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 In line with the USEPA mission of encouraging, assisting and leading others to 
prevent pollution at the source and conserve natural resources – a critical step in 
achieving a sustainable society, this paper presents a critical analysis of the various 
volatile organic compound (VOCs) abatement technologies such as air stripping, 
adsorption, membrane technology, anaerobic/aerobic biological treatment, advanced 
oxidation processes; their applicability and limitations. The application of plasma 
technology and integrated (hybrid) systems were also discussed. In selecting the 
appropriate technology, the use of heuristic algorithm for analysis (SHTEFIE) for 
analyzing the various constraints in the selection process was presented. The 
following critical factors must be considered in choosing the appropriate technology 
for VOCs treatment; VOC characteristics (biodegradability, concentration, volatility 
and solubility); pronounced flexibility; high removal efficiency; low capital and 
operating cost; volume of VOCs to be treated and possibility of VOCs recycling. 
Design calculations for the various scenarios to determine process flow rates and 
equipment sizes must be performed and then determine the economics associated 
with each design scenario and choose the optimal design which is usually the least 
cost scenario. 
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INTRODUCTION 

 
Effluents from industries, contaminated ground-water and hazardous landfill leachate release volatile 

organic compounds (VOCs) into the surrounding air which are dangerous to human health and also trigger 
serious environment problems such as ozone layer depletion, offensive odour, photochemical smog and acid 
rain (Goldstein and Galbally, 2007; Zhu et al., 2008 and Inoue et al., 2011). Abdullah and Chian (2011) in their 
study of VOCs in drinking water in peninsular Malaysia detected 54 different VOCS species in the samples 
analysed from 11 states which were attributed to improper disposal practice. The result showed that the number 
of significant compounds detected increased with the extent of infrastructure growth in the state with Negeri 
Sembilan and Johor having the highest of 12 each. The contributory sources were identified to include 
pharmaceutical industries, pesticides, insecticides, paint industries, disinfection by-products, solvents, 
adhesives, cleaning agents, plastics manufacturing, resin and chlorinated rubber, dyes and petroleum products. 
A study by US Geological department from 1999 to 2000 shows that pharmaceutical by-products form 80% of 
the contaminants in 139 streams across 30 states (Kolpin et al., 2002 and Gupta et al., 2006).  

The worldwide scientific, political, social and economic transformations over the last few decades have 
prompted the need for a new approach to the practices of volatile organic compounds (VOCs) control. 
According to USEPA, “there is transition in environmental arena. Climate change has taken on a new sense of 
urgency, issues related to chemicals in products have gained more attention, and more businesses and consumers 
are looking to embrace more sustainable practices, both domestically and globally” (USEPA, 2009). 
Sustainability is a term often associated with environmentally friendly practices such as energy conservation, 
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recycling and the development of alternative energy sources. The mission of sustainability is focused on 
balancing environmental, economic and social concerns in order to “meet the needs of the present without 
compromising the ability of future generations to meet their own needs” (United Nations General Assembly, 
1987). Also, at the World Summit of 2005, the same assembly suggested that sustainability is the balance 
between the “three pillars of sustainability:” environmental, social, and economic factors (United Nations 
General Assembly, 2005). Addressing environmental degradation and ensuring environmental sustainability are 
inextricably linked to all methods of reducing VOCs from the environment. Therefore, sustainable technology in 
pollution control is now considered as a way for the industry to contribute to this larger effort of achieving 
sustainable development.   

Section 121 (b) of the Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA) mandates the Environmental Protection Agency (EPA) to select remedies that “utilize permanent 
solutions and alternative treatment technologies or resource recovery technologies to the maximum extent 
practicable” and to prefer remedial actions in which treatment “permanently or significantly reduce the volume, 
toxicity, or mobility of hazardous substances, pollutants, and contaminants as a principal element” (USEPA, 
2009). The conventional methods of treating VOCs from wastewater or contaminated groundwater include air 
stripping, adsorption, membrane technology, anaerobic/aerobic biological treatment; advanced oxidation 
processes (Mourad et al., 2012; Navaladian et al., 2007; Schutz, 2005; Ray et al., 2006). However, studies have 
reported the limitations of these conventional methods. In lieu of the above, sustainability is another concept 
that must be imbibed in our process industries by encouraging researches into more sustainable methods for the 
control of VOCs. Experimental and literature studies show that an economical solution to VOCs removal can be 
best achieved using a combination of technologies (Hammer, 1999).  

Selecting an appropriate technology for the treatment of VOCs from wastewater from a range of 
possibilities is the key to the successful operation. Although this is understood by many, people often 
underestimate how difficult the choice can be. The various constraints have been summed up into a concise 
acronym for analysis called ‘SHTEFIE’ criteria. This acronym stands for Social, Health, Technological, 
Economic, Financial, Institutional and Environmental constraints.  This heuristic algorithm for analysis was 
originally developed at Loughborough University as a tool for the evaluation of various development program 
alternatives (Tharakan, 2006). This paper therefore presents a critical analysis of the various VOCs abatement 
technologies, their applicability, limitations and the application of SHTEFIE criteria in choosing an appropriate 
technology. 

