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ABSTRACT 

Wastewater consists of valuable resources that could be recovered or reused. Still it is under threat 

because of ineffective wastewater management and systems. In Thailand, wastewater produced 

can be treated less than 25%, which means more than 75% of wastewater is inadequately treated 

and sent back directly into body rivers or the environment. Furthermore, the technologies that have 

been applied may be inefficient and unsustainable. Sense, efficiency, sustainable and simplicity 

are important concepts when designing an appropriate wastewater treatment system in developing 

countries. Wastewater treatment system should be appropriateness, effectiveness, sustainability, 

and straightforwardness. 

The objectives of this study are to review and evaluate wastewater treatment technologies and 

propose a method to improve or select an appropriate technology. An expert system in Excel® 

program is developed to find out the best solution. Sensitivity analysis is applied to compare and 

assess uncertain factors. Due to the different conditions of each area, the key factor of interest is 

varied. Furthermore, Robust Decision Making tool is applied to find out the best way to improve 

existing wastewater treatment facility and to choose the most appropriate wastewater treatment 

technology.  

The major conclusions supported by the results of this study are: 

1. Thailand should improve wastewater treatment systems by implementing an expert system 

to help selecting a new technology  

2. A technology should be local fitness, efficiency, sustainability, and uncomplicatedness. 
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Chapter. 1 INTRODUCTION 

1.1. Background 

Wastewater is one of today’s most important environmental issues that causes severe problems to 

humans, animals, and the environment caused by improper management and technologies. 

Wastewater is a combination of domestic, commercial, industrial, and agricultural discharge. It 

contains pollutants and contaminants, including nutrients, microorganisms, chemicals and other 

toxins. These pollutants can cause health and environmental problems when wastewater is released 

into body rivers improperly (Secretariat, 2014). However, wastewater also contains reusable 

resources such as water, carbon and nutrients that could be recovered or reused (Crawford, 2010). 

Therefore, they require appropriate treatments for removal of pollutants to meet the effluent 

regulatory standards. Moreover, the processes should focus on resource recovery to minimize 

carbon footprint, and to be self-sustainable (Crawford, 2010). 

Wastewater treatment is a process of combining a series of physical, chemical, and biological 

treatments, which returns the safe water back into the environment so that people can use rivers 

for fishing, traveling, swimming, drinking and other activities. Since the wastewater issue is 

critical, many engineers and scientists have been developing new technologies to figure out an 

efficient system to solve this problem. Basic wastewater treatment systems reduce organic 

compounds and suspended solids to meet the effluent permit standards. The advancement of 

technology has developed treatment processes, which can remove dissolved organic matter and 

toxic substances. At present, an improvement of scientific knowledge and consciousness about the 
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world environment has led to new technologies and systems, which can reduce pollutions in 

wastewater and recycle energy with the goal of zero discharge of pollutants (Pollution Issues, n.d.). 

Since many developing countries have been growing rapidly, there is a lot of wastewater produced 

every day. However, developing countries still have problems with wastewater contamination. The 

problem results from weak regulations, improper management, economic situation, and selecting 

unsuitable technologies. Selecting suitable technology is crucial to solve the problem. Thus, the 

primary objective of this research paper is to consider the appropriate wastewater technology to 

be used in Thailand. In addition, it also suggests new methods and sustainable practices that can 

be used long-term to improve the overall wastewater treatment in the country. 

1.2. Problem Statement 

The most important challenge in wastewater management in developing countries nowadays is the 

application of low cost wastewater treatment technologies that can produce the effective effluent 

to meet the regulatory standard for domestic, agricultural, and industrial purposes (Jhansi, 2013). 

The essential goal of wastewater treatment is to prevent the spread of diseases. There are other 

goals, which today’s world are concerning, including nutrient recovery, water reuse, decreased of 

using water resources. Therefore, traditional wastewater treatments need to be changed into 

sustainable treatments to promote the conservation of environmental resources to achieve today’s 

overall goals of wastewater treatment.  

“Needs are growing, resources are scarce, previous management systems have failed, and 

traditional techniques and solutions are not rapid, efficient, or cost-effective enough to solve the 
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wastewater management problems developing countries are facing (Crawford, 2010).” In Thailand, 

the estimated total wastewater produced is about 14,000,000 m3day. However, Thailand has only 

101 wastewater treatment plants throughout the country, which can treat only 3,200,000 m3/day. 

This means the wastewater can be treated about 23% from all wastewater generated. Furthermore, 

the wastewater treatment systems in Thailand have had a discouragingly low impact due to less 

than five treatment facilities are effective (Crawford, 2010). The untreated or inadequately treated 

wastewater can negatively affect the use of drinking water, domesticity, recreation, transportation, 

and commerce (Pollution Issues, n.d.).  

Wastewater can contain pathogenic microorganisms, resulting in spreading diarrheal diseases. The 

result from direct discharge untreated wastewater, which containing the infection causes serious 

health problems to humans. Additionally, the contamination of excessive nutrients, such as 

nitrogen and phosphorus, when it is released into natural water resources, leading to extreme plant 

growth or eutrophication. This situation causes oxygen depletion and may release toxic substances 

into the water. It will decrease biodiversity of animals and causes water deterioration in those areas. 

These wastewater problems affect all humans, aquatic animals, and the environment. 

1.3. Research Objectives 

The objectives of this study are to evaluate the capability of the wastewater treatment facilities in 

Thailand and propose an expert system to improve the plants by addressing the efficiency, 

affordability and sustainability of the systems. The main objectives of the research are to: 

1. Gather and analyze information of the existing wastewater treatment systems in Thailand;  
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2. Identify the problems and issues associated with the Thailand wastewater treatment 

systems using data from previous studies; 

3. Develop a set of decision criteria and indicators for selecting the best wastewater 

treatment process under difference conditions; 

4. Analyze alternative wastewater treatment technologies that are suitable for Thailand; 

5. Implement the Robust Decision Making tool to determine the best wastewater treatments 

of a wastewater of interest by developing an expert system in an Excel® program; and  

6. Propose the methods of improving the sustainability in Thailand’s wastewater treatments. 

1.4. Research Scope 

The scope of this study is depicted in Figure 1.1. in order to select an appropriate wastewater 

treatment technologies. First step is to evaluate the existing wastewater facilities in Thailand by 

focusing on three important criteria, performance, cost, and sustainability. Performance includes 

two important factors, reliability and simplicity. Cost includes an initial cost and operation and 

maintenance costs. Resource recovery, energy management, and solid volume reduction are three 

main concepts of sustainability. After considering these three main factors. The study will analyze 

sustainable alternative wastewater technologies and propose an expert system to improve and 

select the most suitable wastewater system. 
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Figure 1.1 Research Scope 

 

1.5. Outcomes of the Research 

The results of this research are to: 

1. Gather and review common wastewater treatment processes.  

2. Analyze and compare the existing wastewater treatment systems in Thailand. 

3. Propose an expert system to choose sustainable wastewater treatment technologies.  

Evaluating the existing 

wastewater treatment plants 

Performance Cost Sustainability 

The sustainable alternative wastewater 

treatment technologies 

The approach to improve the 

wastewater treatment plants 

• Resource recovery 

• Energy management 

• Solid volume reduction 

• Reliability 

• Simplicity 

• Initial cost 

• O&M costs 
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Chapter. 2 LITERATURE REVIEW 

In order to corroborate the theoretical validation for the research, this chapter provides four main 

topics to review. The first topic reviews wastewater treatment, which is separated into several parts 

such as characteristics of wastewater, wastewater treatment systems, unit operation of pretreatment 

and other wastewater treatment stages. The second topic reviews many case studies of alternative 

sustainable wastewater treatment systems in many countries. The third topic is the criteria for 

determining appropriate sustainable wastewater technologies, which include performance, cost, 

and sustainability considering energy efficiency and pollution issues. The last topic focuses on a 

method for selecting sustainable technologies in this research. This chapter presents the general 

knowledge of wastewater treatment, the alternative sustainable systems, and the method and factor 

so as to choose appropriate technologies, which are important to know, revise and be aware.  

2.1. Wastewater Treatment 

Wastewater is considered as a nuisance that must be managed, controlled and treated before 

discharge back into body rivers (Stovall, 2007). “Wastewater contains reusable water, carbon 

(energy) and nutrients (nitrogen, phosphorus, and sulfur) that could be recovered or reused 

(Crawford, 2010)”. There are many wastewater treatment systems and each system has different 

pros and cons. The following sections focus on revising typical wastewater treatments and general 

information of wastewater. 

2.1.1. Characteristics of Wastewater  

There are various types of wastewater, which include domestic, industrial, commercial, and 
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agricultural (Secretariat, 2014). Each type of wastewater has different chemical compositions such 

as pathogens, nutrients, bacteria, and toxicity. Furthermore, the components in untreated 

wastewater can be separated into three groups: physical, chemical and biological. Physical 

components are solids or inorganics matters in the wastewater. Chemical components include 

dissolved organics, nutrients, and heavy metals. Biological components include bacteria, 

pathogens, protozoa and viruses (Stovall, 2007). These components and reasons for removal are 

summarized in Table 2. 1. 

Table 2.1 Principle Components of Concern in Wastewater Treatment  

Component Reason 

Suspended Solids Suspended solids can lead to the sludge 
deposits and anaerobic conditions 

Biodegradable organics Commonly measured in term of BOD. 
Biological stabilization can result in the 
depletion of natural oxygen resources and the 
development of septic conditions 

Pathogens Pathogenic microorganisms can transmit 
various diseases to humans and animals. 

Nutrients Nitrogen and phosphorus can facilitate the 
growth of undesirable plants. 

Heavy metals Heavy metals are usually from commercial 
and industrial activities and must be removed. 

Reference: Crites (1998) 
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2.1.2. Wastewater Treatment Systems 

A typical wastewater treatment process usually contains three important stages: primary treatment, 

secondary treatment, and tertiary treatment. The primary stage includes preliminary treatment or 

pretreatment processes. The goal of preliminary treatment is to remove solids, which will be stuck 

and damage the plant equipment. The purpose of the primary treatment process is to reduce a settle 

solids or inorganic matters that will settle or float in the tanks. Primary treatment will usually 

remove 60 percent of suspended solids and 35 percent of the BOD5 (Cornwell, 2008). The next 

step is secondary treatment process, which helps to remove dissolved organic matter or soluble 

BOD5. Lastly, the tertiary stage is an optional process, where nutrients such as nitrogen and 

phosphorus are removed. Through the entire wastewater treatment process, sludge is produced 

from the primary and secondary treatment, which will be handled properly in the next stage. Figure 

2.1 shows typical stages in the conventional wastewater treatment (Parr, 2002). Figure 2.2 shows 

the diagram of a wastewater treatment process. 
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Figure 2.1 Typical Stages in the Conventional Wastewater Treatment (Parr, 2002) 
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Figure 2.2 Wastewater Treatment Process Diagram 

 

2.1.3. Unit Operation of Pretreatment 

The pretreatment or preliminary treatment process is to protect the equipment in a wastewater 

treatment plant by removing large objects or inorganic matters that would foul or damage pipes, 

pumps, and other equipment (Cornwell, 2008). However, this process is called just pretreatment 

because it can reduce only a little amount of BOD5. There are many devices that can use in this 

process such as bar screens and, grit removals. Bar screens typically separate into two main types: 

Coarse Screens and Fine Screens. The details are provided in Table 2.2. 
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Table 2.2 Types of Bar Screens 

Type Description 

Coarse Screens 

Bar racks or bar screens 

 

Manually or mechanically cleaned 

Coarse woven wire media 

screens 

Flat-, basket-, cage, or disk type screens used to remove 

relatively smaller particles. 

