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ABSTRACT- This project mainly through wastewater renovation project of a program of starch production enterprises 
and its actual operating results, the analysis of various treatment structures combined operation of the treatment plant 
treatment effect, the purpose is to understand the characteristics of each treatment structures in starch wastewater 
treatment process, for the follow-up design or improvement of starch the wastewater treatment technology has certain 
reference significance. Industrialization is necessary for us of as economic growth. Increase in business improvement 
has extended water consumption and is resulting in depletion of water assets. On the other hand, water pollution is a 
chief difficulty. People have lengthy been trying to discover fee effective and dependable approaches to treat 
wastewater and recycle or reusing the handled water has turn out to be a need. Zero Liquid Discharge (ZLD) is a great 
state of affairs of entire closed loop cycle, in which discharge of any liquid effluent is removed; it's far a tremendous 
attempt of each enterprise who implements it to fulfill with the environmental regulation in a difficult manner. 
However, it's miles going through some challenges for its implementation consisting of its high expenses and electricity 
efficiency. Here on this evaluation, we've got supplied diverse ZLD technologies which are feasible for extraordinary 
commercial sectors and some modern technology by which the treasured water can be stored and recycled at supply. 
 
KEYWORDS: Zero liquid discharge , wastewater, zld technologies , ETP industries, starch 
 

1. INTRODUCTION 
 
Water is, literally, the source of life on earth. About 70 percent of the earth is water, but only one percent is accessible 
surface freshwater. The one percent surface fresh water is regularly renewed by rainfall and other means and thus 
available on a sustainable basis and easily considered accessible for human use. Water is the biggest crisis facing the 
world today. In India the crisis in terms spread and severity affects one in three people. As per an estimate in 2000, 
there were 7,800 cubic meters of fresh water available per person annually. It will be 5,100 cubic meters (51,00,000 
liters) by 2025. Even this amount is sufficient for human needs, if it were properly distributed. But, equitable 
distribution is not possible India, which has 16 percent of world’s population, 2.45 percent of world’s land area and 4 
percent of the world’s water resources, has already faced with grave drinking water crisis. Water is the single largest 
problem facing India today. Years of rapid population growth and increasing water consumption for agriculture, 
industry and municipalities and other areas have strained Indian fresh water resources. In many parts of our country 
chronic water shortages, loss of arable land, destruction of natural habitats, degradation of environment, and 
widespread pollution undermine public health and threaten economic and social progress. By 2050 more than 50 
percent of population is expected to shift to the cities and the drinking water scarcity will be acute. In the developed 
world, for example, the United Kingdom must spend close to $60 billion building wastewater treatment plants over the 
next decade to meet the new European water quality standards. The World Bank has estimated that over the next 
decade between US $ 600 to 800 billion will be required to meet the total demand for fresh water, including that for 
sanitation, irrigation and power generation. A water short world is inherently unstable world. Now the world needs 
another revolution, i.e., a Blue Revolution for conservation and proper maintenance of freshwater. Wastewater 
treatment occurs in a treatment plant in several stages depending on the degree of treatment desired. In the first stage, 
the preliminary treatment processes prepare the influent wastewater for treatment in subsequent processes. Bar-screens, 
grit-chamber, and flow equalization tank are some of the processes included in the preliminary treatment. There is no 
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significant removal of biodegradable organic matter expressed in terms of 5-day biochemical oxygen demand (BOD) or 
suspended solids by these processes. The next stage is the primary treatment process where settle able and floatable 
solids present in the wastewater are removed by gravity sedimentation. In some rare instances, the flotation process can 
be used instead of gravity sedimentation for the removal of settle able solids. The primary treatment process can 
remove up to 40% of the incoming BOD and 50–70% of the suspended solids. The subsequent stage is the secondary 
treatment process, which is needed to remove the remaining soluble and colloidal organic matter from the wastewater 
that was not removed during the primary treatment processes.The secondary processes invariably use aerobic biological 
treatment processes to remove the soluble and colloidal organic matter from the wastewater. The biological treatment 
process converts the soluble and colloidal organic matter into settle-able solids and micro-organisms (sludge), which 
are removed in the secondary settling tank leaving a clearer supernatant effluent for discharge. Thus, the settling tank 
following the aeration tank is an integral part of the process. In this entry, the secondary tank details are not included. 
These processes in combination with the primary process can remove 90% BOD (carbonaceous BOD) and suspended 
solids. AOP considered being tertiary treatment process which basically removes harmful organic and inorganic 
compounds and also serves a strong disinfectants providing upto 99.9 % disinfection. 
 