 
The Concept Of Appropriate Technology: 

According to Merriam-Webster dictionary, appropriate technology is defined as “technology that is suitable 
to the social and economic conditions of the geographic area in which it is to be applied, is environmentally 
sound, and promotes self-sufficiency on the part of those using it”. The concept of Appropriate Technology 
(AT) stemmed from the work (the book “Small is Beautiful – Economics as if people mattered”) of British 
economist Dr. Fritz Schumacher in the 1970s (Peterson, 2008). He argued that technology should be designed in 
ways that would promote health, beauty, and permanence. He was principally concerned with development in 
low-income countries, and recommended a technology that was aimed at helping the poor in these countries to 
do what they were already doing in a better way (Beder, 1994). Though the interpretation of appropriate 
technology varies between field and application, it is generally recognized as encompassing technological 
choice and application that is small-scale, decentralized, labour-intensive, energy-efficient, environmentally 
sound, and locally controlled (Hazeltine and Bull, 1999). Appropriate technology should therefore meets 
people's needs, help protect the environment, use local skills and materials, help people earn a living, be 
affordable and pave the way for a better future. Though it is well known fact that in any one solution not all the 
benefits mentioned is possible, or occur with equal weighting. Yet the involvement of the local community, use 
of local resources and local skills is at the heart of successful application of Appropriate Technology.  

It should be noted that not all technology is relevant and appropriate. For example, highly complex 
engineering solutions are sometimes imposed on unwilling local people. A state-of-the art tractor might enable 
higher productivity than a horse-drawn cart, but when the tractor breaks down, spare parts are not always 
available, nor are the skills to carry out the repair – a high technology solution becomes effectively useless. 
According to Steve Troy, the definition of "Appropriate Technology" changes with each situation. It's not 
appropriate to install solar modules in a place with very little sun, a wind generator in a place with little or no 
wind. What's appropriate in a large urban location is very different from what's appropriate in a remote, isolated 
environment. One quality that remains the same, however, is taking care of things. In each situation, the essence 
of appropriate technology remains appreciating, helping, caring. Planned obsolescence, throw-away products, 
poor quality all go against intelligent decision-making and the true spirit of appropriate technology (Troy, 2013). 

During the mid-1970s, the appropriate technology movement expanded from its initial focus on low-income 
countries to consider the problems in industrialized high-income countries (Beder, 1994). Advocates of 
appropriate technology in this case were concerned about social as well as environmental problems. That is the 
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use of technology and engineering that result in less negative impacts on the environment and society. In other 
words, technology should be both environmentally sustainable and socially appropriate (Huesemann and 
Huesemann, 2011). They include, for example, cleaner and resource efficient technologies which can decrease 
material input, reduce energy consumption and emissions, recover valuable by-products, etc. Though the 
appropriate technology movement has been going for more than thirty years in many countries, and today 
involves an extensive network of organizations, projects and field experiments, and an identifiable literature of 
its own, much still have to be done to influence the pattern of technology choice exercised by mainstream 
society. This is evident in the case of global warming been experienced in the world presently as a result 
emission of CO2. 

 
Vocs Treatment Technology Descriptions, Applicability And Limitations: 

Treatment of VOCs from wastewater can be accomplished either directly such as direct destruction of 
methanol in wastewater in a trickle bed reactor packed with a hydrophobic catalyst operated at a low 
temperature (60-80 oC) near atmospheric pressure or indirectly by separation which is then followed by thermal 
destruction or recovery (Chuang et al., 1992). The conventional methods of treating VOCs include air stripping, 
adsorption, membrane technology, electrochemical technology, anaerobic/aerobic biological treatment and 
bioreactor (Mourad et al., 2012; Navaladian et al., 2007; Schutz, 2005). Other methods include advanced 
oxidation processes and plasma technology, and integrated (hybrid) systems (Hammer, 1999; Chuang et al., 
1992).  

 
(a) Air Stripping: 

Air stripping is a technology that uses an air stripper for VOCs removal from wastewater by increasing the 
surface area of the contaminated water that is exposed to air and it is widely used for the removal of VOCs from 
wastewater in the process industries. It is commonly used due its simplicity and low cost of operation. Very high 
VOC removal efficiencies (over 99%) have been reported in the literatures for various VOCs, such as benzene, 
toluene, xylene, chloroform, 1,2-dichloroethane (DCE), 1,1,2-Trichloethane (TCE) using packed column air 
stripper (Chuang et al., 1992; Negrea et al., 2008; Nirmalakhandan et al., 1993; Zareei and Ghoreyshi, 2011).  
However, air stripping is only a mere phase separation and the off-gas from the air stripper may have to undergo 
further treatment (such as adsorption, catalytic oxidation or incineration) to meet the emission standards. Most 
often VOCs in air stripper exhaust are removed by vapour carbon adsorption (Ying et al., 1994). Also, air 
stripping is only very effective for high volatility compounds (high Henry’s law constant). Thus, the efficiency 
of air stripping depends on the Henry’s law constant of the organic compound to be removed. Compounds with 
low Henry’s law constant will require a much higher air/liquid ratio or steam stripping for effective removal 
(Zareei and Ghoreyshi, 2011; Lu et al., 2011). Wastewaters with high turbidity or high levels of iron, 
manganese, or carbonate may reduce removal efficiency due to scaling and the resultant channelling effects 
(USEPA, 1991. 