Comminutor Grinders that cut up the materials retained over screens. 

Fine Screens 

Band screens 

 

Consist of an endless perforated band, which passes over 

upper and lower rollers. A brush may be installed to remove 

the material retained over the screen. Water jet is used to 

flush the debris. 

Wing or shovel screens 
Consist of circular perforated radial vans that slowly rotate 

on a horizontal axis. The vans scoop through the channel 

Strainers or Drum screens 
Consist of a rotating cylinder that has screen covering the 

circumferential area of the drum. 

Reference: Qasim (1994) 

2.1.4. Primary Treatment 

After pretreatment process, the wastewater still has some inorganic matters and settleable organics, 

which can be separated from the wastewater in a primary sedimentation tank by gravity (Cornwell, 

2008). There are two main shapes of tank: circular and rectangular. Furthermore, there are many 
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types of primary sedimentation tanks such as horizontal flow, solids contact, inclined surface, and 

among others. The settled solids are called sludge and it is removed from the sedimentation tank 

by scrapers. Other floating materials on the surface of the sewage are removed by skimming 

machines. These solids are continuously sent to further sludge handling processes. Therefore, in 

this treatment, 50 to 70 percent of suspended solids and 30 to 40 percent of BOD5 may be removed 

(Qasim, 1994).  

 

Figure 2.3 Horizontal Flow Rectangular Sedimentation Tank (Qasim, 1994) 

 

 

Figure 2.4 Horizontal Flow Circular Clarifier (Qasim, 1994) 
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2.1.5. Secondary Treatment 

In secondary treatment process, the goal is to eliminate the soluble organic matters in the sewage. 

Normally, this process is biological treatment, which uses microorganisms to remove constituents 

in the wastewater. “The principal objectives of biological treatment are to stabilize the organic 

matter and to coagulate and remove nonsettleable colloidal solids found in wastewater (Crites, 

1998)”. The treatment depends on local conditions, additional objective might include the removal 

of some nutrients such as nitrogen and phosphorus. Secondary stage is important to maintain good 

environment conditions such as the availability of oxygen, the favorable temperature, the good 

contact between bacteria and the sufficient time for microorganisms to work (Cornwell, 2008). 

There are many methods such as activated sludge, trickling filter, lagoons, and other processes. 

The common wastewater treatment processes are provided in Table 2.3, additional with the general 

description of each process and the benefits and drawbacks of the systems. 

Table 2.3 Common Processes for Secondary Wastewater Treatment 

 

Treatment process Description Benefits and Drawbacks 

Aerobic Processes 

Activated Sludge 

(AS) 

Oxygen is supplied to 

microorganisms in 

sewage. 

Pros: Effective, low land requirement, 

flexible, less odor, high resistance. 

Cons: High construction and O&M costs, 

complicated process, high O&M 

requirement, large sludge produced, 

possible environmental problems. 
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Treatment process Description Benefits and Drawbacks 

Tricking filters Wastewater flow through 

a loose bed of stones, and 

the bacteria on the stones 

treats the sewage. 

Aerobic process with 

bacteria take oxygen 

from the atmosphere. 

Pros: No mechanical aeration, high BOD 

removal, small land application, simple 

O&M. 

Cons: High construction cost, dependence 

on temperature. Less flexible than AS, 

sensitive to toxic, sludge production need 

for further treatment. 

Rotating biological 

contractor (RBC) 

Providing surface area 

for bacterial growth on 

groups of vertical plates. 

Treating with 

conventional aerobic 

treatment. 

Pros: High removal efficiency, short 

contact and retention time, low operating 

cost.  

Cons: High maintenance cost, possible 

failure in the systems.  

Oxidation ditch Oval-shaped channel 

with mechanical aeration. 

Pros: Higher treatment power, less land 

required than waste stabilization ponds, 

easier to operate than AS. 

Cons: high energy consumed. 

Waste-stabilization 

ponds (aerated 

lagoons and 

oxidation ponds) 

(WSP) 

Large surface and 

shallow ponds. Treatment 

by photosynthetic 

process from algae 

providing oxygen for 

microbial to treat sewage.  

Pros: Simple, effective to treat pathogenic 

microorganisms, no power required, low 

construction and O&M costs, resistance. 

Suitable for hot climates. 

Cons: large area, depends on 

temperatures, odor problems, fair removal 

efficiency, inflexible. 
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Treatment process Description Benefits and Drawbacks 

Upflow anaerobic 

sludge blanket 

(UASB) 

Anaerobic process using 

blanket of bacteria to 

absorb contaminants in 

sewage. 

Pros: low sludge produced, no power 

required, little land used, low construction 

and O&M cost, suitable for hot countries. 

Cons: Ineffective process, odors problems, 

sensitive to toxic, slow process startup. 

Anaerobic Processes 

Anaerobic filter Wastewater through a 

column using a media 

with anaerobic bacteria 

attached on the surface. 

Pros: Similar benefits to UASB, 

flexibility, resistance. 

Cons: Similar drawbacks to UASB, 

clogging problems, poor effluent quality 

with high suspended solids concentration, 

restricted to treat influent with low SS. 

Natural Treatment Processes 

Land treatment 

(Solid aquifer 

treatment: SAT) 

Wastewater is treated in 

controlled conditions to 

the soil. 

Pros: High efficiency in BOD and 

coliform removal, simple construction and 

O&M, low construction and O&M costs, 

resistance to variations sewage, no sludge 

produced, providing fertilizers to soil. 

Cons: Low removal efficiency for some 

pollutants, large area used, possibility of 

odor, depend on climates, risk of soil and 

groundwater contamination.  
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Reference: Parr (2002); Metcalf and Eddy (2003); Singhirunnusorn (2009). 

2.1.6. Disinfection 

This treatment step is to disinfect or kill pathogens and other microorganisms in wastewater. There 

are many methods that can be used in this disinfection process such as chlorine, UV, ozone. 

Typically, wastewater treatment plants use chlorine as a disinfection because it is effective and 

cheaper than other methods. However, some people concern about the residual of chlorine that 

may do more harm than good because it can kill good microorganism and be toxic to aquatic 

animals (Cornwell, 2008). The advantages and disadvantages of each disinfection process are 

provided in Table 2.4. 

Construct wetlands Wastewater flow through 

an area of reeds. 

Treatment by action of 

soil and root of plants.  

Pros: No oxygen required, low operation 

and maintenance cost, robust on peak 

loading, efficiency of pathogen removal 

Cons: Dependence on climates. 

Aquaculture Combining the 

wastewater treatment to 

aquaculture. Providing 

Treatment by keeping 

aerobic condition and 

maintain ammonia levels. 

Pros: Harvested plants and fish for human 

consumption, animal food, and fertilizers, 

very efficient in pollutants removal. 

Cons: Requires large area, high 

construction and O&M costs in some 

types of systems, possibility of health 

risks in humans and animals. 
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Table 2.4 Advantages and Disadvantages of Disinfection Processes 

Disinfection process Advantages Disadvantages 

Chlorine 

Low cost, effective in 

destroying a variety of 

bacteria, controlling odor, 

aiding scum and grease 

removal, controlling bulking 

and foaming, ammonia 

removal. 

Acid generation, buildup of total 

dissolved salts, and formation of 

potentially carcinogenic, 

halogenated organic compounds, 

need dechlorination after 

chlorination process because of 

toxicity. 

UV 

Effective, physical rather than 

chemical, no residual 

chemical impact, user-

friendly, short contact time, 

less area required than other 

methods. 

Not effective at low dosage and 

high SS and TSS loading, some 

organisms can repair and reverse 

the destructive effects of UV, 

need a preventive maintenance, 

more expensive than chlorination  

Ozone 

More effective than 

chlorination, shorter contact 

time than chlorine, no 

trihalomethanes (THMs) 

forming, increases the 

dissolved oxygen (DO). 

Complex, expensive tools, 

corrosive chemical requiring 

corrosive-resistant material, 

excess ozone must be recycled or 

destroyed to prevent exposure, 

decreasing an effectiveness when 

suspended solids increases, can 

produce bromate or aldehydes 

that are harmful to humans, 

energy intensive.  

Reference: Qasim (1994); Fedler (2002). 
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2.1.7. Tertiary Treatment 

Tertiary treatment or advanced wastewater treatment is added to remove minor pollutants such as 

nitrogen, phosphorus, and heavy metal. However, sometimes these pollutants can be a major 

problem (Cornwell, 2008). Nutrient removal is necessary. Ammonia in the effluent can be toxic to 

aquatic animals. Nitrifying bacteria can biologically convert ammonia to nitrate through 

nitrification process. Since nitrate is still a nutrient, an excess amount of nitrate can lead to 

eutrophication in body rivers. Nitrate can be removed from effluent by denitrification process, 

which converts nitrate to nitrogen gas. Like nitrogen, phosphorus contributes to the growth of 

algae. Therefore, phosphorus can be removed by enhanced biological phosphorus removal process. 

In the process, polyphosphate accumulating organisms (PAOs) are enriched and accumulate a large 

amount of phosphorus within their cells and they can be separated from the treated water (Water 

reuse, n.d.). These biosolids can be used as a fertilizer for an agriculture. Solving these nutrient 

problems lead to improve the quality of the treated wastewater and produce a valuable sustainable 

resource that can be used in other purposes.   

2.1.8. Sludge Treatment 

During the wastewater treatment processes, sludge is generated. Thus, this must be handle properly. 

There are many approaches of sludge treatment such as stabilization, thickening, dewatering, and 

other methods. There are commonly three types of sludge stabilization: chemical digestion, aerobic 

digestion, and anaerobic digestion. Stabilization process can reduce the amount of sludge, remove 

pathogens, and eliminate odor problem (Qasim, 1994). Using anaerobic digestion is one good 

method because of the recovery of energy for using as an energy or electricity in facilities. After 
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dewatering and thickening processes, wastewater treatment plants can reduce sludge mass for 

lowering cost of transporting sludge. Sludge can be sent to land disposal, which is the cheapest 

way to dispose. Furthermore, sludge can be sent to landfill or incinerate, which is the most 

expensive one. The most sustainable disposal method is to transform to other beneficial uses such 

as fertilizer, brick component, etc..  

2.2. Alternative Sustainable Wastewater Treatment Systems 

One of the most critical threats to humans is the contamination of water, which is generated from 

the uncontrolled disposal to the environment. Concerning public health and environment, it is 

essential to preserve the source of water by having an adequate wastewater management 

(Secretariat, 2014). An effective wastewater management is implemented in developed countries. 

However, in developing countries, wastewater management is still unsuccessful.   

