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Abstract 

As a by-product of industrial or domestic activities, wastewater of different compositions has caused serious 

environmental problems all over the world. Also our water resources are limited and, hence, water treatment 

and recycling methods are the only alternatives for getting fresh water in the coming decades. Therefore, 

there is a great need for the development of a suitable, inexpensive and rapid wastewater treatment techniques 

and reuse or conservation methods in the present century. So new treatment techniques for recovering water 

and valuable compounds from wastewater at low costs are urgently needed. For this reason researchers have 

begun to make use of evaporation techniques in wastewater treatment. Evaporation techniques have many 

advantages, such as high efficiency, energy saving, low costs and so on. In this paper other treatment methods 

compared to evaporation method from different direction. 
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1. Introduction 

Water is one of the most important substances on earth. All plants and animals must have water to survive. If 

there is no water there would be no life on earth. It covers about 71% of the Earth’s surface, and is vital for all 

known forms of life. But only 2.5% of the Earth’s water is fresh water [1]. Point and non-point sources are 

contaminating our valuable water resources. The main water pollution sources are from industrial, domestic 

and agricultural activities and other environmental and global changes. By 2020, the global population is 

supposed to reach up to 7.9 billion and because of this the world may experience the great scarcity of fresh 

water [2-4]. Generally, wastewater contains complicated organic and inorganic compounds, such as high 

concentrations of phenolic compounds, polycyclic aromatic hydrocarbons, salts, heavy metals, ammonia, 

cyanide and thiocyanate [5, 6]. Serious issues have been resulted from wastewater, including soil and water 

pollution, water resources shortage, wasted resource and so on. Globally, billions of people lack access to safe 

water and adequate sanitation [7, 8]. About 40 percent of the world’s population lacks basic sanitation and 

sanitation coverage is commonly much lower in rural areas than in urban areas [7]. The lack of adequate 

sanitation services leads to several diseases (Fig. 1) [9]. The World Health Organization (WHO) estimates that 

2.1 million people die annually from diarrheal diseases [7]. That is also the reason why wastewater treatment 

has been a common concerns of both governments and researchers all over the world in the past decades. The 

treatment of wastewater is a universal challenge due to its operation complexity and cost issues. New treatment 

techniques for recovering water and valuable compounds from waste water at low costs are urgently needed. 

In recent years, great efforts have been made to develop new techniques and significant progress have been 

achieved.  

      Evaporation is the new technique that is separation process that takes advantage of the changing physical 

states of water, or other solvents, from liquid to vapor. It is unique from other separation processes, in that the 
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water is removed from the contaminants rather than the pollutants being filtered from the water. In this paper 

this method compared to other treatment technologies. 

 
Fig 1. The ranking of annual incidences of certain diseases due to the lack of sanitation [7]. 

 

 

2. Wastewater treatment technologies  

Water treatment technologies are used for three purposes i.e. water source reduction, wastewater treatment and 

recycling. Degrees of treatment are sometimes indicated by use of the terms primary, secondary, and tertiary 

treatment. Primary treatment includes preliminary purification processes of a physical and chemical nature 

while secondary treatment deals with the biological treatment of wastewater. In tertiary treatment processes, 

wastewater (treated by primary and secondary processes) is converted into good quality water that can be used 

for different types of purpose, i.e. drinking, industrial, medicinal etc. supplies. In the tertiary process, up to 

99% of the pollutants are removed and the water is converted into the safe quality for a specific use. In a 

complete water treatment plant, all these three processes are combined together for producing good quality and 

safe water. Wastewater treatment technologies are shown in Fig. 2 [10]. Despite the development of various 

technologies for water treatment, economic, effective and rapid water treatment at a commercial level is still a 

challenging problem. The management of the removed pollutants (sludge) should be kept in mind. The 

systematic approach of water treatment technologies involves the understanding of the technology that includes 

construction and operational cost, along with the maintenance and management of removed pollutants. A 

comparison of other wastewater treatment technologies to evaporation technology in terms of their 

applicability, suitability, costs and so on is presented in this study. 
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Fig 2. Illustration of the wastewater treatment technologies [10] 