 
(b) Adsorption: 

Adsorption involves the passage of the VOCs through the solid adsorbent column, where they are adsorbed 
on the adsorbent. The adsorbed VOCs can then be recovered through a regeneration process using inert gas or 
steam. Examples of adsorbents are activated carbon, zeolites, silica gel and polymer resins. Activated carbon is 
extensively used as adsorbent due to the extended surface area, tailored pore distribution and high degree of 
surface reactivity and thus it is most effective for removing organic compounds including surfactants, pesticides, 
dyes, and aromatic molecules (Lu et al., 2011 and Navaladian et al., 2007 ). Liquid phase carbon adsorption is 
only suitable for low VOC concentrations in wastewater. The spent adsorbents are regenerated at a high 
temperature (> 900 0C). However, when VOCs are the major contributors to total organic carbon (TOC) of the 
wastewater liquid phase carbon adsorption with in-situ steam regeneration is the most logical choice (Ying et 
al., 1994). One limitation of adsorbents is that they usually become progressively saturated and inactive. 
Moreover, the saturated adsorbent itself becomes a hazardous waste that must be treated or dispose of properly. 
However, the adsorbent could be reused after an appropriate regeneration step. Two methods of exhausted 
adsorbent regeneration are thermal regeneration and solvent regeneration. The thermal regeneration is carried 
out at high temperature usually above 1073 K and therefore requires high energy consumption and considerable 
carbon loss, while solvent extraction has low regeneration efficiency because of adsorbent pores blockage (Lu et 
al., 2011). 

 
(c) Membrane Technology: 

Membrane technology is a separation process based on differences in size, shape, electrical discharge, 
concentration, partial pressure or solubility in membrane materials between components in mixtures (Peng et al., 
2003). The most suitable membrane processes for the removal of VOCs are pervaporation and gas permeation 
(Navaladian et al., 2007). According to Peng et al. (2003), the term pervaporation was coined from permeation 
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and evaporation which are the two major operations involved in the separation process. It is defined as a 
separation of liquid feed mixture by means of selective diffusion-vaporization through a non-porous membrane. 
The pervaporation system consists of a non-porous membrane in a particular module (arrangement or 
configuration), a feed pretreatment and delivery system, and a permeable condensation/recovery system. An 
application of pervaporation is in the removal of phenol from water. The feed water-phenol mixture containing 
more than 1000 ppm of phenol decreased to less than 100 ppm after passing through the membrane unit 
(Navaladian et al., 2007). Gas permeation is usually applied where the components to be separated are usually 
in gas phase. The conventional gas permeation technologies use silicone polydimethylsiloxane (PDMS) 
membrane which is highly selective for VOCs over inert gases like O2, N2. The available commercialized 
membrane units used utilize a thin silicone membrane on a microporous flat polymeric substrate in a spiral-
wound form or in the form of a flat leaf where the feed gas flows over the PDMS coating with the substrate side 
being at a lower pressure. Depending on the application, the partial pressure driving force for gas permeation 
through the membrane is created by either compressing the feed gas to above atmospheric pressure or pulling a 
vacuum on the permeate side. Currently, gas permeation technologies are most widely used in industry for 
hydrogen separation, for example, hydrogen/nitrogen separation in ammonia plants and hydrogen/hydrocarbon 
separations in petrochemical applications; Separating nitrogen from air; CO2 and water removal from natural 
gas; Organic vapour removal from air or nitrogen streams (Obuskovic et al., 2003). However, the high cost of 
membrane materials has avoided its application and development for bulk application (Zareei and Ghoreyshi, 
2011). 

 
(d) Electrochemical Method: 

The electrochemical method is a good alternative method for the treatment of VOCs because of the ability 
of electro catalysis to generate hydroxyl radicals makes. This technique has been extensively used for the 
treatment chloro organics because selective removal of chlorine atoms from their structure causes the reduction 
of the toxicity of chloroaromatics. The efficiency depends on the electrode material, and the substrate to be 
mineralized. For example electro catalytic degradation of chlorophene using  Fe3+/Fe2+ catalyst gives 99% 
conversion while 80% conversion was obtained during degradation of o, m, p,- chlorophenol using 0.048% 
Pd/Fe catalyst (Navaladian et al., 2007). 

 
(e) Biological Method: 

Certain microorganisms possess remarkable ability to digest organic substances such as fuels or solvents 
that are hazardous to humans. Biological methods therefore involve the use of microorganisms such as yeast, 
fungi, or bacteria to break down or degrade VOCs into less toxic or non-toxic substances (Schultz, 2005).  
Biodegradation is carried using microorganisms immobilized on organic media or inorganic structures or 
suspended in a liquid phase such as activated sludge. The advantages of this method include low capital and 
operating cost, destruction of VOCs into harmless products unlike air stripping and adsorption that are mere 
phase separation. Examples of application of this technology are biofilters, bioscrubbers, biotrickling filter and 
bioreactors (Navaladian et al., 2007). 