The current goals of sanitation systems are to produce an acceptable quality of treated water at the 

lowest cost. However, the wastewater treatment systems do not attempt to capitalize on the 

reusable resources in wastewater (Crawford, 2010). Thus, the study focuses on resource recovery 

including water reuse, energy recovery, and nutrient recovery. “The future goal for wastewater 

treatment of domestic wastewater should be to have a minimal carbon footprint, and to be 100% 

self-sustainable with regards to energy, carbon, and nutrients, while achieving a discharge or reuse 

quality that preserves the quality of the receiving waters (Crawford, 2010)”. The goal of 

sustainable wastewater processes should be changed into recycling treatment to promote the 

conservation of water resources. This following section provides many case studies about 

alternative sustainable wastewater technologies, which are very useful to apply to this research. 



  

  20 

2.2.1. Case Studies  

2.2.1.1. Suitable Technologies for Egypt’s Wastewater Treatment Plant Upgrade 

From the article “Suitable Technologies for Egypt’s Wastewater Treatment Plant Upgrade”, the 

Egyptian Government has considered to improve wastewater treatment technologies considering 

public health, agricultural and fishing yields, and prosperity of the country. Especially, in a rural 

area, water quality is unacceptable. Therefore, a National Rural Sanitation Program (NRSP) targets 

to improve wastewater treatment facilities by provided three main systems. The following table 

shows the descriptions, benefits, and drawbacks of the systems. 

Table 2.5 Systems for Egypt's Wastewater Treatment Plant Upgrade  

System Description 

Compact wastewater 

treatment plants 

The compact systems meet the criteria. They are very portable 

and easy to install. The benefits are good effluent quality, no 

smell, very compact, very quick and efficient settling, can handle 

load peaks. However, there are some drawbacks, which are using 

many chemicals, vulnerability to power interruptions, some 

types of filter should not be used in a rural area, and sludge is 

contaminated with ferrocholorite. 

Zero energy technologies 

Biogas collection The combination of an anaerobic digestion and 

nitrification/denitrification system. It can produce power from a 

by-product.  



  

  21 

Modular hybrid activated 

sludge digesters 

Modular hybrid activated sludge digesters can remove nutrients 

in sludge are used to produce fertilizers and can reduce energy 

required in the plants. 

Utilizing solar power Egypt has high levels of solar irradiation and the prices are 

falling. Thus, using solar power and photovoltaic (PV) can 

generate power to WWTPs.  

Zero Energy Compact 

Unit 

This compact wastewater treatment plants aims to treat 

wastewater in a small community. This system requires little 

energy and produce constant quality water. It is also simple 

construction, easy maintenance, biogas production, and no 

skilled labor required.  

Disinfection processes 

Advanced Oxidation 

Process (AOP) 

The process can break down toxic compounds and remove 

microorganisms in water.  

Ozone Ozone can improve water quality and it has no impacts to public 

health and the environment. Furthermore, ozone is a safe, strong, 

fast system and can eliminate unfavorable taste, odor, and color. 

Yet it is a more expensive process than chlorine.  

UV UV is a part of AOP. It is less complex than ozone generation 

system and can deactivate pathogens. However, the cost is more 

expensive than ozone process. Furthermore, it requires an 

additional process to handle with H2O2.  

Membrane bio reactors 

(MBRs) 

Including the decomposition of sewage and filtration of a 

membrane, MBRs can produce a high-quality effluent, which is 
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safe for public application. Furthermore, they required less land 

application and they are easy to retrofit. However, they are 

expensive compared with conventional wastewater treatment 

processes. 

Reference: Varghese (2016) 

 

2.2.1.2. Eco-Tanks for Asian Cities: Lessons Learned in Sustainable Transfer of Green 

Technologies for Localized Capacity-Building 

A case study of Eco-Tanks for Asian Cities written by Castro and Plouviez, who states that there 

are many case studies of green water technologies and capacity developments. In the awareness of 

sanitation problems in developing countries, the Eco-Tank technology project was proposed. 

UNITAR applied the Eco-Tank City-to-City (C2C) Project in partnership with CITYNET. The 

objective of the project is to improve urban sanitation in Asia by offering an inexpensive system 

yet efficient treatment adjusted to local conditions. The projects reduced wastewater contamination 

from domestic and promoted awareness on wastewater issues. The project was applied to three 

cities: Negombo (Sri Lanka), Palembang (Indonesia) and San Fernando (the Philippines). 
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After implementing the tanks in these countries for many years, it came to many important lessons 

learned. The first lesson was about financing for the project, which was important and depends on 

governments changed. Another factor was a partnership throughout the project. There were 

barriers about technology transfer so that the private sector should accept the export of 

technologies, the high price of licensing fees and intellectual property restrictions (Ardakanian, 

2012). There were many other challenges and lessons learned from this project. Understanding of 

technologies related to the Eco-Tanks was also very important. To sum up, the project provided 

the new system, which is suitable for Asian cities. The cities should develop and implement this 

technology adjusted to the local conditions and learn from the past lessons from the previous cities.  

2.2.1.3. Recovery from Wastewater Treatment Plants in the United States: A Case Study of 

the Energy-Water Nexus 

From the article “Energy Recovery from Wastewater Treatment Plants in the United States: A Case 

Study of the Energy-Water Nexus” Stillwell et al. (2010 ) used data from the U.S. Environmental 

Protection Agency to analyze the possibility of energy recovery in wastewater treatment facilities 

An Eco-Tank is an inventive small-scale wastewater treatment system, which 

receives and treats sewage in order to discharge it back into a body river. This 

system requires less area, less energy and uses an anaerobic condition for 

biodegrading wastewater to treated water. The tank is independent, and good for 

tropical climates countries because using anaerobic bacteria can be more effective 

in hot weather. It can treat all kinds of contaminants and can treat wastewater 

Eco-Tank technology 
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using anaerobic digestion with biogas production and biosolids incineration with electricity 

generation. These energy recovery systems could help to reduce power consumption, decrease 

energy costs, and create sustainable practices within the plants. The authors estimate that using 

anaerobic digestion could save 628 to 4,940 million kWh in the U.S. Implementing anaerobic 

digestion and biosolids incineration in Texas could save 40.2 to 460 and 51.9 to 1,030 million kWh 

annually, respectively (Stillwell, 2010).  

Anaerobic Digestion with Biogas Utilization 

Wastewater treatment processes treat sewage in order to remove harmful and undesirable organic 

and inorganic matters for discharging treated water back into natural rivers. The solids separated 

from the effluent are usually treated, dewatered and sent to a disposal area. Sludge can be treated 

by using the digestion approaches. Some sludge digestion processes require a lot of energy such 

aerobic digestion, which uses oxygen to grow and maintain microorganism to digest solid wastes. 

Providing air required a large amount of energy consumption, still many facilities use this process 

since it is easy and simple to operate (Stillwell, 2010). On the other hand, anaerobic digestion can 

help microorganisms in digesting sludge without oxygen, which contains biogas and biosolid 

productions (Stillwell, 2010). Biogas production can be recycled back into a fuel or electricity used 

in wastewater operations.  

Two optimal temperature ranges in anaerobic digestion are 32 to 35 °C, called mesophilic and 50 

to 57 °C, called thermophilic; thus, digester heating is needed in most climates. In these conditions, 

biogas can be produced and compose up to 75% of methane (Stillwell, 2010). Furthermore, from 

Burton and the Electric Power Research Institute (EPRI) shows that biogas production from 
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anaerobic digestion can generate about 1.26×10$𝐽  of electricity per each million gallons of 

sewage treated at the facility. However, when wastewater is less than 5 million gallons per day, it 

cannot generate enough biogas to use as an energy or it does not cost effective (Stillwell, 2010).  

Biosolids Incineration with Electricity Generation 

Sludge disposal is needed after sludge treatment processes. The common approaches are 

landfilling, land disposal, and incineration (Qasim, 1994). Incineration is expensive compared with 

other methods. Yet biosolid incineration can generate electricity, which is one alternative 

sustainable technology. The method uses hot air to dry biosolids and improve heat generation. Heat 

from incineration is transferred back to steam and produce electricity. This incineration method 

requires a large amount of biosolids so that it is suitable for medium to large wastewater quantities 

(Stillwell, 2010).  

Other advantages of biosolid incineration are achieving maximum wastes reduction, producing 

valuable energy recovery, and requiring small amounts of land (Stillwell, 2010). However, there 

are some disadvantages such as high construction and operation costs, potential air pollution, 

difficult in the operation, and possible public detestation. Even though there are many drawbacks, 

the incineration is a sustainable practice producing energy recovery and handling water, wastes 

and energy. From the Hartford Water Pollution Control Facility in Hartfort, upgrading the facility 

by implementing biosolids incineration could generate 40% of electricity consumption in the plant 

(Stillwell, 2010). Therefore, implementing, developing, adjusting and studying energy recovery 

from biosolid incineration can be very useful for wastewater treatment plants’ management 

strategy.  
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2.2.1.4. Wastewater Treatment and Reuse: Sustainability Options 

Jhansi and Mishra studied sustainability methods that can be applied to wastewater treatment 

plants. Water sanitation problems rises in a community from discharging untreated water into a 

waterbody. Furthermore, most of the current wastewater treatment technologies in developing 

countries are unsuitable and low efficiency. Developing countries usually adopt the treatment 

technologies used in advanced countries without considering local conditions. After implementing 

technologies, they were later abandoned or postponed because of the high installation, operation, 

and maintenance costs (Jhansi, 2013). 

Jhansi and Mishra considered many appropriate technologies include the following: preliminary 

treatment by rotating micro screens; vortex grit chambers; lagoons treatment (anaerobic, 

facultative and polishing); anaerobic treatment processes such as anaerobic lagoons, upflow 

anaerobic sludge blanket (UASB); physicochemical processes such as chemically enhanced 

primary treatment (CEPT); constructed wetlands; stabilization reservoirs for wastewater reuse and 

other purposes; overland flow; infiltration-percolation; septic tanks; and submarine and large rivers 

outfalls. 

The following three major sustainable treatment types have been proposed.  

Lagoon and Wetlands 

Wetland treatment is a natural treatment including chemical, physical and solar in order to achieve 

purifying wastewater (Jhansi, 2013). Lagoon treatment is a series of shallow ponds having bacteria, 

algae, and plankton to treat wastewater. Lagoon and wetland treatments are appropriate, especially 
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in developing countries, due to a low cost, self-sufficiency process, effectiveness and no skilled 

labors required. However, these treatments require large land, so they are not suitable for big cities 

or crowded areas.  

Anaerobic Digestion 

Another important treatment option is anaerobic digestion. In anaerobic digesters, anaerobic 

bacteria grow and maintain in anaerobic condition. They can decompose organic matter and 

produce methane and carbon dioxide gas. Methane gas can generate electricity or energy from 

burning solid wastes. Other advantages are solid volume reduction, small land required and the 

final wastes can be used as a fertilizer in agricultural proposes. The treatment has been applied in 

many countries such as Colombia, Brazil, and India by replacing the previous costly activated 

sludge processes or the large land required in pond treatment (Jhansi, 2013).  

Soil Aquifer Treatment (SAT) 

Soil aquifer treatment is a geopurification system, which sewage is treated and recharged through 

unsaturated soil layers (Jhansi, 2013). The effluent is treated before mixing with groundwater. The 

treatment is inexpensive, effective to remove pathogen, and not complex to operate. SAT can 

remove BOD, TSS, and pathogen effectively. However, SAT required pretreatment to remove other 

nutrient concentrations.  