Blasting mega trends in industrialisation and urbanization are establishing higher weight on the climate, including the 
world's freshwater assets. In numerous spaces, internationally and especially in quick creating and arising economies 
like India, fast development in ventures and assembling units are making a danger to water quality and huge strain on 
water supplies. Concerns related to water accessibility hazards are expanded in districts inclined to water scarcity.1 As 
these patterns increase, businesses that utilization a lot of water what's more create high quantum of wastewater are 
feeling the squeeze to execute more maintainable water the board procedures which utilizes less measure of water, limit 
effects on getting waters and moderate functional dangers. This outcomes in driving improvements in advances in the 
worldwide water treatment market.1 ZLD frameworks are standing out enough to be noticed as valuable wastewater 
treatment/water the executives answers for complex modern wastewaters. It is a water treatment process in which 
wastewater is treated, sanitized and further reused. The ZLD cycle totally dispenses with fluid release from industry in 
this way decreases and takes out probability of contamination release concerns and administrative removal norms.2 A 
productively planned ZLD (Zero Liquid Discharge) System is utilized for limiting the quantum of wastewater requiring 
treatment and furthermore to deliver a flood of water appropriate for reuse in handling plants.3 An overall methodology 
for ZLD is to increment concentration of wastewater and further solidify to a strong. 
 
1.1 Background  
ZLD innovation was at first created for power plants, in USA and later carried out universally. During mid seventies, 
high saltiness of the River Colorado because of release from power plants, fostered the requirement for forcing Zero 
Liquid Discharge. Controllers were principally worried about release from scrubbers and cooling tower blow downs in 
power plants. First ZLD introduced was of 114-454m3/hour units, in light of dissipation/crystallization. At first 
minimal expense lakes were utilized for vanishing of Reverse Osmosis (RO) reject. In Germany, ZLD frameworks for 
coal-terminated power plants were a consequence of severe guidelines furthermore laws in the 1980s.4 Every year, 
overall speculation of around 200 million USD is addressed by development of zero fluid release plants. At present, 
there are numerous concentrator/evaporator frameworks in various ventures round the globe. It is spreading generally 
to water scant locales and to exceptionally touchy and contaminated environments.4 Nations like China and India, 
where water shortage exists and reuse/reuse of modern water is less (for example water recuperation proportion is less), 
most likely need to foster answers for ZLD frameworks. The ZLD market is probably going to see further expansion in 
movement dependent on expanded water shortage and strain from the controllers. 
 
1.2 India  
All material units were needed to introduce ZLD frameworks which were delivering wastewater profluent more 
prominent than 25 kLD as given in draft strategy by the Government in 2015. As expressed by Vishnu et al.,5 ZLD 
frameworks were at that point carried out by 29 coloring ventures in the Tirupur city of Tamil Nadu by 2008, where not 
just water was recuperated yet additionally salts were recuperated which were straightforwardly utilized indyeing 
processes. Presenting to a current specialized report, the market for ZLD in India was approximated to around39 
million USD in 2012 furthermore was projected to ceaselessly increment from 2012 to 2017 at a rate around 7%. In this 
market, the power, petrochemical, material and fermenting and refinery enterprises are the key application areas.6 
Regulation connected with ZLD in India as given by Saha7:  
a. High Court coordinated dirtying drug enterprises close to Hyderabad to pay ranchers Rs 4000/section of land every 
year (between1992-2002) because of loss of soil ripeness. 
b. Tamil Nadu High Court Order commanded ZLD for coloring,dying units, tanneries and refineries. (2006) 
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c. Andhra Pradesh High Court request commanded ZLD for 12 huge Drug units around Hyderabad releasing 25,000 
kLD. (2008) 
d. Tamil Nadu Government and Central Government Scheme for an appropriation of Rs. 320 crore (interest free 
advance) to set up ZLDs in the state following the court request of 2006. (2010) 
e. Punjab Pollution Control Board ordered ZLD in 8 huge electroplating enterprises in Ludhiana (2010). 
f. Punjab Pollution Control Board helped 500+ little electroplating units in Ludhiana to set up a CETP with ZLD.(2010) 
g. Rajasthan Government proclaimed a Capital Subsidy on ZLD based ETP equivalent to 20% of sum paid to the 
broker for the treatment plant barring common works, exposed to a greatest of Rs. 1.0 Crore (2014). 
 
Objective and scope of the project: 
The starch wastewater is milky white color. Both suspended and dissolved solids concentration present in starch 
wastewater are very high. This type of wastewater generally treated by conventional method such as sedimentation, 
coagulation and flocculation methods. This method gives limited purifying efficiency. In this work the treatment of 
starch wastewater by using solids and liquid separation with the help of gravitational settling and supernatant 
wastewater is treated by biologically sequential batch reactor process. Firstly analysis of quantity of wastewater, pH, 
TSS, TDS, BOD and COD in starch wastewater these are the operating parameters to optimize. Biochemical method 
and flocculation and sedimentation method are the most widely used methods for treatment of starch wastewater. 
Starch wastewater has high turbidity and COD, as well as a strong odor. Discharging this type of sewage could cause 
serious environmental pollution, so it must be treated and meet national standards before being discharged. This review 
paper presents investigating studies on various treatment methods for wastewater containing starch.  Several methods 
of starch wastewater treatment in recent years, including physical method, physical-chemical process, biological 
method and combined process method, were reviewed. The advantages and disadvantages of these methods are 
analyzed, and the development and research direction of these methods are prospected. The methods of zero liquid 
discharge (ZLD) treatment of wastewater containing starch discussed. Four common ways to treat wastewater include 
physical water treatment, biological water treatment, chemical treatment, and sludge treatment. 
 