 
(f) Advanced Oxidation Processes:   

Since early seven 1970s, advanced oxidation processes (AOPs) have been used considerably to remove 
both low and high concentrations of organic compounds from diverse sources such as ground water, municipal 
and industrial wastewater, sludge destruction and volatile organic compound (VOC) control. These processes 
include UV radiation, gamma (γ) and electron beam radiation, sono-chemical technology, chemical oxidation 
using ozone and hydrogen peroxide and combination processes (UV/H2O2, UV/Ozone, UV/photocatalysis). 
AOPs completely mineralize organic compounds to carbon dioxide and water mostly by hydroxyl radicals. 
AOPs though have high capital and operating cost, are the only viable treatment methods for effluents 
containing refractory, toxic and non-biodegradable materials Ray et al., 2006. Sono-chemical technology (ultra 
sound irradiation) is a well-known advanced oxidation technique for wastewater treatment. It combines 
destruction of the target compounds by free radical reaction and thermal cleavage, thereby producing chemical 
effect through the phenomenon of cavitation (Abu Hassan et al., 2006; Tharakan, 2006; Kim et al., 2007). Ultra 
sound irradiation produces acoustic cavitation which possesses temperatures of 5000oC and pressures of 1000 
bar that decomposes water molecules into HO. and H. These lead to either the pyrolysis of the VOCs inside the 
bubbles or hydroxylation at the interface and in the bulk of the liquid phase (Navaladian et al., 2007). 

 
(g) Plasma Technology: 

Plasma can be defined as an ionized gaseous state of matter referred to as the fourth state of matter 
(Nehra et al., 2008). As the temperature increases and the molecules become more energetic, which lead to a 
phase change from solid, liquid, gas and finally to plasma. Two classes of plasma exist based on the operating 
pressure and gas temperature. They include thermal plasma and non-thermal plasma. For more than two decades 
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now, a lot of researches have been carried out on the application of non- thermal plasma technology (NTP) for 
the treatment of VOCs (Vaidyanathan et al., 2001; Li et al., 2011; Hammer, 1995; Zhu et al., 2011). This is due 
to its numerous advantages over the other conventional methods. These advantages include, low gas 
temperature, high electron energy, moderate system size, ease of operation and environmentally harmless off-
gas (Chuang, 1993; Jim, 2010; Vandenbroucke et al., 2011; Magureanu et al., 2005; Meischsner, 1999). The 
limitation of this method is that it is only suitable in gas phase applications. Liquid phase electrical discharge 
reactors have also been investigated and are being developed for several applications in drinking water and 
wastewater treatment. Generally, strong electric fields when applied to water (electrohydraulic discharge) 
initiate both chemical and physical process such as shock waves, cavitation, light emissions (Locke et al., 2006). 
However, the high density of liquid prevents electrons from accelerating and to undergo dissociative collision 
unless, the electric field is several orders of magnitude higher compared to plasma’s at atmospheric pressure, 
therefore, electron avalanches are almost impossible inside a liquid because of low mobility and high 
recombination rate Vandenbroucke et al., 2011; Locke et al., 2006). Also, there are reports of some cases of 
harmful by-products formation due to incomplete destruction of the VOCs (Creghton, 1997; Anders et al., 
1997).  
 
(h) Integrated Vocs Treatment Processes:  

Based on the shortcomings of the various VOC treatment discussed in sections 4 and 5, different scenarios 
of the integrated treatment systems of the VOCs from wastewater have been developed to ameliorate these 
shortcomings.  

 
(i) Air Stripping And Oxidation System: 

Studies have suggested the use of a two-step process, combining air stripping column with catalytic reactor. 
In this system, the VOCs from the air stripper is passed through a catalytic reactor where is decomposed as 
shown in Figure 1.  

 
Fig. 1: Recycle and non-recycle two-step process for the elimination of VOCs from wastewater (Chuang et al., 

1992)   
 
Chuang et al., 1993 obtained over 95% conversion of benzene, toluene and xylene (BTX) at 130 0C using 

hydrophobic catalyst. Decontamination of groundwater treatment using air stripping and oxidation of the VOCs 
was also successfully demonstrated in Hanford site, USA (Hammer, 1999). The limitation of this technology is 
high operating cost. The water-laden air stripping effluent stream temperature is usually far below that required 
for effective catalytic destruction as the hydrophobic catalyst requires temperatures of 130 0C or higher. The 
recycling allows for further treatment where the residual VOCs in the treated effluent water from air stripper 
may be above local or regional drinking water standards. 

 
(ii) Air Stripping And Adsorption System:  

This technology can be employed in two different ways as shown in Figure 4.  
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Fig. 2: Integrated air stripping and adsorption column (Worrall and Zuber, 1996)  

 
The first is to further treat the effluent water from the air stripper. This is achieved by combining air 

stripping and granular activated carbon (GAC) adsorption. The system is advantageous especially for cases 
where the residual VOCs in the treated effluent water from air stripper may be above local or regional drinking 
water standards, thereby necessitating a “polishing” step prior to use or discharge. This has been successfully 
used in the removal of trichloroethylene (TCE) from water supply in Rockaway Township, New Jersey (Russell 
et al., 1992). The second scenario is air stripping of the wastewater followed by VOC adsorption from VOC 
laden gas from the air stripper. This has been successfully used in the treatment of benzene, toluene, ethyl 
benzene and xylene (BTEX) from refinery wastewater (Worrall and Zuber, 1996).   

 
(iii) Ntp Reactor And Catalytic Oxidation: 

Another very effective and energy efficient method of VOCs decomposition is the combination of discharge 
plasma with catalyst such as ozone, photocatalyst, adsorption catalysts etc (Locke, 1997; Kusic et al., 2005; Zhu 
et al., 2011; Bian, 2009; Inoue, 2011; Demidiouk et al., 2003; Grothaus and Fanick, 1996). However, the 
effectiveness of this process is limited to single VOC species because of the selectivity of the catalyst. Also the 
catalysts are susceptible to poisoning which can cause the reaction to stop prematurely (Grothaus and Fanick, 
1996; Zhang at al., 2009; Zhu et al., 2008).  
 