All systems above are from the research paper, Wastewater Treatment and Reuse: Sustainability 

Options. The systems are cyclical and sustainable processes. Before implementing these systems, 

they should be studied, developed, and adjusted to the local conditions for the best solutions. 
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2.2.1.5. Wastewater Treatment through Small Wetland and Oxidation Pond in Phetchaburi, 

Thailand 

From the research paper “H.M. The King's Royally Initiated LERD Project on Community 

Wastewater Treatment through Small Wetlands and Oxidation Pond in Phetchaburi, Thailand” by 

Kasem Chunkao, Wit Tarnchalanukit, Paiboon Prabuddham, Onanong Phewnil, Surat Bualert, 

Kittichai Duangmal, Thanit Pattamapitoon, and Chatri Nimpee, they study small aquatic-planting 

and grass-filtration constructed wetland with oxidation ponds. The goal is to implement nature-to-

nature process eliminating organic contaminants. The process is also less expensive, and simple 

technology. 

Small Constructed Wetlands 

Small constructed wetlands grow aquatic plants and let wastewater flow vertically through soils, 

sand, and gravel layers. The results from the study show that there are two major natural processes. 

The first process is that aquatic plant photosynthesis during daytime by providing oxygen in the 

process. Second, thermos-osmosis process produces oxygen to bacteria, which digest organic 

matter in sewage. The photosynthetic rate depends on light intensity and temperature. The 

efficiency of photosynthesis can affect microorganisms’ ability to remove pollutants. The research 

shows that oxygen from thermos-osmosis process is an important role for organic digestion in the 

system.  

Five-Consecutive Oxidation Ponds 

In this research, constructing oxidation ponds comprised of five large, shallow ponds. There are 
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three oxidation ponds, one sedimentation pond and one stabilization pond. Grass is planted at the 

edge of the pond to protect soil erosion. Effluent is discharged after being retained in the system 

for 21-28 days using the natural purification processes. The results show that the efficiency of 

oxygen diffusion decrease when the water depth increased. The quality of effluent meet the 

standard and the efficiency of the system is about 50-70% (Chunkao, 2014).  

2.2.1.6. Natural infrastructure Solutions for Water Security 

According to the article “Natural infrastructure solutions for water security” written by David 

Coates and Mark Smith who research on the land and water use activities that impacts the 

environment. There are three important concepts; plants as land-cover, soils, and wetlands. 

Plants as land-cover 

Land-cover by plants performs several functions including water contribution through plants’ roots, 

water filtration stabilizing soils, and contributing to humidity levels (Coates, 2012). There are 

many land-cover types, such as forests, grasslands, agricultural yields and other types. The major 

process of land treatment is recharged through precipitation. The plants can also be the original 

source of recharge of water. It is necessary to consider the proper management in order to get the 

better water treatment. 

Soils 

Soils play an important role in water cycle and should be managed properly. There are various 

lives associating with soils such as mammals, earthworms, and even bacteria, and fungi (Coates, 

2012). Water can be stored in soils known as groundwater and can be recycled through soils. Soils 
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is responsible for recharging groundwater. Maintaining and well managing natural infrastructure 

offer benefits to better water quality. 

Wetlands 

Wetlands perform important hydrological functions such as regulators of surface water flows, and 

regulating groundwater recharge (Coates, 2012). They also play significant roles in recycling 

nutrient, including waste recycle and, soil regulation.  

2.2.1.7. The Neptune IV Programme, the Nantes Metropole 

According the article “wastewater treatment, in European Green Capital Award Nantes”, the 

Neptune programme aims to design and retrofit the purification plants in the Nantes Metropole 

area by considering the performance and sustainable development. One of the most modern 

purifying systems is compact, odorless, inaudible, innovative and energy-efficient, which is the 

new Petite Californie purification plants in Europe. In the program, the sludge digestion process 

can reduce one third of the volumes produced. Sludge can be used to produce biogas in order to 

use as a heating or electricity for the plant. Therefore, the project can avoid 434 tons of carbon 

dioxide being emitted per year. 

In addition, the project involving systematic checks of residential connections in order to monitor 

and diagnostic independent facilities. It founds that the 4,500 users are not connected to a public 

network so that they need to be repaired. Furthermore, the program intended to reduce spills into 

the river. There are several plans that the program will do to improve purification systems such as 

installing a solar dryer facility for managing the sludge, implementing the agricultural land 
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application, applying phosphorus treatment, using a water-recycling jetter truck, adjusting a 

variable speed pumps, and other approaches. Thus, studying the article can be applied to improve 

wastewater treatment facilities in other areas.  

2.2.1.8. Wastewater Treatment Options 

From the article, 64. Wastewater treatment options, Parr, Smith, and Shaw purposes the technical 

brief reviews of the wastewater treatment options. This can be used as a guide to implement and 

improve wastewater treatment processes. The authors note that “ Not all bacteria are harmful and 

some bacteria may be harmful ,harmless, helpful or useful” (Parr, 2002).  “Wastewater treatment 

tries to reduce the numbers of harmful bacteria and encourages useful bacteria to treat wastewater 

(Parr, 2002)”. 

On-site versus off-site sanitation 

The first option when considering a sanitation system is on-site sanitation. The distinct benefits 

are individual systems so that the fecal disposal is dispersed over a wide area (Parr, 2002). It is 

different from a conventional centralized wastewater treatment. The major disadvantage of 

centralized plants is when the systems go wrong, the resulting problems might be very severe (Parr, 

2002). Considering health problems, there is not much difference between any of them as long as 

they are still functioning properly. Off-site sanitation is more expensive than on-site because it 

needs to consider sewer systems. However, off-site sanitation is sometimes necessary due to 

housing condition or unsuitable ground for on-site systems (Parr, 2002).  
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Re-use, recovery 

One of the major problems in traditional wastewater treatment is a sludge disposal management. 

Most conventional wastewater treatment approaches are a reduction of biodegradable organic 

material and suspended solids, plus some nutrients removal (Parr, 2002). Removal method is 

usually conversion to another product, called sludge. The sludge production is an important 

consideration in many areas, which can choose to remove it by dumping or burning. A notable 

treatment option for developing countries is waste-stabilization ponds, which can remove 

pathogenic material.  

Progressively, sewage can be used as a resource by recovering nutrient content in water to be used 

for agricultural purposes. In South-east Asia countries, they use waste generated through pond 

systems, which can be used to cultivate fish and feed animals. Some countries separate gray water 

from black water, so that they can be proper recycled and re-used. The grey water can be 

implemented in irrigation activities and the black water can be re-used as fertilizer (Parr, 2002).  

Aerobic versus anaerobic treatment 

Most conventional wastewater treatment is aerobic treatment. Aerobic bacteria uses oxygen to 

break down the waste products. The result is that it uses a lot of energy due to oxygen need to be 

supplied. Therefore, aerobic processes are costly and complicated to control (Parr, 2002). 

Anaerobic processes use anaerobic bacteria, which does not require oxygen. Without oxygen is 

easy to control and reduce energy requirement and sludge production. Furthermore, the anaerobic 

bacteria like hot climate so that the processes will work better in most Asian countries.  
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However, the drawbacks of anaerobic processes are a long detention time and only good at 

removing the “simple” waste (Parr, 2002), not nutrient or pathogens. Furthermore, the processes 

are suitable for steady flow rates so they cannot deal with shock loads and other changes.  

To sum up, the most consideration of low-income countries is a low-cost, low maintenance 

wastewater treatment systems (Parr, 2002). Thus, waste stabilization ponds is one of the best 

options in most cases (Parr, 2002). They provides good levels of removing pathogenic bacteria, 

low construction cost, low operation and maintenance costs, and the processes can reuse the treated 

water in irrigation. One main disadvantage of waste stabilization is larger land required than other 

systems. 

2.2.1.9. Selecting a Sustainable Disinfection Technique for Wastewater Projects 

From the article “Selecting a Sustainable Disinfection Technique for Wastewater Reuse Projects”, 

Jorge Curiel-Esparza, Marco A. Cuenca-Ruiz, Manuel Martin-Utrillas and Julian Canto-Perello 

propose the method of selecting a suitable, sustainable disinfection technology. They apply the 

Analytical Hierarchy Process (AHP) by integrating a Delphi process. There are many criteria to 

be considered, which are reliability of the system, operation simplicity, efficiency in reducing 

pathogenic microorganisms, capital cost, operation and maintenance costs, additional treatment, 

environmental impacts, use of natural resources, and safety risk (Esparza, 2014). They also provide 

the disinfection technologies for treated wastewater, which are provided in Table 2.6.  
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Table 2.6 The Common Disinfection Technologies for Treated Wastewater. 

Technology Key Features 

Chlorination  Chlorine is added to water as chlorine gas, sodium or calcium 

hypochlorite, or chlorine dioxide. This method is effective and low 

cost, which is widely used around the world. 

Ozonization Ozone is very powerful disinfectants, due to the high oxidizing 

capability. Compared to chlorine, ozone is a highly effective agent 

that can oxidizes organic matter, several microbes, pesticides and 

chemical residuals, at low concentrations, and short contact time. 

The distinct benefit is that not produced unwanted by-products 

because ozone will become oxygen. Thus, it has become popular in 

recent years. 

Ultraviolet radiation Ultraviolet is one of the most popular technologies applying in 

wastewater treatment facilities. Due to the ability to inactivate 

various pathogens without the production of harmful substances. In 

the process, water is exposed to short wave ultraviolet light. It is an 

effective disinfectant and does not impact the water quality. 

Membrane filtration The process can be used to separate solids from the liquid by 

dividing the treated wastewater into two portions: a permeate with 

the material passing through the membranes, and a retentate 

containing with residues that do not pass through the filter. There 

are many types of membrane filtration such as microfiltration, 

ultrafiltration, nanofiltration and reverse osmosis. 

Natural systems Natural systems can be used to disinfect treated water by natural 

light, called photochemical reaction. For example, constructed 
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wetlands are efficient at removing conventional pollutants and 

organic contaminations. Furthermore, waste stabilization ponds 

should be considered to apply where land availability is not a 

problem. 

Reference: Esparza (2014) 

2.2.1.10. Fine Bubble Diffused Aeration System Design Feature 

Choosing aeration systems can be one of the most important considerations in wastewater 

treatment plants. Due to one of the most costs and energy demands in the wastewater treatment 

facility are from oxygen supplied. In Sanitaire, the article “Fine Bubble Diffused Aeration System 

Design Feature” presents several diffused aeration types, which are provided in Table 2.7.  

Table 2.7 The Diffused Aeration Systems. 

System Key features 

Flow control orifice The orifice can help to improve headloss so that air flows can be 

uniformly distributed throughout the system. Without orifice flow 

control added, air will flow through pipes and exit with the lowest 

pressure. Thus, implementing orifice flow control can prevent or 

minimize headloss problems. 

Oxygen gradient Oxygen gradient is when oxygen demand is declined because 

organics in wastewater are oxidized, reaching a low point at the 

end of the basin. The process is commonly seen in an activated 

sludge process, and also other processes, contact stabilization 

ponds, and advanced biological nutrient removal.  
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Non-tapered aeration Non-tapered aeration system is when diffusers equally distribute 

oxygen throughout the basin. This is suitable for complete mix 

reactors.  