 

3. Evaporation technology 

Evaporation is a separation process that takes advantage of the changing physical states of water, or other 

solvents, from liquid to vapor. It is unique from other separation processes, in that the water is removed from 

the contaminants rather than the pollutants being filtered from the water. Before recent technological 

developments, the capital and energy requirements for evaporation processes had been too intensive for 

wastewater treatment or recycling applications. The economical use of evaporation was limited to product 

recovery applications or when all other treatment methods had failed. For over 35 years, however, EVALED™ 

evaporators and crystallizers throughout the world have been implemented as wastewater treatment and 

recycling solutions -economically and reliably. EVALED™ heat pump vacuum evaporators, hot/cold water 

evaporators, and mechanical vapor recompression (MVR) systems offer clean, simple, and compact separation 

technology options for a wide range of difficult-to-treat industrial applications.  Evaporators are categorized 

by heating source, circulation method, and heat exchanger devices. The heating source for evaporation can be 

supplied by hot water, steam, thermal fluids, flue gases, and electrical energy – either directly through 

resistance, or indirectly with a heat pump or mechanical vapor recompression. Circulation methods include 

natural circulation, forced recirculation, scraped, and thin film. Direct heat exchange techniques include 

immersion heaters, submerged combustion, or submerged steam. Indirect heat exchange techniques include 

internal or external shell & tube heat exchangers, plate heat exchangers, or heating jackets[10]. 

 

4. Comparison of evaporation and other treatment methods 

 

Table 1. Details of wastewater treatment methods a [11- 40]. 

 Physical 

Treatment 

Biological 

Treatment 

Other chemical 

Treatment 

evaporation 

How it works Include processes 

where no gross 

chemical or biological 

Use 

microorganisms, 

mostly bacteria, in 

Chemicals are added to 

get precipitation of 

solids. 

The 

wastewater is 

evaporated at 

Water treatment technologies 

Primary (physical) Secondary (biological) Tertiary (chemical) 

Screening, filtration 

and centrifugal 

separation 

Sedimentation and 

gravity separation 

Coagulation 

Flotation 

Aerobic processes 

Anaerobic 

processes 

 

Distillation 

Electrolysis 

Adsorption 

Reverse osmosis 

Micro- and ultra-

filtration 

Ion exchange 

Precipitation 

Crystallization 

Evaporation 

Solvent 

extraction 

Oxidation 

Electrodialysis 
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changes are carried out 

and strictly physical 

phenomena are used to 

improve or treat the 

wastewater. 

the biochemical 

decomposition of 

wastewaters to 

stable end products. 

high 

temperature. 

Pure water 

condenses. 

Applicability  Screening, 

filtration and 

centrifugal 

Separation:  

Ss & Sl IOB  

 Sedimentation 

and gravity 

separation:  Ss 

IOB 

 Coagulation: 

Ss & Sl I 

 Flotation:    Ss 

IOB 

 Aerobic: 

Sl & Ss O 

 Anaerobic: 
Sl & Ss O  

 Distillation: Sl 

IOB 

 Crystallization: 

Sl IO 

 Solvent 

extraction:   Sl 

OV 

 Oxidation:   Sl 

IO 

 Precipitation: 

Sl IO  

 Ion Exchange : 

Sl IO 

 Micro- and 

ultra-filtration : 

Sl IOB 

 Reverse 

osmosis:      Sl 

IOB 

 Adsorption: Ss 

& Sl IOB 

 Electrolysis: Sl 

IO 

 Electrodialysis: 

Sl IO 

Sl & Ss IOB 

Suitability  Screening, 

filtration and 

centrifugal 

Separation:  

RSrT 

 Sedimentation 

and gravity 

separation:  

RSrT 

 Coagulation: 

RT 

 Flotation:    

RT 

 Aerobic: 