Air Stripping And Vapour Permeation System: 

This hybrid process consists of an air stripping process in packed column and membrane based permeation 
developed by Zareei and Ghoreyshi, 2011 which combines the advantage of simple operation in an air stripper 
and high efficiency of vapour permeation process for VOCs recovery from air stripping exiting stripper. The 
driving force in this process is a chemical potential gradient generated by partial pressure reduction on the 
permeate side, which can be accomplished either by applying vacuum or blowing a seep inert gas (Zareei and 
Ghoreyshi, 2011). Vapour permeation through membranes offers significant opportunities of energy saving and 
reuse of VOCs compared to the other conventional methods. 

 
(h) Air Stripping -Non Thermal Plasma System: 
 

To overcome some of the limitations of the various technologies highlighted above, a new approach “AIR 
STRIPPING -NON THERMAL PLASMA SYSTEM” is proposed as shown in Figure 3 below. 
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Fig. 3: Air stripping and Non-thermal plasma system 

 
The air stripping- NTP system will consist of two major units namely, air stripping unit and ferroelectric 

packed bed NTP reactor. Air and the wastewater will be passed through the air stripping column in a counter 
current operation where the VOCs will be stripped from the wastewater by the air. The VOCs rich air will then 
collected at the top while the treated water passes out at the bottom and may be recycled or discharged through 
the drain. VOCs rich air from the air stripper will then be passed through the ferroelectric packed bed NTP 
reactor where the VOCs will then be decomposed. The integrated air –NTP system is shown in Figure 5. This is 
due to the numerous advantages of NTP among which is removal of VOCs even at relatively low concentrations 
(<1000ppm) [52]. Other advantages include, moderate operating condition (low operating temperature and 
atmospheric pressure), high electron energy, moderate system size, ease of operation and environmentally 
harmless off-gas (Chuang, 1993; Magureanu et al., 2005; Roland et al., 2005). According to Vandenbroucke et 
al., 2011, the major disadvantage of these conventional methods is they become cost inefficient and difficult to 
operate when low concentrations of VOCs need to be treated. For instance, applying catalytic oxidation at 
sufficiently high VOCs concentrations, the exothermic reaction results in a self-sustained process, however, at 
low concentrations additional heating has to be supplied in order to maintain the catalytic incineration process 
(Francke et al., 2000). 

 
Table 5: Summary of treatment methods of VOCs from industrial wastewater 

Method Advantage Disadvantage References 
Air stripping -Very high VOC removal efficiencies (over 

99%) 
-Simple technology 
- VOC is recovered 

-Off gas needs further treatment. 
-Good for only compounds with 
high Henry’s law constant 
-wastewater with high turbidity 
and salt content causes scaling 

Chuang et al., 1992; 
Negrea et al., 2008; 
Nirmalakhandan et al., 
1993; Zareei and 
Ghoreyshi, 2011; 
USEPA, 1991 

Adsorption -VOC is recovered 
-Low capital cost 

-Need to regenerate carbon 
-Need to reduce humidity 
-Low removal efficiency 
-Good for low boiling point VOCs 

Ying et al., 1994; Lu 
et al., 2011;  
Navaladian et al., 
2007 

Membrane 
technology 

-VOC is recovered -High membrane cost Zareei and Ghoreyshi, 
2011; Peng et al., 2003 

Electrochemical 
method 

-Good for treatment of chlorinated VOCs -Efficiency depends on the type of 
electrode and substrate 

Navaladian et al., 2007 

Biological method -Low capital and operating cost 
-Destruction of VOCs into harmless products 
-operation flexibility to handle wide range of 
flows and wastewater characteristics 
-reduce inorganic compounds such as 
sulphides and ammonia, and total nitrogen 
through denitrification 

-Biological decomposition is slow 
-not effective for treatment of 
chlorinated VOCs 
-Biological treatment is affected 
by temperature changes in winter 
and summer 

Melcer, 1994; Schultz, 
2005 

Advanced 
oxidation 
processes 

- complete conversion of VOCs into CO2 and 
water. 
-Very effective for effluents containing 
refractory, toxic and non-biodegradable 
materials. 

-High energy cost 
-Limited durability of UV lambs 
-UV stability of many compounds 

Kutzer et al., 1995; Ray 
et al., 2006 

 
Selecting An Appropriate Technology: 

There are numerous appropriate technologies that exist for VOCs treatment. Many of these have been 
developed and used for years as discussed in the earlier section. According to Par and Shaw, the initial selection 
of an appropriate technology from a range of possibilities is the key to the successful operation of any facility 
(Par and Shaw, 2013). Although this is understood by many, people often underestimate how difficult the choice 
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can be. To choose the right method requires the understanding of the various techniques and to evaluate them 
based on your requirement. Selection of the best disposal method is dependent on VOC characteristics 
(biodegradability, concentration, volatility and solubility), pronounced flexibility, high removal efficiency, low 
capital and operating cost, volume of VOCs to be treated and possibility of VOCs recycling. When a single 
VOC is present in high concentration, a separation/recovery method is preferred, while a destruction method 
may be best for disposal of mixed VOCs (Tharakan, 2006; Verharen and Tharakan, 2010). The following stages 
are involved in the selection of appropriate technology for any given process (Par and Shaw, 2013).  
 