Tapered aeration A tapered aeration system is the varied distribution of aeration 

systems. This system can optimize the system efficiency because 

of the more consistent oxygen transfer and appropriate air 

distribution. 

Automated dissolved 

oxygen control 

Automate dissolved oxygen control is the system that can match 

system oxygen demand. Thus, the most benefit is that D.O. control 

can change oxygen distribution by monitoring and controlling the 

oxygen requirement in the system, through varying motor speed, 

blower, and valve.  

Reference: The article “Fine Bubble Diffused Aeration System Design Features” in Sanitaire  

2.2.1.11. Biological Nutrient Removal Processes 

In the article “Biological Nutrient Removal Processes and Costs” by United States Environmental 

Protection Agency (2007), the author describes biological nutrient removal processes, such as 

nitrogen removal, and phosphorus removal. There are many methods that can be applied to remove 

nutrient in wastewater include: 

• Modified Ludzack- Ettinger (MLE) Process- continuous-flow suspended-growth process 

with an anoxic stage followed by an aerobic stage; nitrogen removal 

• A2/O Process- Similar to MLE process, but implement an anaerobic at the first stage; 
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nitrogen and phosphorus removal 

• Step Feed Process- alternating anoxic/aerobic stages; furthermore, influent flow is 

separated to several feed location and the sludge is recycled back to the beginning of the 

system; nitrogen removal  

• Bardenpho Process (Four-stage)-continuous-flow suspended-growth process with 

alternating anoxic/aerobic/anoxic/aerobic stages; nitrogen removal 

• Modified Bardenpho Process- similarly, Bardenpho process by adding an initial anaerobic 

stage; nitrogen and phosphorus removal 

• Sequencing Batch Reactor (BNR) Process-suspended-growth batch process sequenced to 

simulate the four-stage process; nitrogen removal (phosphorus removal is varying) 

• Modified University if Cape Town (UCT)- Similar to A2/O Process with a second anoxic 

stage where the nitrate recycle is returned; nitrogen and phosphorus removal 

• Rotating Biological Contactor (RBC)-continuous-flow-process by using rotating 

biological contactors following by anoxic/aerobic stages; nitrogen removal 

 

• Oxidation Ditch-continuous-flow process using looped channels to increase sequencing 

time in anoxic, aerobic, and anaerobic zones; nitrogen and phosphorus removal 

Reference: Biological Nutrient Removal Processes and Costs (U.S. EPA, 2007) 
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2.2.1.12.  The Future of Wastewater Treatment 

In the article “The Future of Wastewater Treatment”, Van Loosdrecht and Brdjanovic states the 

important of activated sludge in wastewater treatment. The treatment can improve its energy 

consumption and resource recovery. “The activated sludge was presented more than 100 years and 

it is still at the heart of current wastewater treatment technology. Activated sludge is a mixture of 

inert solids from sewage combined with a microbial population growing on the biodegradable 

substrates present in the sewage (Van Loosdrecht and Brdjanovic, 2014)”.  

Granules 

The microorganism in activated sludge is complex based on the interaction of biological, chemical, 

and physical processes. In recent years, it found out that these microbial communities can be 

created by allowing microorganism to form a granular sludge instead of flocculent sludge (Van 

Loosdrecht and Brdjanovic, 2014). Van Loosdrecht: ‘This form of sludge makes gravity-based 

separation a compact process that can be integrated inside the treatment reactor, and greatly 

reduces area requirements and costs, by roughly 75 and 25%, respectively’. Therefore, activated 

sludge can be a closing cycle treatment and recovery of resources (water, carbon, chemicals).  

Anammox 

The article also states ‘With the recent advance of Anammox technology, a net energy-producing 

treatment plant, including effective nutrient removal, is becoming feasible. Phosphate recovery 

from sewage is increasingly being used, and other options for the production of valuable materials 

from sludge are also emerging, e.g., the recovery of cellulose fibers and the production of 
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bioplastics and biopolymers.’ 

Van Loosdrecht and Brdjanovic (2014) concluded as follows: 

“In developing countries, wastewater treatment are very low. Conventional activated sludge is poor 

because of replicating the designs without considering of different local conditions. ‘The solutions 

for these issues may be the construction of smaller and simpler, decentralized systems that are 

community-managed, thus minimizing costs or enhancing resource recovery”. 

2.2.1.13.  Technology Roadmap for Sustainable Wastewater Treatment Plants in a Carbon-

Constrained World 

‘Resources end up in wastewater through inefficient consumption. As a result, wastewater contains 

potentially reusable water, carbon (energy), and nutrients (nitrogen, phosphorus, and sulfur) that 

could be recovered. Meanwhile, current wastewater treatment objectives are primarily to produce 

an acceptable quality of treated water at the lowest life cycle cost (LCC). Most current treatment 

processes manage carbon and nutrients as wastes to be removed, and do not attempt to capitalize 

on the resources inherent in wastewater’: Crawford and George say in “Technology Roadmap for 

Sustainable Wastewater Treatment Plants in a Carbon-Constrained World”.  They also say: “The 

future goal for wastewater treatment of domestic wastewater should be to have a minimal carbon 

footprint, and to be 100% self-sustainable with regards to energy, carbon, and nutrients, while 

achieving a discharge or reuse quality that preserves the quality of the receiving waters”. 

According from the article, Crawford and George present treatment processes and pathway to 

improve wastewater technology.  
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Treatment processes category are:  

• Further reliance on biotechnology 

• Optimization of carbon to energy within liquid and solids treatment processes  

• Fixed film processes 

• Nutrient recovery processes for nitrogen (N), phosphorus (P), and sulfur (S) 

• Enhanced primary treatment for increased carbon diversion to solids processing 

• Membrane equipment and process improvements to allow broader application  

• Microconstituents / micropollutants – fate and effects research 

• Develop and use new thermal sludge processes (pyrolysis and gasification) 

• Control or capture air and GHG emissions 

Equipment category are: 

• Heat recovery from sidestreams and plant effluent 

• Better aeration systems 

Other category is:  

• Better disinfection processes and equipment 
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Technology Pathway are to: 

• Define whole plant treatment concepts that are energy neutral, including multi-sludge 

systems and sidestream treatment processes; 

• Extract nutrients in forms that are amenable for agricultural reuse with minimal perception 

of risk to public health; 

• Improve the use of biogas to produce energy; 

• Identify and develop those emerging biosolids-to-energy technologies that show the 

greatest promise so that utilities can cost-effectively use them; and 

• Explore new concepts that extract energy from wastewater, such as microbial fuel cells, or 

that produce or use other energy byproducts from wastewater such as hydrogen or nitrous 

oxide. 

2.2.1.14.  Sustainable Wastewater Management in Developing Countries 

Carsten H. Laugesen, Ole Fryd with Thammarat Koottatep, and Hans Brix present reflections and 

stories about appropriate and sustainable wastewater management systems in developing countries. 

They also provide case studies and the implications and application. ‘The objective is to reflect on, 

discuss, and provide examples a broader use of robust, reliable, cost-effective, and efficient 

wastewater management systems that work in practice.’: they state. Studying and learning from 

this book can be applied to this research. 
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The sustainable ecosystem approach:  

1. The future is not about large-scale, centralized wastewater management but about 

appropriate, sustainable on-site systems. 

2. Keep the focus on on-site systems but improve linkages to cluster and centralized systems. 

3. The future is not about discharge point, but about land-based wastewater management 

systems. 

Local context lessons: 

1. Local objectives, not (environmental) standards 

2. Success and failure constantly interchange, producing a rather difficult context for 

predictions and lessons learned 

3. Tales from the field as starting points for reflections 

4. Cases of Sense and Simplicity— The Ultimate Way Forward 

2.3. Criteria for Determining Appropriate Sustainable Wastewater Treatment Technologies  

The standard criteria for selecting technology comprise of three important principles: performance, 

cost, and sustainability. 

 



  

  43 

2.3.1. Performance 

Performance is one of the most important standards. In order to select suitable technologies, 

considering the performing of the process is critical. Performance means the quality of the effluent, 

measuring by the percentage of the removal of chemical oxygen demand (COD), biochemical 

oxygen demand (BOD), total organic carbon (TOC), and other parameters.  

2.3.1.1. Efficiency 

The capability of removing contaminants and pathogenic microorganisms is the key target of 

wastewater treatment technologies. Wastewater must be treated and disinfected to meet the 

regulatory standard or some requirement for a specific purpose. This criterion evaluates both the 

ability to eliminate pathogens and the ability to remove other undesirable contaminants by 

considering water quality including BOD, SS, coliforms, nitrogen and, phosphorus. Each 

technology has different removal efficiency and can be evaluated on past experience, full-scale, or 

pilot studies (Esparza, 2014).  

2.3.1.2. Simplicity 

In the developing country, an operational simplicity of technologies is also essential. It should be 

possible to understand how the system works easily. Installations should be suit every education 

level for every people. The fact that there are few skilled labors to operate and manage the 

wastewater treatment systems in developing country, particular in remote areas, in order to be 

accepted by decision makers, Operational and maintenance simplicity should be a prime concern.  
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2.3.1.3. Reliability 

A basic requirement in the system is technically reliable. It means that the system must be reliable, 

robust, well-tested, and flexible under specific conditions and for some periods of time. For 

example, when the unusual circumstances (i.e. shock load) occur, the process should be able to 

adjust and still operate effectively. The following aspects are criteria considerations of reliability: 

the variability of treatment effectiveness under typical and emergency situations, the probability 

of mechanical failures, the impacts of failures depend on water quality, the way that the process 

responds to changes in effluent, the minimum requirements of the water quality to optimal 

performance of technology, and the long-term reliability of the system (Esparza, 2014; Laugesen; 

Grady, 2011). 

2.3.2. Cost 

Economic consideration is one of the major factors to select sustainable wastewater treatment 

technologies. Thus, the technologies cost should be feasible, affordable, and reasonable.   

2.3.2.1. Initial cost 

The initial cost or capital cost is one major aspect to take into account in the economic 

consideration. It greatly influences the selection of a technology. This cost includes land, design, 

and construction costs, and the procurement and installation of mechanical equipment. The cost of 

construction depends on the capacity of the installation. It can be calculated by design flow rate, 

or by population size, or the level of quality of wastewater treatment required. 
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2.3.2.2. Operation and Maintenance Costs 

The operation and maintenance costs can be as significant, or even more than the construction 

costs since this cost is over the lifetime of the system. The criterion includes all costs related to the 

processes of operation and maintenance, such as labor cost, maintenance and repair cost, energy 

cost, chemical cost, sludge disposal cost, and replacement of the equipment cost among others. 

This is the cost after building a wastewater treatment facility. The important factors influencing 

operation and maintenance costs are the processes in wastewater treatment, and the goal to meet 

the standard requirement.  

2.3.3. Sustainability 

Considering the world environmental issues lead to developing new sustainable wastewater 

technology processes, which operate with environmental friendly goals. Some major aspects 

should be considered from the point of view of the public such as the production of unwanted 

noises, the potential pollution created by the presence of the facilities on the area, odor problems 

which can be produced during treatments, and other undesirable emissions like gases or vapors 

that should be eliminated. Sustainable wastewater technologies are processes that can produce 

effective effluent by required less energy consumption and no or less harm to the environment. 

