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Z ero LiquiD Discharge (ZLD) represents the  

uLtimate cutting-eDge treatment system for 

the totaL eLimination of wastewater effLuent into 

neighboring waterways.  

the ZLD system removes dissolved solids from the 

wastewater and returns distilled water to the process 

(source).  reverse osmosis (membrane filtration) may be 

used to concentrate a portion of the waste stream and  

return the clean permeate to the process.  in this case, a  

much smaller volume (the reject) will require evaporation,  

thus enhancing performance and reducing power  

consumption.  in many cases, falling film evaporation is 

used to further concentrate the brine prior to crystallization. 

falling film evaporation is an energy efficient method 

of evaporation, typically to concentrate the water up to 

the initial crystallization point.  the resultant brine then 

enters a forced-circulation crystallizer where the wa-

ter concentrates beyond the solubility of the contami-

nants and crystals are formed.  the crystal laden brine is  

dewatered in a filter press or centrifuge and the filtrate 

or centrate (also called “mother liquor”) is returned to 

the crystallizer.  the collected condensate from the  

membranes, falling film evaporator and forced- 

circulation crystallizer is returned to the process  

eliminating the discharge of liquids.  if any organics are 

present, condensate polishing may be required for final 

clean-up prior to reuse.

ZLD technoLogy s.m.a.r.t. Zones

ZLD technology includes pre-treatment and evaporation  

of the industrial effluent until the dissolved solids precipitate  

as crystals. these crystals are removed and dewatered. the 

water vapor from evaporation is condensed and returned  

to the process. this process may utilize all or part of five 

s.m.a.r.t. Zone™ engineering modules including pretreat-

ment, membrane filtration, evaporation, crystallization  

and solids recovery.  each module can be executed in  

parallel to expedite the design and implementation  

process.
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evaPoration:  when a significant amount of water  

needs to be evaporated prior to the crystallization step,  

pre-concentration in a falling film evaporator is the most 

efficient solution. these evaporators require less heat/power 

per unit of water evaporated.  

s.m.a.r.t. Zone 3

soLiDs recovery:  sludge generated by s.m.a.r.t. Zone™ 1,  

is generally mechanically dewatered in a plate-and-frame 

filter press.  a solids concentration of 20-50% dry solids 

can usually be achieved and the filtrate is simply recycled  

back to the beginning of the pretreatment system.   

the crystals from s.m.a.r.t. Zone™ 4 can also be mechanically  

dewatered, but corrosion resistant materials are usually 

necessary due to the high salt concentrations present.  the 

crystals can be dewatered in a filter press (belt or recessed 

chamber) or centrifuge and as a result, much higher solids 

concentrations can be achieved.  the filtrate (or centrate)  

is then returned to the crystallizer.  

s.m.a.r.t. Zone 5

Pretreatment:  in the majority of cases, it is more cost-

effective to remove contaminants prior to evaporation/

crystallization. this pretreatment step often includes lime-

soda softening which requires clarifiers to remove calcium 

and magnesium compounds.  

s.m.a.r.t. Zone 1

membrane FiLtration:  where possible, membrane  

filtration such as reverse osmosis can be used to treat the 

wastewater.  the permeate (clean water) is reused in the  

process and the reject/concentrate is sent on to evaporation.

s.m.a.r.t. Zone 2

crystaLLiZation:  the crystallizer is the heart of the ZLD 

process. typically, forced-circulation crystallizers are used, 

which evaporate the water past the crystallization point.   

crystals are mechanically dewatered and the resulting filtrate/  

centrate is returned to the crystallizer. the crystallizer usually  

requires corrosion resistant materials due to the extremely 

high salt concentrations present. in some cases, part of the 

crystallization can be achieved by spray driers to overcome 

high solubility of certain salts.  the clean condensate is returned 

to the process for reuse and the dewatered crystals are 

transported off-site for reuse or disposal. this crystallization 

process is extremely sensitive to the wastewater chemistry 

as the ions present will determine the boiling point elevation  

which has a major impact on the power consumption,  

impacting both capital and operating costs.

s.m.a.r.t. Zone 4

s.m.a.r.t.      Process™
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 s.m.a.r.t.       Process™  

muLtiPLe eFFects: evaporation processes such as falling  

film evaporators can be installed in series such that the 

water vapor from one is reused in the next. in this way, 

the efficiency of the evaporation process can be increased 

and almost doubled, tripled, etc. based on the number of  

evaporator effects installed. this increases the capital cost 

of the system, but it is more economical for larger flow  

operations based on the energy saved.

Waste heat usage: economics are enhanced when 

waste heat found in most industrial applications can be 

productively reused in the ZLD design. this can take the 

form of dryer exhaust gas or low pressure return steam.  

the evaporator designs can make use of these ‘waste’ heat 

sources, significantly saving on energy requirements.

integration eFFects: the chemistry of ZLD systems is 

very complex. the waste streams from the different zones 

are very interdependent.  having a single point of contact 

for the entire system is 

therefore crucial.  we can 

design, supply and install aLL 

of the equipment that makes up 

the ZLD system (physical-chemical 

pre-treatment systems, membranes, 

evaporators, crystallizers and solids 

recovery systems).

mechanicaL vaPor recomPression: for some  

applications, turbofans or high speed compressors can 

be more economical by reducing the steam usage with  

electricity. water vapor produced in the evaporator 

or crystallizer can be compressed and reused as the  

heating source. Depending on the boiling point  

elevation of the wastewater, single- or multi-stage 

vapor compression systems can be used. mVr 

systems are typically implemented where high  

evaporation rates are necessary. 

system enhancements
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