Stage 1: Objectives: 

The purpose of the process must be established. This will involve spelling out clearly what you want to 
achieve and why? Is it achievable, is it a realistic goal, and is it the main problem? There may be need to 
prioritize the problems. This stage is often underestimated or taken for granted. 
 
Stage 2: Analysis: 

The constraints on the proposed development have to be identified and this can only be done by looking at 
the particularities of the individual case. Often, physical constraints such as water resources and land availability 
will be taken into account, but other fundamental factors which contribute to the success or failure of a scheme 
are not adequately addressed. The various constraints have been summed up into a concise acronym for analysis 
called ‘SHTEFIE’ criteria. This acronym stands for Social, Health, Technological, Economic, Financial, 
Institutional and Environmental constraints.  This heuristic algorithm for analysis was originally developed at 
Loughborough University as a tool for the evaluation of various development program alternatives. Once this 
analysis is completed and all the various elements that would impact the success of a particular technology 
choice have been evaluated and assessed, it is then possible to make a decision on technology selection 
(Tharakan, 2006; Verharen and Tharakan, 2010). A check list of factors to be considered may be drawn from 
these groupings. Checklist items serve as reminder of the step to be taken during selection. It should be noted 
that checklist items must be applied in the context of collective professional practices and correct use of the 
checklist items is a matter of professional judgment rather than algorithmic rule of application (Par and Shaw, 
2013). 
 
Stage 3: Output: 

The output will clearly answer the question as to what particular technology is appropriate, given the 
problems and constraints of the particular context. 
 
Conclusion: 

The adverse effects of VOCs on the environment cannot be over emphasized. This research has shown that 
there has been a tremendous advancement in the technologies for the abatement of VOCs over the years. Early 
concepts were based on end-of-the-pipe treatment where pollution control units will be installed to reduce the 
composition of contaminants in waste streams to acceptable levels. Most of these units employ destructive 
techniques that convert the contaminants into more benign species (e.g. incineration, biotreatment, etc.). 
However, with increasing awareness on sustainability, the chemical process industries have shown a strong 
interest in implementing recycle/reuse policies in which pollutants are recovered from terminal streams 
(typically using separation processes) and reused or sold. This has prompted researches into the design of 
separation networks for waste recovery. In particular, integrated or hybrid systems were developed to 
systematically accomplish this objective. 

The application of advanced oxidation processes and plasma technology provide a cost and energy efficient 
alternative to other destructive methods such as incineration.  NTP is also suitable for the removal of VOCs 
even at relatively low concentrations (<1000ppm) which will require additional heating with catalytic 
incineration process. The extra fuel burnt also constitute environment hazard. In selecting the appropriate 
technology, it must be recognized that several process scenarios exist for satisfying a desired separation task and 
therefore must consider the following critical factors: VOC characteristics (biodegradability, concentration, 
volatility and solubility); pronounced flexibility; high removal efficiency; low capital and operating cost; 
volume of VOCs to be treated and possibility of VOCs recycling. Design calculations must be performed for 
each scenario to determine process flow rates and equipment sizes, and to determine the economics associated 
with each design scenario and then choose the optimal design which is usually the least cost scenario. 
 

REFERENCES 
 
Abdullahi, M.P., S.S. Chian, 2011. Chlorinated and non-chlorinated-volatile organic compounds (VOCs) in 

drinking water of peninsular Malaysia, Sains Malaysiana, 40(11): 1255-1261. 



111                                                     Abdullahi Mohammed Evuti et al., 2013 
Australian Journal of Basic and Applied Sciences, 7(12) Oct 2013, Pages: 103-113 

 
Abu Hassan, M.A., J.K. Kim, I.S. Metcalfe, D. Mantzavinos, 2006. Kinetics of low frequency sono-

degradation of linear alkylbenzene sulfonate solutions, Chemosphere, 62: 749-755. 
Anders, S., T.H. Teich, E. Heinzle, K. Hungerbhler, 1997. VOC treatment with non-thermal plasma, 

Lecture given at the 4th int. conf. on advanced Oxidation technologies for water and air Remediation AOTs-4, 
Orlando, pp: 60. 

Beder, S., 1994. The Role of Technology in Sustainable Development, Technology and Society winter, 
13(4): 14-19.  

Bian, W., X. Ying, J. Shi, 2009. Enhanced degradation of p- chlorophenol in a novel pulsed high voltage 
discharge reactor, Journal of Hazardous Materials, 162: 906-91. 

Chuang, K.T., 1993. US patent No. 5190668, Retrieved on 1st October, 2011 from 
http://www.freepatentonline.com 

Chuang, K.T., S. Cheng, S. Tong, 1992. Removal and destruction of benzene, toluene and xylene from 
wastewater by air stripping and catalytic oxidation. Industrial engineering chemical research, 31: 2466-2472. 

Creyghton, B., 1997. Direct plasma treatment of polluted water, 4th int.conf. on advanced oxidation 
technologies for water and air Remediation AOTs-4, Orlando, FL. pp: 58. 

Demidiouk, V., S. Moon, J. Chae, D. Lee, 2003. Application of a plasma-catalyst for decomposition of 
volatile organic compounds, Journal of Korean Physical society., 2: 966-970. 