Furthermore, the technology can recycle nutrients or produce energy, which can help to save a lot 

of cost for wastewater treatment plants. The study considers three major aspects of sustainability 

to choose appropriate wastewater treatment technologies: resource recovery, energy management, 

and solid volume reduction. 
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2.3.3.1. Resource Recovery 

After wastewater treatment processes treat sewage, solid wastes are separated from treated water. 

The view that organic fraction from the sludge should be reuse or recycle to produce renewable 

energy. Nutrients presented in wastewater should be recovered or recycled back to use in an 

agriculture or land application. Two important nutrients in wastewater are phosphorus and nitrogen 

can use to produce fertilizer. Furthermore, landfill gas technologies can capture methane, called 

biogas, from landfills to prevent methane emission to the atmosphere by using anaerobic digesters. 

These technologies should be applied for resource recovery in wastewater treatment plants. 

2.3.3.2. Energy Management 

The wastewater treatment systems should save energy consumption by reducing energy used and 

implementing technologies that can produce renewable energy. Local governments should 

consider applying energy-saving measures in wastewater treatment facilities (U.S. EPA, 2013). 

The goal is to improve energy efficiency in the plants. Wastewater treatment plants should change 

or develop the equipment that consumes less energy, but more effective than the existing tools. 

Furthermore, the plants should produce their own energy in order to reduce energy consumption.  

2.3.3.3. Solid Volume Reduction 

The sludge production during wastewater treatment processes can cause a lot of pollution to the 

atmosphere, water, and land. Thus, reducing sludge volume or proper sludge management is 

important. Furthermore, the transportation from wastewater treatment plants to landfill in order to 

dispose the sludge can be expensive. Thus, wastewater treatment facilities should implement 
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technologies that can reduce solid production. 

2.4. Selection Method 

2.4.1. Robust Decision Making (RDM)  

Robust Decision Making (RDM) is the adaptive or flexible decision method that can be used in 

the uncertain conditions (weADAPT, 2015). Due to the fact that future is uncertain and 

unpredictable, robust options tend to be more recommended than optimal options. On the other 

hand, the best option is more suitable when the future can be predicted. The purpose of RDM is to 

identify robust strategies, which can adapt or perform well under uncertain situations in the future. 

The method is helpful for decision makers in long-term consequences.   

The fundamental steps for Robust Decision Making are to: (1) identify the issues and set a goal; 

(2) find information, strategies, risks and select a robust strategy; (3) take an active towards the 

goals; (4) determine whether the strategy is effective; and (5) update and resolve the strategy. The 

last step is an essential one because if the strategy is not effective, decision makers can change 

strategies until they meet their goals.    
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Figure 2.5 The Steps for Robust Decision Making 

 

This RDM will be used to determine the best wastewater treatment processes for a wastewater of 

interest. An Excel® program will be developed in this study employing RDM. 
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Chapter. 3 ENERGY SAVING 

One major concept of sustainability is energy efficiency by considering an overall energy 

consumption. The main purpose of this chapter includes determining the role of energy efficiency 

in sustainable wastewater treatment processes. This study adopts conceptual methods by studying 

many literatures on energy efficiency, evaluating appropriate sustainable wastewater treatment 

technologies, and applying to Thailand. Energy efficiency plays multiple roles such as sustainable 

growth and advancement, and economic development. It can also lead to carbon minimization 

resulting in reducing climate change (Ganda, 2014). This chapter introduces the energy-saving 

systems in wastewater treatment processes and adapts them to the local condition in Thailand’s 

wastewater treatment plants. 

3.1. Background 

Energy saving can reduce a cost of operations and provide many multiple environmental benefits. 

It can help in reducing air pollution and GHC emission, improving energy independence, and 

creating job opportunities (Ganda, 2014). The government can promote energy saving by 

improving the energy efficiency of municipal wastewater facilities and encouraging energy 

efficiency developments in residential, industrial, and commercial sectors (U.S. EPA, 2013). 

Wastewater treatment facilities consume great amounts of energy. Thus, energy costs are a major 

concern for wastewater treatment plants, accounting for as much as 55% of facilities’ operation 

costs (Cantwell, 2010). In the secondary treatment processes, the plants can consume up to 

6.12×10$𝐽 of electricity per one million gallons of wastewater (Pakenas, 1995). A significant 
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amount of this municipal energy consumption occurs in pumps, motors, and other equipment 

operating at wastewater treatment facilities. Water and wastewater treatment plants can be one of 

the largest energy consumers in a community and thus they are also among the largest contributors 

of pollution emission in the community (U.S. EPA, 2013). Therefore, the economic and 

environmental costs can be reduced by implementing energy saving equipment and operations 

including applying biogas production technologies into the plants. Wastewater treatment facilities 

have the capability to capture the energy to generate electricity and heat, through process upgrades 

and expansion facility construction. Biogas is produced through anaerobic digestion of sludge A 

combination of heat and power system allows facilities to produce some or all their own electricity 

and space heating (U.S. EPA, 2013), thereby turning wastewater treatment plants to “net zero” 

energy consumers.   

3.2. Process Guidance 

 In this section, described is a five-step process that wastewater facilities can follow to plan, 

implement, and sustain energy efficiency development approaches (Table 3.1). The approach can 

help wastewater facilities in improving their energy efficiency in the facilities. Table 3.1 shows the 

step guidance in developing and implementing greenhouse gas reduction (U.S. EPA, 2013). The 

steps including Think, Plan, Act, Look and Repeat, which also follows RDM approach. It is a 

circular process that aims at continual development over time.  
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Table 3.1 Steps for Planning, Implementing, and Sustaining Energy Efficiency Development in 

Wastewater Facilities 

 

Think 

 

Step 1: Get Ready  

- Establish the facility’s energy policy and energy development goals  

- Secure and maintain management commitment 	

- Establish energy improvement program leadership and employee  

Plan 

Step 2: Assess Current Energy Status and Identify Energy Targets                        
- Assess current energy status by Identifying activities and operation that 
consume the most energy  

- Evaluate potential energy improvement projects and activities 	

- Establish energy objectives and targets for priority improvement areas  

- Define performance indicators  

 

Act 

Step 3: Implement Energy Improvement Programs and Build a Management 
Team  

- Develop action plans to implement energy improvements 	

- Get an approval from management team 	

- Develop management system “operating controls” to support energy 
improvements  
- Begin implementation once the program is improved  

 

Look 

Step 4: Monitor and Measure Results of the Energy Improvement Program  

- Check the facility monitors and measure energy track consumption 	

- Develop and adjust a plan for improving and sustaining the energy efficiency 	

- Take correct action or make adjustment by keeping the goal of energy 
efficiency 	

- Review the progression of facility toward energy goals and reassess 
compliance status  
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Repeat 

 

Step 5: Maintain the Energy Improvement Program  

- Continually sustain energy improvement in a facility  

- Apply and learn from pass lessons 	

- Continually improve management and staff  

Reference: U.S. EPA (2013) 

3.3. Process-Specific Guidance 

Energy Efficiency RFP Guidance For Water-Wastewater Projects (U.S. EPA, 2013) presents a 

specific guidance for choosing appropriate energy efficiency processes in wastewater treatment 

facilities. The authors determine three major activities that should be concerned including pumping, 

aeration, and solid handling, which will be guided for choosing, designing and operating in 

wastewater treatment facilities. 

3.3.1. Pumping 

Pumping systems in wastewater treatment facilities use a large amount of energy. An appropriate 

design should consider peak flow rates, pipe sizes, and proper equipment selection. The facilities 

should pay attention to proper select variable speed pumping and multi-stage pumping systems 

(Cantwell, 2010).  

The pumping system projects should include the following details concerning energy efficiency 

(Cantwell, 2010): 

• Choose pumps that minimize energy consumption and maintenance problems, especially 

clogging in pipes.  
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• Select pumping system point and number of pumps in order to increase energy efficiency 

and meet peak flow rate. 

• Calculate system energy performance under different conditions such as present and future 

conditions, each season flow rate, different speed control systems.  

• Evaluate cost assessment including energy, operation and maintenance costs. 

• Monitor and control system performance. 

• Manage equipment service schedule. 

• Train operations staff to manage energy used in a system. 

3.3.2. Aeration 

Aeration systems in the secondary treatment process account require up to 30-60% of total energy 

used at the conventional activated sludge wastewater treatment plants (Cantwell, 2010). There are 

many options that can use to improve the energy efficiency of aeration systems such as dissolve 

oxygen sensors and automatic controller, fine bubble diffusers, proper blowers, and variable speed 

motors. Wastewater treatment facilities should evaluate to apply an appropriate choice including 

an aeration system upgrade or expansion for their plants. 

The aeration system in activated sludge system should include the following details concerning 

energy efficiency (Cantwell, 2010): 

• Evaluate existing fine bubble diffuser and blower system, and DO control.  
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• Test the process efficiency including head loss, air flow, and other relevant equipment. 

• Arrange equipment service schedule including cleaning, replacement, maintenance, etc. 

• Develop operation and maintenance practices to optimize energy efficiency and system 

performance. 

• Train energy management to operations staff including blower system and dissolved 

oxygen control 

3.3.3. Solids Handling 

There are many ways to manage and handle solid wastes from wastewater treatment processes. 

Solid volume reduction is the most important consideration due to the solids need to be sent to 

land application, incineration or other methods. Thus, two main considerations that wastewater 

treatment plants should concern are energy requirement and the cost of solid handling method. 

Anaerobic digestion is one method that the plants should concern. The biogas production can 

generate electricity and heat for using in their facilities.  

The solid handling includes thickening and sludge stabilization. Sludge disposal should include 

the following details (Cantwell, 2010):  

• Evaluate system energy performance under different conditions. 

• Estimate cost assessment including operation and maintenance and sludge disposal costs. 

• Establish options for sludge disposal. 
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• Monitor and control system performance. 

• Arrange equipment service schedule. 

• If implement anaerobic digestion system: 

o Evaluate processes to maximize methane generation to be used for heating and 

electricity production. 

o Estimate potential energy generation and capital expenditures and operation costs. 

3.3.4. Ultraviolet Disinfection 

Ultraviolet system is one of the methods that can be used in disinfection systems at wastewater 

treatment facility. Disinfection process is a final treatment before discharging effluent into a body 

river. Key considerations in the process include the effectiveness of the technology, dose-pacing 

control and system turndown. The design of the system should concern about reducing the number 

of operating lamps and lamp output to meet flow conditions (Cantwell, 2010). 
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Chapter. 4 THAILAND WASTWATER TREATMENT 

4.1. Background 

Water pollution is one of the most major problems in Thailand. The rapid growth of 

industrialization and urbanization leads to waste generation without proper management and 

treatment. The sources of wastewater in Thailand are from domestic, industrial, and commercial 

activities. The wastewater is generated approximately 14 million m3/day (Khanayai). However, 

from the capacity of wastewater treatment in Thailand, which has only 101 wastewater treatment 

plants throughout the country, they can treat only 3.2 million m3/day (Khanayai). Therefore, 

Thailand’s wastewater treatment facilities are insufficient for treating all wastewater generated.  