II. LITERATURE REVIEW 
 
Water resources are becoming scarce meaning that reuse options are receiving more and more attention. In this 
perspective, zero-liquid discharge (ZLD) is considered as an emerging technique to minimize waste, recover resources, 
treat toxic industrial waste streams, and mitigate potential water quality impacts in receiving water streams. Although 
ZLD systems are capable of minimizing contamination of water sources and amplifying water supply, its industrial 
scale applications are restricted due to their high cost and intensive energy consumption. In ZLD systems, membrane-
based technologies are an attractive future strategy for industrial wastewater reclamation. Therefore, this review 
examines why a greater focus on environmental protection and water security is leading to more widespread adoption 
of ZLD technology in various industries. We highlight existing ZLD processing schemes, including thermal and 
membrane-based processes, and discuss their limitations and potential solutions. We also investigated global 
application of ZLD systems for resource recovery from wastewater. Finally, we discuss the potential environmental 
impacts of ZLD technologies and provide some focus on future research needs. 
 
Tiezheng Tong et al.(479) The creator in this paper have surveyed three film based innovations ⎯ ED/EDR, 
thermolytic FO, and MD ⎯ as three arising ZLD advances to additional concentrate the feedwater after the RO stage. 
Notwithstanding, contrasted with the specialized development of RO and MVC brackish water concentrators, these 
advancements are less settled. More pilot or field studies are attractive to approve their enormous scope execution and 
suitability in seeking after ZLD. Particularly, their energy utilization and cost should be additionally assessed to make 
an immediate correlation with MVC saline solution concentrators. For MD and thermolytic FO, their capacity of 
saddling poor quality energy will essentially diminish the great energy interest, activity cost, and GHG impression of 
ZLD. Moreover, the natural effects of ZLD should be better perceived. A daily existence cycle appraisal investigation 
of the energy interest and GHG discharge will give extra experiences into the money saving advantage adjusting of 
ZLD. Alongside propels in working on the energy and cost efficiencies of ZLD innovations, especially by joining layer 
based cycles, ZLD might turn out to be more attainable and reasonable later on. 
 

M. Cheryan et al.(756) The creator has assessed about the wide scope of enterprises experiencing oil and oil 
contamination. Modern squanders might be lower in volume, however contain a lot higher grouping of 
contaminations .Industries like steel, aluminum, food, material, calfskin, petrochemical and metal ®nishing are some 
that report undeniable degrees of oil and oil in their effluents. Accordingly the utilization of UF and MF to treat 
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oil±water emulsions is surely going to increment later on, particularly in applications where the worth of the 
recuperated materials is high, e.g., reusing watery cleaners and machining coolants. Layers could likewise be 
valuable in a half and half framework when it is joined with regular substance treatment frameworks to think mucks. . 
This survey of the creator depicts a few contextual investigations of these applications, and examines the potential 
entanglements and capability of in applying layers to the treatment of slick squanders. 

 
ValentinaColla et al.(68) The creators in this paper did the exploration about the water reuse and office the executives 
ideas for the primary circuits in various steel plants of steel industry through salt end strategies. This review concerned 
two water circuits having a place with two coordinated steelworks where high salts fixations led to pertinent issues. In the 
main circuit, the high chloride and carbonate focus in the cooling water of the hot strip plant can influence the nature of 
the strips, because of the salt testimonies on the strip surfaces, and causes erosion of gear. In the subsequent circuit, the 
high substance of chlorides and fluorides in the process waters of a Blast Furnace gas cleaning framework causes erosion 
of different parts. . In the two cases the creator completed the tests to survey the likelihood to apply Reverse Osmosis 
execution and to assess the security of its subjective presentation to the saline water. The tests showed that pre-medicines 
are really required for colloids expulsion, and, subsequently, to ensure Reverse Osmosis layers: in the primary circuit, 
ultrafiltration, and in the second circuit customary coagulationflocculation-sedimentation framework followed by sand 
filtration have been carried out. . Results showed that, through Reverse Osmosis framework, most salts, like chlorides, 
fluorides, calcium, sulfates, and so forth can be taken out and different boundaries, like electrical conductivity, alkalinity 
and Total Dissolved Solids significantly diminished. Appropriately critical outcomes have been accomplished, like new 
water utilization and water released decline, and the line administration life improvement, because of the decrease of 
consumption issues. The monetary reasonability at modern scale was additionally assessed and their execution came 
about plausible 
 
Tiezheng Tong et al.(378) The creator in this paper have surveyed three film based innovations ⎯ ED/EDR, 
thermolytic FO, and MD ⎯ as three arising ZLD advances to additional concentrate the feedwater after the RO stage. 
Notwithstanding, contrasted with the specialized development of RO and MVC brackish water concentrators, these 
advancements are less settled. More pilot or field studies are attractive to approve their enormous scope execution and 
suitability in seeking after ZLD. Particularly, their energy utilization and cost should be additionally assessed to make 
an immediate correlation with MVC saline solution concentrators. For MD and thermolytic FO, their capacity of 
saddling poor quality energy will essentially diminish the great energy interest, activity cost, and GHG impression of 
ZLD. Moreover, the natural effects of ZLD should be better perceived. A daily existence cycle appraisal investigation 
of the energy interest and GHG discharge will give extra experiences into the money saving advantage adjusting of 
ZLD. Alongside propels in working on the energy and cost efficiencies of ZLD innovations, especially by joining layer 
based cycles, ZLD might turn out to be more attainable and reasonable later on. 
 