RT 

 Anaerobic: 

RT 

 Distillation: 

RT 

 Crystallization: 

RSrT 

 Solvent 

extraction:   

RSrT 

 Oxidation:   

RSrT 

 Precipitation: 

RT  

 Ion Exchange : 

RSrT 

 Micro- and 

ultra-filtration : 

RSrT 

 Reverse 

osmosis:      

RSrT 

 Adsorption: 

RSrT 

 Electrolysis: 

RSrT 

 Electrodialysis: 

RSrT 

RSrT 
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Chemical 

Consumption 

Chemicals are used for 

coagulation  and 

Flotation 

. 

Addition of some 

chemicals required 

for bacterial 

growth. 

Chemicals are used for 

Oxidation, Solvent 

extraction and 

precipitation. 

Chemicals 

used for 

cleaning 

only. 

Disposal Treated water to public 

sewer. 

Precipitation to 

Waste management. 

Treated water can 

be recycled to 

process or goes to 

public sewer. 

Retentate to waste 

management. 

Treated water can be 

recycled in process or 

discharged to surface 

water. Concentrate to 

waste management. 

Treated 

water can be 

recycled in 

process or 

discharged to 

surface 

water. 

Concentrate 

to waste 

management. 

Water 

Recovery 

_ 50-90 % 70-90 % 90-99 % 

Maintenance Low Low Low Very low 

Energy 

Consumption 

1-5 kWh/t cleaned 

water. 
20-36*10^4 
kWh/MGD. 

1-5 kWh/t cleaned 

water. 

8-50 kWh/t 

cleaned 

water. 

Costs (US$ 

per one 

million liters 

of treated 

water) 

 Screening, 

filtration and 

centrifugal 

Separation:  

25-450 

 Sedimentation 

and gravity 

separation:   

5-10 

 Coagulation: 

25-500 

 Flotation:     5-

25 

 Aerobic: 

20-200 

 Anaerobic: 

20-200 

 Distillation: 

15-2000 

 Crystallization: 

50-150 

 Solvent 

extraction:   

250-2500 

 Oxidation:   

100-2000 

 Precipitation: 

20-500  

 Ion Exchange : 

50-200 

 Micro- and 

ultra-filtration : 

15-400 

 Reverse 

osmosis:      20-

450 

 Adsorption: 

50-150 

Electrodialysis: 15-400 

15–200 

 

a 
Abbreviations: Sl: soluble, Ss: suspended, I: inorganics, O: organics, V: volatiles, B: biologicals, R: 

reclamation, T: treatment and Sr: source reduction. 
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5. Conclusion 

New treatment techniques for recovering water and valuable compounds from waste water at low costs are 

urgently needed. In recent years, great efforts have been made to develop new techniques and significant 

progress have been achieved. Evaporation is the new technique and Comparing with other techniques, 

evaporation technology has many advantages, such as high recovery rate (90-99 %), treated water is clean, free 

of salts, solids and particles, the treated water can be discharged as surface water or re-used as process water, 

water treated at high temperature, capability of recovering both high quality water and valuable salts at the 

same time,  For concentrated waste such as produced water, which can contain 150,000 ppm TDS (total 

dissolved solids) or more, evaporation is the only practical and proven economical method for water recovery 

and reuse, we can treat wastewater volumes from 100 kg/h to 100.000 kg/h, evaporation is the only  chemical 

method that used for treatment of wide range of pollutants,  , well proven technology, very low energy 

consumption, no consumption of other supplementary materials (membrane, catalyst, adsorbent, ion exchange 

resin, oxidant or reducing agent, etc) and then it’s environmentally sustainable and socially acceptable 

technique, the energy consumption is 8-40kWh/m3 treated water and then it’s economically affordable 

technique , good operational availability, low maintenance cost. Since the ‘‘Most Appropriate Technology’’ is 

the technology that is economically affordable, environmentally sustainable and socially acceptable, the 

evaporation method can be use as the best method for wastewater treatment. 
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