Furthermore, the systems of wastewater treatment used in Thailand still have many problems such 

as an ineffectiveness, few skilled labors, lack of budget in wastewater sector, maintenance issues, 

and so on. The four common types of wastewater systems in Thailand are stabilization pond, 

activated sludge, aerated lagoon, and oxidation ditch, which are appropriate in term of area 

application. However, operation and maintenance after construction are commonly still ineffective. 

Moreover, sustainability has not been implemented in the facilities.   

4.2. Existing Wastewater Treatment Plants 

Figure 4.1 shows the location, capacity, and systems of wastewater treatment in Thailand. There 

are 101 plants throughout the countries. Some wastewater treatment plants are still under 

construction and some are delayed construction. The total wastewater capacity in Thailand are 

about 3.2 million cubic meter per day. The summary of number and capacity of wastewater 
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treatment facilities in Thailand is shown in Table 4.1.  

 

Figure 4.1 The System and Capacity of Wastewater Treatment Plants throughout Thailand 

Reference: Office of Water Quality Management: Municipal Wastewater Sector. 
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Table 4.1 The Number and Capacity of Wastewater Treatment Plants in Thailand 

Organization 
Completed 

construction (plants) 

Under 

construction 

(plants) 

Delayed project 

(plants) 
Total (plants) 

Northern 16 (255,809) 1 (9,000) - 17 (264,809) 

Northeastern 18 (353,466) - 1 (8,600) 19 (362,066) 

Central 29 (1,384,900) - 1 (525,000) 30 (1,909,900) 

Eastern 16 (298,400) - - 16 (298,400) 

Southern 17 (347,500) 1 (27,000) 1 (12,000) 19 (386,500) 

Total 96 (2,640,075) 2 (36,000) 3 (545,600) 101 (3,221,675) 

Note: (…) Means the capacity of the plant to accept wastewater in cubic meter per day. 

Reference: Office of Water Quality Management: Municipal Wastewater Sector, Pollution Control 

Department. 

4.3. Thailand Wastewater Treatment Systems 

There are many types of wastewater treatment systems in Thailand. The most common system is 

stabilization pond, which is commonly used in rural areas. Aerated lagoon and oxidation ditch, 

which are one type of activated sludge processes are also common processes used in Thailand’s 

rural areas. In urban areas, such as Bangkok, Pattaya, the typical system is the activated sludge 

process. There are other processes such as constructed wetland, rotating biological contactor 
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(RBC), fixed film activated sludge, sequencing batch reactor (SBR) and, modified sequencing 

batch reactor (MSBR). Figure 4.2 shows the fraction of the amount of wastewater treatment 

systems in Thailand. Furthermore, Table 4.2 shows benefits and drawbacks of each wastewater 

system.  

 

Figure 4.2 The Percentage of The Amount of Wastewater Treatment Systems in Thailand. 

Table 4.2 Benefits and Drawbacks of Each System 

Treatment process Benefits Drawbacks 

Waste-stabilization 

ponds  

Simple process, effective to treat 

pathogenic microorganisms, no 

power required, low construction 

and O&M costs, resistance, 

suitable for hot climates. 

Uses large area, depends on 

temperatures, odor problems with 

anaerobic and facultative ponds, 

fair removal efficiency, inflexible. 

SP

40% 

AL

19% 

OD

19% 

AS

13% 

SP+CW

3% 
CW

1% 
others

5%
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Aerated lagoons Resistance to shock loads, high 

BOD and pathogens removal 

efficiency, no odor and insect 

problems. 

Requires a large land area, high 

energy consumption (aeration 

system), high operation and capital 

costs, required skilled operators, 

possible further sludge treatment.   

Construct wetlands No oxygen required, low 

operation and maintenance cost, 

robust on peak loading, 

efficiency of pathogen removal 

Dependence on climates. 

Activated Sludge Processes 

Activated Sludge 

(AS) 

Effective, small land required, 

flexible, less odor, high 

resistance, minor odor problems. 

Requires continuous oxygen 

supply, High construction and 

O&M costs, complicated process, 

large sludge produced, some 

processes are sensitive to shock 

loads 

Oxidation ditch Higher treatment power, less 

land required than waste 

stabilization ponds, easier to 

operate than AS. 

high energy consumed. 

Sequencing batch 

reactor 

Equalization, biological 

treatment and secondary 

clarification can be achieved in a 

single reactor, flexible to operate 

and control, minimal footprint,  

Sophisticated process, high level 

of maintenance, potential of 

discharging floating and settled 

sludge, potential further treatment.  
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Rotating biological 

contractor (RBC) 

Short contact and retention time, 

low operating cost, low sludge 

production, high removal 

efficiency 

High maintenance cost, possible 

failure in the systems.  

Reference: Parr (2002) Singhirunnusorn (2009); United States Environmental Protection Agency.  

4.4. Case Studies in Thailand 

In this section, some examples of wastewater treatment systems in Thailand are reviewed by 

choosing different types of technologies and compared the efficiency and cost of the systems.  

Table 4.3 The Efficiency of Some Wastewater Treatments in Thailand 

 

Table 4.3 shows five different types of wastewater treatment commonly use in Thailand, which are 

stabilization pond, sequencing batch reactor, aerated lagoon, oxidation ditch, and activated sludge. 

This table provides the capacity of the plants, the actual inflow to the plant, the construction cost, 

the operation and maintenance costs, and BOD and SS removal ratio.  
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4.5. Sensitivity Analysis 

Developing an expert system in Excel® program, setting the criteria and then weighting and 

ranking are important method to determine overall processes. The weights depend on an area and 

local conditions. This study selects four different consideration, which are efficiency, simplicity, 

operation and maintenance costs, and energy efficiency to analyze by employing sensitivity 

analysis method. The following section presents and compares each common wastewater system 

used in Thailand by choosing different factors that affect wastewater technologies selection. 

Efficiency 

Efficiency of the technology is very significant. Thailand wastewater systems are very low 

efficiency. Therefore, concerning about improving the performance of the systems would be very 

beneficial. Table 4.4 shows weight of each criteria by setting the efficiency as the most important 

consideration. 
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Table 4.4 Weighing Criteria to Choose Wastewater Treatment Systems Concerning an Efficiency 

of the system 

Criterion Keys Weight 

Performance   

Efficiency Removal efficiency 30 

Simplicity Ease of construction, O&M 10 

Reliability Short and long term operation 20 

Cost   

Initial cost Construction cost 5 

O&M costs Operation and maintenance costs 10 

Sustainability   

Resource recovery Reuse/recycle 10 

Energy management Energy efficiency 10 

Solid volume reduction sludge produced/transportation 5 

Total  100 

 

After weighing all criteria, in Table 4.5, presents the ranks of each wastewater treatment systems.  
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Table 4.5 Ranking Wastewater Treatment Systems Concerning an Efficiency of the Systems 

 

According to Table 4.5, the best treatment is the activated sludge process because it can produce 

high effluent quality. Furthermore, the technology is more reliable than stabilization pond. 

However, stabilization pond treatment is the most common process applied in Thailand due to the 

simplicity and no energy required. Importantly, the quality of treated water from stabilization 

system is very low. If Thailand wants to improve the performance of the existing wastewater 

treatment facilities, changing the systems or adding new technologies would be the good options 

for the country.  

Simplicity 

In developing country, simple construction, operation, and maintenance should be concerned. Due 

to the problem of finding skilled labor, especially, in rural area, the technology should be simple, 

easy, and not complex. Table 4.6 weights each factor and sets simplicity as the most important one. 
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Furthermore, Table 4.7 presents the ranks of each treatment. 

 

Table 4.6 Weighing Criteria to Choose Wastewater Treatment Systems Concerning a Simplicity 

of the Systems 

Criterion Keys Weight 

Performance   

Efficiency Removal efficiency 15 

Simplicity Ease of construction, O&M 30 

Reliability Short and long term operation 15 

Cost   

Initial cost Construction cost 5 

O&M costs Operation and maintenance costs 10 

Sustainability   

Resource recovery Reuse/recycle 10 

Energy management Energy efficiency 10 

Solid volume reduction sludge produced/transportation 5 

Total  100 
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Table 4.7 Ranking Wastewater Treatment Systems Concerning a Simplicity of the Systems 

 

From Table 4.7, aerated lagoon should be applied when considering the simplicity of the 

technologies. Oxidation ditch and stabilization pond are also simple and easy to operate. In contrast 

with activated sludge and sequencing batch reactor, they are complex and sophisticate. Therefore, 

in the area that has few skilled workers, it is necessary to choose natural treatment.  

Operation and Maintenance Costs 

Cost is one of the most important factors that should be concerned in order to choose wastewater 

treatment systems in most developing countries. Due to the lack of funding provided by 

governments, it is necessary to select the systems that has low construction, operation and 

maintenance costs. The study sets operation and maintenance costs higher weight than construction 

cost because they are long-term expenses. Tables 4.8 and 4.9 presents the weights and ranks of 

each system by concerning costs of the systems as the most important factor. 
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Table 4.8 Weighing Criteria to Choose Wastewater Treatment Systems Concerning Costs of the 

Systems 

Criterion Keys Weight 

Performance    

Efficiency Removal efficiency 15 

Simplicity Ease of construction, O&M 10 

Reliability Short and long term operation 10 

Cost    

Initial cost Construction cost 15 

O&M costs Operation and maintenance costs 30 

Sustainability     

Resource recovery Reuse/recycle  5 

Energy management Energy efficiency 10 

Solid volume reduction sludge produced/transportation 5 

Total   100 

 
Table 4.9 Ranking Wastewater Treatment Systems Concerning Costs of the Systems 
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According from the result from Table 4.9, stabilization pond is the most cost effective system. In 

addition, activated sludge is the most expensive one. Therefore, focusing on costs of the 

technologies, wastewater facilities should select natural wastewater treatment systems. 

Energy Efficiency 

Energy efficiency is one of the most important considerations to choose wastewater treatment 

technologies. Well energy management is related to sustainability. It is important because it can 

help to save the cost of operating facilities by reducing energy consumption. Table 4.10 and 4.11 

shows weights and ranks of the systems by setting energy management as the most important factor. 

Table 4.10 Weighing Criteria to Choose Wastewater Treatment Systems Concerning an Energy 

Efficiency of the Systems 

Criterion Keys Weight 

Performance     

Efficiency Removal efficiency 15 

Simplicity Ease of construction, O&M 10 

Reliability Short and long term operation 10 

Cost     

Initial cost Construction cost 5 

O&M costs Operation and maintenance costs 10 

Sustainability      

Resource recovery Reuse/recycle  15 

Energy management Energy efficiency 20 

Solid volume reduction sludge produced/transportation 15 

Total   100 
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Table 4.11 Ranking Wastewater Treatment Systems Concerning an Energy Efficiency of the 

Systems 

 

The result from Table 4.11 is that oxidation ditch is the best treatment concerning about energy 

efficiency. Moreover, stabilization pond and aerated lagoon are also good options. The most 

undesirable is activated sludge due to the high-energy demand.  