RihuaXiong et al .(43) The creator in this paper learned with regards to the current status and innovation patterns of 
zld in coal synthetic industry of china . It has seen that Coal substance industry in China has been filling quickly in the 
previous decade and the pattern is relied upon to proceed before very long. It is assessed that the coal synthetic industry 
creates around 117 million tons of wastewater in China consistently and this number is relied upon to increment to 475 
million tons by 2020.Therefore the creator has concentrated about zld utilizations and applications businesses i.e ZLD 
is regularly utilized as the wastewater the executives procedure in recently proposed coal compound plants. The ZLD 
framework include three stages i.epretreatment ,preconcentration and vanishing and crystallization with the film based 
preconcentration step pushing the water recuperation to 90–95%. The execution and Development of ZLD 
advancements in China has given a fast push to development of coal compound industry. In this review , plainly ZLD 
advances will be progressed towards better framework solidness, lower treatment cost and useful reusing of 
unadulterated salts from wastewater by carrying out new improved organics evacuation innovations, half and half film 
and room temperature crystallization advances, high saltiness layer focus advances, unadulterated salts situated 
crystallization advances. 
 
MekdimuMezemirDamtie et al. (12)This paper learns about the Membrane-based advances for zero fluid release and 
fluoride expulsion from modern wastewater .This article inspected the half breed crystallization-switch assimilation 
procedure (HRO) considering transition, fluoride evacuation productivity, fouling inclination, mineral recuperation, 
going along zero fluid release (ZLD), and gushing release standard (EDS, which are the Several defluoridation methods 
utilized for the decrease of high starting fluoride focus (IFC) in wastewater which hhave been tried, yet a couple of 
them have accomplished the passable principles. The review showed low-pressure (30 bar) RO can't treat profoundly 
fluoridated wastewater (IFC ¼ 6600 mg/L). Its greatest ability was uniquely around IFC ¼ 614 mg/L. Thusly, a 
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mixture of these two innovations (i.e HRO) was effectively applied toward lessening M.M. Damtie et al. /Chemosphere 
236 (2019) 124288 9 fluoride to the ideal norm. Examination with other cutting edge innovations, like MD, HRO 
additionally showed cutthroat or surprisingly better execution as far as transition, fluoride dismissal, ecological 
neighborliness, and energy saving. In this way, lowpressure HRO can be applied as great as SMD to treat profoundly 
fluoridated modern wastewater with a decent propensity of mineral recuperation and less natural fouling. 
 
NupurBahadur et al .(19)This research article is about the material and coloring industry wastewater of Novel pilot 
scale photocatalytic to accomplish process water quality and empowering zero fluid release which is the need of great 
importance in handling issues of point source contamination and Water Conservation in agricultural nations like India. 
Reuse of regarded water as interaction water further guarantees water re-use proficiency and execution of Zero Liquid 
Discharge. Which is relied upon to lessen freshwater necessity and guarantee maintainable administration of water 
assets in water focused on districts of non-industrial nations. 
 
Argyris Panagopoulos et al. (28)This audit article learned with regards to the investigation, difficulties and 
possibilities of Minimal Liquid Discharge (MLD) and Zero Liquid Discharge (ZLD) systems for wastewater with their 
administration and asset recuperation . In this work, MLD and ZLD structures are investigated and assessed under 9 
models (system stages, advancements, freshwater recuperation target, feed salt water saltiness, energy utilization of 
every innovation, GHGs outflows, cost sway, asset recuperation and social effect). In addition, a contextual 
investigation is introduced under two unique situations, Scenario 1 (MLD framework) and Scenario 2 (ZLD 
framework). Results showed that the energy utilization of the ZLD framework is 10.43 kW h/m3 which is 1.93 
occasions higher than the energy utilization of the MLD framework (5.4 kW h/m3 ). The all out freshwater 
recuperation of the MLD framework is 84.6 %, while the absolute freshwater recuperation of the ZLD framework is 
98.15 %. Generally, the outcomes propose that the MLD and ZLD systems can be important methodologies for 
wastewater use, reuse, and asset recuperation 
 
Galilee UySemblante et al (58) This article will in general learn about the brackish water pre-treatment innovations for 
zero fluid release frameworks. Limits in salt water removal choices now and then require the utilization of zero fluid 
release (ZLD) approach. Saline solution pre-treatment is vital to the acknowledgment of layer based ZLD which is 
utilized to recuperate water and to additional concentrate saline solution – trailed by warm treatment. Writing shows 
that the most widely recognized brackish water pre-treatment process, substance precipitation, is by and large 
exorbitant due to high synthetic utilization and dangerous muck creation. A basic assessment of option pre-treatment 
choices was performed. It was observed that electrocoagulation and nanofiltration processes have promising execution 
as far as hardness and natural evacuations. In the interim, coagulation and adsorption processes show potential for 
natural evacuation. Further investigations ought to be performed on process improvement and cost examination to 
decide the achievability of applying these advances in ZLD frameworks. 
 