Francke, K.P., H. Miessner, R. Rudolph, 2000. Plasma-catalytic treatment of complex VOCs in a ground 
water cleaning facility, Proc. XIII. Int. Conf. on Gas Discharges and their Applications, Glasgow, 2: 676-679. 

Global spec. Air strippers. Global spec inc. USA, 2011. Retrieved from  http://www.globalspec.com 
Goldstein, A.H., I.E. Galbally, 2007. Known and unexplored organic Constituents in the earth’s 

atmosphere, Journal of environmental Science and technology, pp: 1515-1521. 
Grothaus, M.G., R.E. Fanick, 1996. Harmful Compounds Yield to Non Thermal Plasma Reactor, 

Technology Today, Spring edition, Southwest Research Institute, USA. 
Gupta, S.K., S.K. Gupta, Y. Hung, 2006. Treatment of Pharmaceutical Waste, Taylor and Francis Group, 

LLC, pp: 167-233. 
Hammer, T., 1999. Application of plasma technology in environmental techniques, Contributions to plasma 

physics, 39(5): 441-462. 
Hazeltine, B., C. Bull, 1999. Appropriate Technology: Tools, Choices, and Implications, New York 

Academic Press, 3: 270.  
Huesemann, M.H., J.A. Huesemann, 2011. Technofix: Why Technology Won’t Save Us or the 

Environment, Chapter 13, “The Design of Environmentally Sustainable and Appropriate Technologies”, New 
Society Publishers, Gabriola Island, British Columbia, Canada, pp: 464. 

Inoue K., H. Okano, Y. Yamagata, K. Muraoka, Y. Teraoka, 2011. Performance Tests of newly developed 
adsorption/plasma combined system for decomposition of volatile organic compounds under continuous flow 
Conditions, Journal of environmental science, 23(1): 139-144. 

Jim, O., 2010. Methods to control air pollution, Demand media inc. USA, http:// Methods to control air 
pollution.html 

Kim, I., C. Huang, 2007. Sonochemical Process for the Removal of DBPS and Precursor in Water, Journal 
of Environmental Engineering Management, 17(1): 39-48. 

Kolpin D.W., E.T. Furlong, M.T. Meyer, E.M. Thurman, S.D. Zaugg, L.B. Barber, H.T. Buxton, 2002. 
Pharmaceuticals, hormones and other Organic wastewater contaminants in US streams, 1999-2000: A national 
Reconnaissance, Environmental Science and Technology, 36: 1202-1211. 

Kusic, J., N. Koprivanac, B.R. Locke, 2005. Decomposition of phenol by gas/liquid electrical discharge 
reactors with zeolite catalysts, Journal of Hazardous materials, B125: 190-200. 

Kutzer, S., H. Wintrich, A. Mersmann, 1995. Air Stripping - A method for treatment of wastewater, 
Chemical Engineering Technology, 18: 149-155.   

Li, J., S. Han, S. Bai, X. Shi, S. Han, H. Song, Y. Pu, X. Zhu, W. Chen, 2011. Effect of Pt/g-Al2O3 Catalyst 
on Non-thermal Plasma Decomposition of Benzene and by products, Environmental engineering science, 28(6): 
395-403. 

Locke, R.B., M. Sato, P. Sunka, M.R. Hoffmann, J.S. Chang, 2006. Electrohydraulic discharge and non-
thermal plasma for water treatment, Industrial engineering chemical resources, 45: 882-905. 

Lu, N., J. Li, X. Wang, T. Wang, Y. Wu, 2011. Application of Double-Dielectric Barrier Discharge Plasma 
for Removal of Pentachlorophenol from Wastewater Coupling with activated Carbon Adsorption and 
Simultaneous Regeneration, Plasma chemistry plasma process, DOI 10.1007/s11090-011-9328-x. 

Magureanu, M., N.P. Mandache, P. Eloy, M. E. Gaigneaux, Parvulescu, V.I. 2005. Plasma assisted catalysis 
for Volatile organic compounds abatement, Applied Catalysis B: Environmental, 61: 12-20. 

Meichsner, J., 1999. In situ characterization of polymer surfaces and thin films in plasma processing, 
Contribution to plasma physics, 39(5): 427-439. 



112                                                     Abdullahi Mohammed Evuti et al., 2013 
Australian Journal of Basic and Applied Sciences, 7(12) Oct 2013, Pages: 103-113 

 
Melcer, H.K., 1994. Advances in water treatment technology: Monitoring and Modeling VOCs in 

Wastewater Facilities. Environmental Science and Technology, 28(7): 328A-335A. 
Mourad, K., R. Berndtsson, W. Abu-Elsha’r, M.A. Qudah, 2012. Modelling tool for air stripping and 

carbon adsorbers to remove trace organic contaminants, Int. Journal of thermal and environmental engineering, 
4(1): 99-106. 

Navaladian S., C.M. Janet, B. Viswanathan, R.P. Viswanath, 2007. On the possible treatment procedure for 
organic contaminants, Research signpost, 37/661(2): 1-51. 

Negrea, P., F. Sidea, A. Negrea, L. Lupa, M. Ciopec, C. Muntean, 2008. Studies regarding the benzene, 
toluene and o-xylene removal from wastewater, Chem Bull. “POLITEHNICA” Univ. (Timisoara), 53(67): 144-
146. 