From all results, Figure 4.3 shows the sensitivity analysis of each system. Sensitivity analysis is a 

technique applied to determine the different factors of an independent variable impact a dependent 

variable (Investopedia, n.d.). The results are varied depending on factors interested.  
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Focusing on four variable factors, which are efficiency, simplicity, costs, and energy efficiency. 

Figure 4.3 illustrates important results. When wastewater treatment facilities concern the cost as 

the most important factor, stabilization pond would be the best option. However, the result is the 

system would be very low efficiency. This means if the wastewater treatment facilities want to 

produce higher wastewater treatment quality, the facilities should modify to other systems such as 

activated sludge or aerated lagoon. The facilities should also adapt to new alternative wastewater 

treatments, which are provided in Chapter 2, Literature Review, in order to reuse or recycle 

reusable resources in wastewater. This will lead to lower their energy consumption, produce 

valuable resources, or even produce their own energy,  
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Chapter. 5 PROPOSAL OF SUSTAINABLE WASTEWATER TREATMENT 

Selecting the most appropriate wastewater treatment technology is not only about implementing 

the best technical solution at the lowest cost, but it is also about sustainability including social and 

environmental considerations. Wastewater treatment technologies in Thailand are ineffective due 

to the consideration of the ease of operation and low costs. However, one of the most important 

factors that should be concerned is an effectiveness because it directly affects public health and 

the environment. Stabilization pond, construct wetland or other natural processes are easy to 

operate, but the quality of effluent and reliability of the systems are very low. 

The objective of this study is to propose an approach to select appropriate and sustainable 

wastewater technologies and also a method to improve the existing wastewater facilities. The next 

section shows an expert system in Excel® program.  

5.1. An Expert System in Excel® program 

The study has developed an expert system in Excel® program to select the most appropriate 

wastewater treatment. In chapter 4, the program can be used to compare existing wastewater 

treatment technologies by weighting and ranking each system. Moreover, sensitivity analysis is 

implemented to compare the technologies, which can have different factors of consideration. In 

this chapter, an expert system is illustrated. Figure 5.1 shows the flowchart in the expert system. 

There are four main sectors in the system: Project Flowchart, Procedure Flowchart, Process 

Flowchart, and Decision Making Flowchart.  
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Figure 5.1 Flowchart of An Expert System 

 

After clicking the project box, the project flowchart is shown in Figure 5.2. Moreover, when click 

other boxes, the other section will be presented in Figure 5.3, 5.4, and 5.5. The expert program 

also employs Robust Decision Making method provided in Figure 5.5. The next section provides 

an example of wastewater treatment plant in Thailand and applies Robust Decision Making method 

to improve problems in the wastewater treatment facility 
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Figure 5.2 Project Flowchart in an Expert System 

 

From Figure 5.2, project flowchart aims to describe approaches to choose suitable wastewater 

treatment technologies. After starting the project, literature should be review in order to gather 

information about new alternative and sustainable wastewater treatment systems. Then setting the 

criteria, the criteria depends on the conditions and consideration of each area and then weighing 

and ranking each criterion. Finally, determine the most appropriate technologies.  
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Figure 5.3 Procedure Flowchart in an Expert System 

 

Figure 5.3 shows an example of weighing and ranking procedure. This focus on efficiency of the 

system as the most significant factor. Moreover, reliability is also one of the most key 

considerations. However, these criterions will be change due to the different conditions, such as 

weather, local government, area availability, skilled labored, and so on. 
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Figure 5.4 Process Flowchart in an Expert System 

 

Process flowchart is presented in Figure 5.4. This flowchart is very useful in order to design, plan, 

and select a wastewater treatment facility. The figure illustrates overall general wastewater 

treatment process. Moreover, the flowchart also provides alternative options that can be applies to 

select wastewater treatment technologies. 
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Figure 5.5 Decision Making Flowchart in an Expert System 

 

Decision Making Flowchart employs Robust Decision Making method to select or improve 

wastewater treatment facilities. The process selection will be described in the next section. 
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5.2. Example of Applying Robust Decision Making Tool 

The study implements Robust Decision Making tool to improve wastewater treatment in Thailand. 

Considering from the most common used so that stabilization pond in Sukhothai wastewater 

treatment facility will be used as an example. Table 4.6 provides the water quality before and after 

being treated in the wastewater treatment plant.  

Table 5.1 Effluent Quality in Sukhothai Wastewater Treatment Facility 

Parameters	 Unit	 Influent	 Effluent	

Suspended	Solids	 mg/l	 220	 130	

Total	Solids	 mg/l	 390	 320	

pH	 pH	 8.76	 8.91	

DO	 mg/l	 15.5	 15.8	

BOD	 mg/l	 4.8	 4.4	

 

From Table 5.1, the effluent quality does not meet the regulatory standard. Especially, the 

suspended solids, total suspended solids of the effluent are still high, which means the system is 

ineffective. The following figure (Figure 5.6) shows the wastewater systems in Sukhothai 

wastewater treatment facility. 
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Figure 5.6 Wastewater Treatment Systems in Sukhothai Wastewater Treatment Facility 

Sukhothai wastewater treatment implements stabilization pond to treat sewage. The first pond is 

anaerobic pond by restricting oxygen provided in that area. The second pond is aerobic process by 

providing oxygen to microorganism in wastewater and the last step is facultative pond. According 

to “Office of Natural Resources and Environmental Policy and Planning”, there are many problems 

from this system such as ineffectiveness, costs problems, maintenance issues and so on. 

Selecting wastewater systems is not rigid. It depends on conditions such as temperature, land 

availability, water quality, and so on. Figure 5.7 is the wastewater treatment flowchart in Excel® 

program that can be implemented to select, design, and improve wastewater treatment plant. 
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Figure 5.7 The Flowchart of Choosing Wastewater Treatment Processes in Excel® program 
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Table 5.2 Implement Robust Decision Making Method to Choose the Appropriate Wastewater 

Treatment Systems 

THINK	 		

Identify	issues	

1.	Low	efficiency	of	the	systems	

2.	Lack	of	skilled	labors	

3.	Problem	of	the	operation	and	maintenance	costs	

4.	System	maintenance	issues	

Plan	 		

Identify	options	

1.	Improve	the	systems	efficiency.	

Add	preliminary	stage:	coarse	screen	&	fine	screen	

Add	primary	stage:	Clarifier	

Improve	secondary	stage:	Add	more	baffles	(Plug	flow)	

Add	disinfection	process:	Chlorine,	UV	

Add	sludge	treatment:	Beneficial	use	(fertilizer)	

2.	Hire	more	skilled	labors	

3.	Add	more	budget	

4.	Select	more	reliable	systems	 	

Act	 		

Implement	strategies	

Look	 		

Monitor	and	evaluate	results	

Repeat	 		

Sustain	the	efficiency	of	the	systems	

Keep	updating	and	improving	the	systems	continually	

Repeat:	Identify	issues	
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From an expert system in Excel® program, Table 5.2 applies Robust Decision Making method to 

solve the problems in Sukhothai wastewater treatment. The issues are a low efficiency of the 

systems, lack of skilled labors, insufficient of operation and maintenance costs, maintenance issues 

after operating the systems. The plans to improve systems efficiency might be to add preliminary 

stage including coarse screen and fine screen to reduce total suspended solids, to add primary 

clarifier to settle the solids, to improve the secondary stage by adding more baffle to improve 

process performance, to add disinfection process such as chlorination or UV disinfection, and to 

add further sludge treatment. The sludge can be recycled to fertilizer or other beneficial uses. 

Furthermore, the plant should hire more skilled workers and the government should provide more 

budget in order to operate the system effectively. Selecting more reliable systems should be also 

considered. After implementing all strategies, the facility should monitor and evaluate the 

effectiveness of the plans. Finally, it is important to sustain the efficiency of the systems and keep 

repeating this Robust Decision Making method in order to improve an over systems efficiency. 
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Chapter. 6 CONCLUSIONS 

The selection of wastewater treatment systems must be based on sustainability. The significant 

factors such as performance, cost, and sustainability are considered to determine the success of 

wastewater systems. The objective of this study was to provide an expert system to choose an 

appropriate technology. Using Thailand wastewater treatment systems as an example can help in 

illustrating the problems in wastewater sector in most developing countries. The key problems of 

wastewater in Thailand and possible solutions are described. In addition, the recommendation and 

future study are also stated in this chapter. 

6.1. Problems and Solution 

One of the significant problems of wastewater treatment systems in Thailand is the lack of 

wastewater facilities to treat all wastewater produced from sources. Furthermore, the common 

systems used in Thailand are natural treatments, especially in rural area resulting in the low quality 

of treated water. One solution is that the government should focus on improving wastewater 

treatment sector in Thailand. The water quality can impact overall people’s health and the 

environment. Thus, it is necessary to build more wastewater treatment systems.  

An expert system in Excel® program is developed to provide a solution. A wastewater treatment 

facility can use this program to improve and solve a problem in the facility. Sensitivity analysis is 

applied in order to compare the uncertain consideration of choosing wastewater treatment 

technologies. The consideration depends on the local condition of each area. Importantly, Robust 

Decision Making tool should be applied to find out the way to improve existing wastewater 
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treatment facility and to choose the most appropriate wastewater treatment system. It can help to 

identify issues, find options, implement strategies, monitor results, and sustain and improve the 

systems efficiency.  

In developing countries, sense, efficiency, sustainable and simplicity are important concepts when 

designing a local wastewater treatment system. Sense mean the wastewater system must make 

sense for local conditions including finance, government, citizens, and the community. Efficiency 

of wastewater technology is also very significant. The systems should produce good water quality 

and meet regulatory standard. It directly affects public health and environment. Wastewater 

treatment system should be appropriateness, local fitness and sustainability. 

Sustainability is revised in the literature review section in this research. For example, Thailand 

wastewater treatment facilities can use anaerobic digesters to produce an energy to use in their 

plants. This can reduce energy demand and lower the operation cost. Furthermore, they can recycle 

their sludge produced from the treatments to be used as a fertilizer. The most important production 

in Thailand is rice. Thus, it will be very useful and sustainable if the wastewater treatment plants 

can produce a fertilizer. This can help both the wastewater facilities and farmers. Lastly, simplicity 

is one of the important concepts of choosing appropriate wastewater treatment technologies. 

Simplicity means simplicity of the management, the technology, and the details. Simplicity is 

reducing the level of complexity as much as possible and cutting the number of elements that could 

eventually lead to the failure of the system (Laugesen, 2010) (Rittman).  
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6.2. Suggestion and Future Study 

One of the key developments of wastewater treatment process is the community participation 

(Singhirunnusorn, 2009). It is important that every people should realize the important of water 

quality. Most people who live in poor rural area cannot get the good water quality like people who 

live in urban area. They should call for their right to get the appropriate wastewater treatment and 

water quality and improve their lives. Furthermore, providing the knowledge about wastewater 

problem and management to public is an important activity. For example, a community can initiate 

cleaning activities could raise public awareness and strengthen community participation.  

The future study could research about related factors that might affect wastewater activity such as 

social involvement, public participation, and government support. The knowledge and policy that 

related to wastewater management should be gathered and analyzed in order to find out the best 

solution of selecting the most appropriate wastewater treatment technologies.  
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APPENDIX A 

Thailand Wastewater Treatment Systems 
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