MutiuKoladeAmosaet al (8)This paper surveys the status, reasoning and capability of water reuse in Malaysia. The 
piece further mirrors the capability of cutting edge innovations to deliver recovered water offering explicit answers for 
modern or rural reuse needs from BPOME, subsequently proposing potential, reasonable and practical water protection 
frameworks through zero fluid release (ZLD) innovation and water recovery from BPOME release and suggests that , 
The determination of the most appropriate blend of cutting edge innovations ought to be tended to considering the last 
reuse focuses as the science of the wastewater and the objective reuse direct the treatment interaction 
designs.Recommended water quality principles, like APHA, USEPA, ASME, AWWA, BSS, WHO, FAO and so forth 
ought to be utilized as benchmarks during the wastewater treatment for a particular reuse scope.Low Pressure 
Membranes (LPMs) could be a suitable choice for partition of pollutants in Biotreated palm oil factory gushing for 
reuse in the modern or horticultural realm.Consumer discernment ought to be changed in making them mindful of the 
genuine worth of water just as the ecological effects identified with intense usage of new water. Reestablishing trust in 
science can just occur by further developing correspondence between the various gatherings, i.e., researchers, hazard 
directors, media, industry and purchasers. 
 
Muhammad Yaqub et al (70)In this viewpoint, zero-fluid release (ZLD) is considered as an arising procedure to limit 
squander, recuperate assets, treat harmful modern waste streams, and moderat e potential water quality effects in 
getting water streams. In ZLD frameworks, film based advancements are an appealing future technique for modern 
wastewater recovery. Thusly, this audit looks at why a more prominent spotlight on natural assurance and water 
security is prompting more inescapable reception of ZLD innovation in different enterprises. The creator has featured 
existing ZLD handling plans, including warm and layer based cycles, and talk about their impediments and expected 
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arrangements. Creator has additionally explored worldwide use of ZLD frameworks for asset recuperation from 
wastewater. At last, he examine the possible natural effects of ZLD advances and give some emphasis on future 
exploration needs.More pilot-scale applications are accordingly expected to approve the full-scale execution and 
achievability of ZLD frameworks. The MD-and FO-joined ZLD frameworks utilize second rate energy that diminishes 
energy interest, activity expenses, and ozone depleting substance emanations. Later on, creating energy-proficient and 
financially savvy film advancements should make ZLD more suitable and economical. As far as natural worries, more 
examinations are required forever cycle evaluation of energy interest and ozone harming substance emanations to work 
on comprehension of the money saving advantage equilibrium of ZLD frameworks. 
 
Angela Ante et al .This article learns about steel industry in which Steel creation without water is incomprehensible. 
Given the expanding water shortage, SMS bunch is putting forth incredible attempts to foster its ecoplants items and 
cycles that are described by low energy and water utilization and reusing of assets. The developments introduced here 
incorporate interaction coordinated arrangements like the turning descalerPiroscale MAT and the ETL evaporator just 
as end-of-pipe arrangements, for example, the recovery of assets utilizing the Ciroval cycle or the reusing of water from 
cooling circuit blowdown, as carried out in the WEISS venture and zero fluid release arrangement. 
 
2.1 Summary of Literature Review   
 
The above literature review centers around the execution of zero fluid release (ZLD) frameworks in the different 
emanating creating ventures as by not treating it climate is getting dirtied and water shortage issues are expanding The 
principle element of ZLD frameworks at modern undertakings is the presence of following administration offices, e. g. 
concentrated wastewater treatment offices; modern wastewater muck treatment offices; non-recyclable slick wastewater 
and slime burning offices; recovered (reused) modern wastewater treatment offices and so forth A few ventures, for 
example, material mash paper , metal-getting done, refineries , tanneries, power plants and so on has accomplished the 
treatment plants, for example, Zero fluid release. Be that as it may, a portion of the ventures has not accomplished zero 
fluid release for example iron , steel and stirring businesses. Subsequent to going through many exploration paper, the 
chart of zero fluid release process treating with iron and steel enterprises is by all accounts invalid and void . Iron and 
steel enterprises are additionally managing the broad natural contaminations , gigantic water utilization and release 
emanating stacked with harmful , perilous toxins and unutilized parts which requires moderation. In any case, for this 
businesses different plants were tested and got succeeded .The examination review on Zero Liquid discharge  release 
plant with Iron and Steel industry has not been for such a long time . 
 