Nehra, V., A. Kumar, H.K. Dwivedi, 2008. Atmospheric non thermal plasma sources, International journal 
of engineering, 2(1): 53-68. 

Nirmalakhandan, N., R.E. SPeece, J.L. Peace, W. Jang, 1993. Operation of counter current air stripping 
towers at higher loading rates, Water resources, 27(5): 807-813. 

Obuskovic, G., S. Majumdar, K.K. Sirkar, 2003. Highly VOC-selective hollow fiber membranes for 
separation by vapor permeation, Journal of membrane science., 217: 99-116.  

Parr, J., R. Shaw, 2013. Choosing an appropriate technology, Retrieved on 1st June, 2013 from 
www.lboro.ac.uk/departments/cv/wedc/ 

Peng, M., L.M. Vane, S.X. Liu, 2003. Recent advances in VOCs removal from water by pervaporation, 
Journal of Hazardous materials, B98: 69-90. 

Peterson, M.J., 2008. Appropriate Technology. International Dimensions of Ethics Education in Science 
and Engineering, Retrieved from www.umass.educ/sts/ethics. 

Ray, M.B., J.P. Paul, L.K. Wang, S.O. Pehkonen, 2006. Advanced oxidation processes, Handbook of 
environmental engineering, 4: 463-481. 

Roland, U., F. Holzer, E.D. Kopinke, 2005. Combination of non-thermal plasma and heterogeneous 
catalysts for oxidation of volatile organic compounds part 2: Ozone decomposition and deactivation of gamma 
Al2O3, Applied catalysis B: Environmental, 58: 217-226. 

Russsell, H.H., J.H. Matthews, G.W. Sewell, 1992.  EPA Ground Water Issue: TCE removal from 
contaminated soil and ground water, A publication of United States Environmental Protection Agency, 
EPA/540/S-92/002.  

Schultz T.E., 2005. Biotreating process waste water: Airing the options. Chemical Engineering magazine, 
Retrieved from http://www.che.com. 

Tharakan, J., 2006. Appropriate Technologies for Water Use and Conservation in Public Health, Proc. Of 
2nd Intl. Conf. on Appropriate Technology, National University of Science and Technology, Bulawayo, 
Zimbabwe, pp: 87-92.  

Troy, S., 2013. What is appropriate technology? Jade Mountains inc. Retrieved on 9/3/2013 from 
www.gdrc.org/techtran/appro.tech.html 

United Nations General Assembly, 1987. Report of the World Commission on Environment and 
Development: Our Common Future,  http://www.un-documents.net/ocf-02.htm.  

United Nations General Assembly, 2005. 2005 World Summit Outcome, Resolution A/60/, 
http://unpan1.un.org/intradoc/groups/public/documents/un/unpan021752.pdf. 

USEPA, 1991. Engineering Bulletin: Air stripping of aqueous solutions, Publication of US Environmental 
Protection Agency, Retrived from http://www.epis.epa.gov/exe/zyNet. 

USEPA, 2009. United states Environmental Protection Agency, Promoting pollution prevention to achieve 
sustainability: Strategic plan for the US Environmental Protection Agency’s pollution prevention program, 
2009-2014, Washington DC. 

Vaidyanathan, A., J. Mulholland, J. Ryu, S.S. Smith, L.J. Circeojr, 2007. Characterisation of fuel gas 
products from the treatment of solid waste Streams with a plasma arc torch, Journal of Environmental 
Management, 82: 77-82. 

Vandenbroucke, A.M., R. Morent, N.D. Geyter, C. Leys, 2011. Non- thermal plasmas for non-catalytic and 
catalytic VOC abatement, Journal of Hazardous materials, doi:10.1016/j.jhazmat.2011.08.060. 

Verharen, C.C., J. Tharakan, 2010. An Appropriate Technology Checklist. Proceeding of 4th International 
Conference on Appropriate Technology,  Accra, Ghana, pp: 36-42 

Worrall, M., I. Zuber, 1996. Control of VOCs from refinery wastewater. Process optimization conference 
Houston, TX, pp: 1- 4. 

Ying, W., R.R. Bonk, S.C. Hannam, Q. Li, 1994. Final disposal of VOCs from industrial wastewaters. 
Environmental Progress, 13(3): 192-201. 

Zareei, F., A.A. Ghoreyshi, 2011. Modeling of air stripping-vapour permeation hybrid process for removal 
VOCs from wastewater and VOCs recovery, World applied science journal, 13(9): 2067-2074. 



113                                                     Abdullahi Mohammed Evuti et al., 2013 
Australian Journal of Basic and Applied Sciences, 7(12) Oct 2013, Pages: 103-113 

 
Zhang, J., J. Chen, X. Li, 2009. Removal of phenolic compounds in water by low temperature plasma: A 

review of current research, Journal of water Resources and protection, 2: 99-109. 
Zhu, T., J. Li, Y. Lang, G. Ma, 2008. Decomposition of benzene by non-thermal processing: Photocatalyst 

and ozone effect, International Journal of Environmental Science and Technology, 5(3): 375-384. 
Zhu, T., W. Yandong, F. Yan, Z. Chunhui, H. Xuwen, X. Dongyao, S. Xinqian, 2011. VOCs removal using 

adsorption-enhanced non-thermal Plasma technology, IEEE, 9780-1-4244-5089-3/11. 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