III. MATERIALS AND METHODS 
 
3.1 Zld system 
It is a framework comprising of unit cycles or unit activities or their blend, with the end goal that there is no release of 
fluid gushing from an industry, process plant, project and so forth It shows there is no fluid release since the profluent 
is viably treated, reused and reused. Zero fluid release is by and large refined by concentrating the wastewater using 
various innovations along with membranebased and multi impact vanishing based systems.8 ZLD involvesof: 
A. Taking out of wastewater gushing stream from the business, 
B. Reusing of treated water and 
C. Building up unimportant fluid toxins standard. 
For the most part, the impetuses behind execution of ZLD fluctuate contingent upon earthly area and application. US, 
China, and India structure larger part of business sectors for ZLD with most noteworthy economy and biggest 
populaces to be served.  
       Though the exact components of a ZLD treatment system will vary, a basic ZLD treatment system typically 
includes some type of: 
• Clarifier and/or reactor to precipitate out metals, hardness, and silica 
• Chemical feed to help facilitate the precipitation, flocculation, or coagulation of any metals and suspended solids 
• Filter press to concentrate secondary solid waste after pretreatment or alongside an evaporator 
• Ultrafiltration (UF) to remove all the leftover trace amounts of suspended solids and prevent fouling, scaling, and/or 
corrosion down the line of treatment 
• Reverse osmosis (RO) to remove the bulk of dissolved solids from the water stream in the primary phases of 
concentration 
• Brine concentrator to further concentrate the reject RO stream or reject from electrodialysis to further reduce waste 
volume 
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• Evaporator for vaporizing access water in the final phases of waste concentration before crystallizer. 
• Crystallizer to boil off any remaining liquid, leaving you with a dry, solid cake for disposal 
Contingent upon the necessities of your plant and cycle, these norm parts are normally satisfactory, not withstanding, in 
the event that your plant requires a framework that gives a smidgen more customization, there may be some highlights 
or advances you should add on. On account of the expansive scope of ventures that utilization ZLD and the different 
waste streams delivered, ZLD is a profoundly custom interaction and these additional items will rely upon your office's 
singular requirements. 

3.2 ZLD technologies  

Main aim of ZLD is to recover useful products and salts from rejects, apart from recovery of maximum 
water for recycle. Major ZLD Technologies are as follows:  

i. Solvent extraction/Stripper  

ii. Membrane Bio-Reactor Technology (MBR)  

iii. Ultra-filtration/Reverse Osmosis  

iv. Evaporation Technologies  

v. Agitated Thin Film Dryer (ATFD)  

vi. Incinerator  
 
 

ZLD 
Technology 

       Use Advantages Disadvantages Application 

Membrane Bio 
Reactor (MBR) 

Used as biological 
secondary treatment 
for reduction of 
organic 
load. 

Secondary clarifier 
not required. 
Treated water quality 
is better than 
conventional ASP, 
MBBR and SBR. 
Post treatment of 
sand filtration not 
required. 
 

Capital cost is more 
than other aerobic 
biological 
technologies (ASP, 
SBR, MBBR). 
 
Membrane 
replacement after 
five years. 

Textile Industry 
 

Oil Refineries 
 

 
CETPs 
 
 
 

 
Solvent 
recovery – Air 
Stripper 

 
Used for recovering 
solvents/ammonia 
recovery by 
providing air. 

Conventional proven 
method for 
removal of solvents. 
Economical when 
solvents with low 
solubility in water are 
present in 
wastewater. 

 
Applicable only 
when large 
quantity of solvent 
with low 
solubility in water is 
present in 
wastewater. 
Difficult to capture 
solvent 
when in low 
concentration. 

Recovery of useful 
solvents, ammonia in 
pharmaceutical 
industry 
Pesticide Industry 
Chemical Industry 

Solvent 
Recovery – 
Steam Stripper 

Used for recovering 
solvents by using 
steam. 

Solvent recovery is 
more compared 
to air stripping. 

Not suitable for 
water miscible, high 
boiling solvents. 

Recovery of useful 
solvents, ammonia in 
pharmaceutical 

http://www.ijarasem.com/


International Journal of Advanced Research in Arts, Science, Engineering & Management (IJARASEM) 

                                                          | ISSN: 2395-7852 | www.ijarasem.com | Impact Factor: 6.551 |Bimonthly, Peer Reviewed & Referred Journal| 

         | Volume 10, Issue 3, May 2023 | 

IJARASEM © 2023                                                         |  An ISO 9001:2008 Certified Journal  |                                             2007 

 

Solvents can be 
reused or are 
saleable. 

 

Useful even less 
quantity of solvent 
present in wastewater 

Scaling occurs in 
column which 
is to be cleaned 
periodically. 

industry 
Chemical Industry 
Pesticide Industry 

Ultra Filtration 
(UF) 

Used for removal of 
colloidal matter and 
bacteria and viruses. 
 
Used as pre-treatment 
to RO. 

 
 

Removes suspended, 
colloidal 
particles, bacteria, 
viruses. 
Best pre-treatment 
for RO. 
Most effective 
treatment for removal 
of salinity (TDS) 
with more than 99% 
salt rejection 

Does not filter 
dissolved solids, 
gases and organics.  
Frequent 
backwash, 
membrane cleaning. 
Replacement of 
membranes after 5 
years required 
Very high capital 
cost. 

Pre-treatment 
to RO in all ZLD 
plants. 

Reverse 
Osmosis (RO) 

Used for removal of 
salinity (TDS) and 
residual organics by 
passing wastewater 
through semi-
permeable 
membrane by 
applying high 
pressure. 

Clean technology and 
no handling of 
chemicals like 
acid/alkali like ion 
exchange technology. 
Permeate water is 
free of ions and can 
be used in industrial 
processes. 

High energy 
consumption due to 
high pressure 
pumps. 
Membrane 
replacement 
required after 
application of 
3 years. 
Cleaning of 
membrane 
frequently due to 
membrane 
fouling 
Reject Water 

Used in all industrial 
sectors for TDS 
removal and 
recycling the water. 

Multiple Effect 
Evaporator 
(MEE) 

Used to evaporate 
wastewater to 
separate 
water and salt by 
using heat of steam in 
sequence of vessels. 

Proven method for 
recovery of water 
from saline water and 
separation of 
salt. 

Very high operating 
cost due 
to steam 
requirement. 

Pharmaceutical 
Industry, Textile 
Industry,Pesticide 
Industry, Dyes and 
Dye Intermediates, 
Steel Industry, 
Fertilizer Industry 

Mechanical 
Vacuum 
Compressor 
(MVR) 

Water vapour 
generated in the 
evaporator is 
compressed to higher 
pressure which acts 
as heat source for 
evaporation. 

Eliminates thermal 
energy 
requirement. 
Useful when steam 
not available 
Low operating cost. 

Suitable only for 
liquid with 
narrow boiling point 
rise 
(BPR). 
Suitable when ready 
steam is 
not available in the 
industry. 

Textile Industry 
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3.3 Major Factors  
Major factors  for embracing ZLD advances by businesses are asgiven below 6: 
a. Stricter guidelines for wastewater removal. 
b. Significant expense of establishment of ZLD framework is offset by high cost of wastewater removal alongside 
exorbitant resistancepunishments. 
c. Because of strengthening shortage of water internationally, recuperation of water to bigger degrees through ZLD is 
being upgraded. 
d. Water from ordinary sources is costly though utilization of reused water would be somewhat modest. 
e. Mindfulness for ecological issues coming about because of development of schooling and social obligation. 
f. ZLD framework, independent of significant expense, might be prudent answer for limiting expense in transportation 
of waste in enormous amounts for longer distance. 
 
 
 

Crystallizer 

Used to dry high 
TDS 
water or products 
using 
heat. 

Used for recovery of 
salts like Sodium 
Sulphate, Sodium 
Chloride, Sodium 
Thiosulphate, Zinc 
Sulphate etc. 
Simple Evaporation 
method of single 
effect evaporation. 
Good heat 
conductivity so can 
be applied for highly 
viscous fluids. 

Scaling and 
corrosion of unit is a 
problem. 
Requires frequent 
cleaning. 

All industrial 
sectors. 
Application in salt 
recovery in Dye and 
Dye Intermediates 

Agitated Thin 
Film Dryer 
(ATFD) 

Used to dry high 
TDS 
water or products 
using 
fast revolving rotor in 
a 
heating jacket. 

 
Gentle evaporation 
and high evaporation 
rate. 
Continuous cleaning 
of heating 
surface. 
 

Scaling and 
corrosion of unit is 
a problem. 

Application in salt 
recovery in Dye and 
Dye Intermediates 

Incinerator 

Used for burning the 
concentrated effluent 
by 
thermal energy 

Useful method for 
very high strength 
(High COD) effluent 
which is difficult 
to biodegrade.  
No further treatment 
is required. 

Requires very high 
energy. 

Pharmaceutical 
Industry 
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3.5 Benefits 
I. Installation  of ZLD technology empowers water usage checking intently, keep away from wastage and reusing of 
water by customary and moderately more affordable solutions, consequently being helpful for a unit's water the 
management system  
ii. 90-95% recuperation of water and significant salts from the wastewater legitimizes its high functional expense. 
iii. Meeting most tough administrative standards comes out on top to a more reasonable development. 
iv. Utilizing zero fluid release procedures, there is plausible to recuperate water from sewage for metropolitan and 
modern use. 
v. Water interest from industry lessens opening up water to meet the requests for homegrown use and agribusiness 
proficiently. 
vi. Environment of water bodies, soil saltiness and groundwater close by releasing units are not impacted. 
vii. Recuperation and reuse of treated water brings about administration of water assets and its preservation. 
 
3.6 Challenges 
A few difficulties are being looked for advancement and execution of ZLD. Some of these9 include: 
a. Advancement of high and viable recuperation framework to recuperate more noteworthy than 95% of wastewater. 
b. Results of ZLD incorporate difficulties for removal since high measures of perilous strong squanders are produced 
prompting think for ZWD (Zero Waste Disposal) Plants. 
c. Innovation deficiencies. 
d. Expanded functional expense and funds on the plant and its worldwide, public and local seriousness. 
e. High carbon impression. 
f. Choice the appropriate methods as indicated by quantum of emanating and its attributes. Accordingly, techno-
financial examinations are important for fostering a zero fluid release approach. 
 
3.7 Drawbacks  
The most vital disadvantages of ZLD frameworks incorporate 
I. Expansion in both, capital and activity and support cost. 
ii. Distinction in plan of ZLD System dependent on variousmodern units. 
iii. Entanglements in managing complex floods of wastewater. 
iv. Use of high amount of synthetics in treatment of wastewater. 
v. Serious utilization of energy. 
vi. Enormous amount of ooze (both unsafe and other strong waste) is produced. 
vii. ZLD execution builds the expense of handling in ventures by 25–30% 
 
3.8  Sector -Wise Concept  Of ZLD And Treatment Choices 
According to Central Pollution Control Board (CPCB),10 New Delhi(2015), sector -wise treatment choices for 
industries  is given in Table 2. The area insightful choices shows that the particular business need to introduced ZLD 
system according to their waste-water attributes and their use. Here in India, the CPCB has encouraged to introduce the 
ZLD framework to all industries  and made it required to reuse the water after treatment. 

SR. SECTOR TREATMENT OPTIONS REMARK 

1 DISTELLERY 1. Bio-methanation followed by R.O/MEE followed by 
incineration (slop fired). 

 2. Bio-methanation followed by R.O/MEE followed by 
drying (spray/rotary).  

3. Concentration through MEE followed by coprocessing 
in cement/thermal power plant. 

 4. Bio-methanation and RO followed by MEE followed 
by bio-composting. (As per new protocol) 

ZLD achievable 

2 TANNERY Primary treatment + secondary treatment+ pre- treatment 
for RO + Reverse Osmosis +  MEE 

 (recovery of permeate, crystallised salt, reuse of the 
recovered condensate) 

ZLD achievable 
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3 PULP & PAPER Primary treatment + Degasification + RO, 2 stage + NF 
and UF + Evaporator, Concentrator/Crystallizer 

Black Liquor 
totally to be 
ZLD in any 
plant. Other 
plants ZLD as 
per charter 
concept 

4 SUGAR Restricting effluent generation to 100 Liters/ton cane 
crushed.  

Water consumption to be restricted to 100 liters / ton 
initially and further to 50 Liters/ton cane crushed. 
Condensate polishing unit mandatory Recycle of excess 
condensate to process or ancillary units. 

 Water management/audit to reduce spray pond/cooling 
tower blow downs and excess condensate. Irrigation 
protocol for disposal into land applications 

Water 
conservation & 
irrigation 
protocol as 
alternate to ZLD 

 

 

 

 

5 PHARMACEUT
ICALS 

Low TDS Effluent treatment system  

Primary treatment+ Secondary treatment + tertiary 
chemical treatment to reduce TDS (Pressure sand filter, 
Activated Carbon filter and filter press for dewatering of 
sludge). RO system (permeate is utilized as cooling tower 
makeup water) + Multi effect evaporator/incinerators.  

High TDS Effluent treatment system  

Primary treatment + stripper to remove VOC + 3 stages 
Multi Effect Evaporator (forced circulation) Agitator 
Thin Film Drier (ATFD)+(MEE condensate is being 
taken along with Low TDS effluent for further 
treatment)+ MEE/incineration. 

 

ZLD achievable 

6 TEXTILES 1.Ozonation + bio-oxidation + sand filtration + activated 
carbon adsorption + micro filtration + reverse osmosis(3 
stage) + multiple effect evaporator 

 2. Chemical precipitation + bio-oxidation + chemical 
precipitation + sand filtration + Activated carbon 
adsorption + micron filtration + reverse osmosis (3 
stages) + multiple effect evaporator 

3. Chemical precipitation + bio-oxidation + sand 
filtration + dual media filtration + micron filtration + 
reverse osmosis (3 stages) + multiple effect evaporators 

ZLD achievable 

7 REFINERIES API, primary treatment, secondary treatment and tertiary 
treatment. 

 The tertiary treatment is mainly Reverse Osmosis and 
permeate is utilized and rejects are discharged into 
cooling tower 

Water 
conservation, 
Reuse & partial 
ZLD 

8 FERTILIZERS Chemical treatment+ Reverse Osmosis (Rejects as filler Water 
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3. Results and Discussion 

i.       The industries having high organic load and other refractory nature of pollutants will be requiring to 
adopt ZLD system. 

ii.       ZLD refers to a system which would enable and industry to recover clean water using back into 
industrial processes or domestic use and not subjecting to be disposed in ambient environment including 
use in industrial premises. 

iii.        Industries will have options to select technical system facilitating to achieve ZLD.  
iv.        Industries are liable to face closures if found violating the prescribed standards and not having 

installed on-line effluent monitoring devices where data will have to be available with regulatory bodies 
and also in public domain.  

v.        Sectors like Pulp & Paper will immediately adopt charter which will facilitate them to reduce 
pollution load and maximize reduction in water usage / consumption as well as reducing in quantity of 
effluent disposed. However, such industries shall be   subjected to regular vigilance and followed by stern 
action in case of their noncompliance to the existing stipulated / notified standards 
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