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ABSTRACT

This paper analyzes the economic indicators for economically optimum yet appropriate
wastewater treatment processes for Thai application. As a part of the technology selection process,
the economic indicators including land requirements, construction costs, and operation and
maintenance (O&M) costs of 53 municipal wastewater treatment plants are evaluated using data
obtained from a questionnaire survey and secondary research. Using regression analysis, the study
develops economic indicator models for four processes—activated sludge, oxidation ditches, aerated
lagoons, and waste stabilization ponds. The analysis shows that land requirements and construction
costs are functions of design capacity and can be represented in the form of a power regression
(v = ax”). O&M cost is related to the actual flow rate and can be modeled using linear regression
(y = a + bx). Using the proposed models, the economic indicators for the identified alternatives in
different scenarios are calculated and compared. Results show that waste stabilization ponds require
much larger area than the other processes for the same size range. Activated sludge is the most
expensive for all size ranges. With increasing plant capacities, the construction cost differences
between activated sludge and the other processes becomes larger. Oxidation ditches have more
expensive annual O&M costs than the other processes, even greater than activated sludge. In a
follow-up study, the economic criteria of these four processes will be complied with data for other
aspects (technical, social, and environmental) and local conditions to form a decision making model

for selecting the appropriate wastewater treatment alternatives for Thailand.

INTRODUCTION

The failure of the Third World’s urban environ-
mental management, especially the urban sanitation
infrastructure, results from two major factors—the
shortage of resources and the deficiency of the deliv-
ery systems. Since the limitation of local resources is
the prime issue in most developing countries, costs of
the treatment system and land availability are among
the foremost factors for selecting the most appropriate
wastewater treatment system.

As a part of appropriate wastewater treatment se-
lection, this study examines the economic aspects of
various wastewater treatment processes for Thai ap-
plication. Utilizing data collected from the existing
Thai wastewater treatment plants (WWTPs), the paper
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analyzes land requirements, construction costs, and
operation and maintenance (O&M) costs for activated
sludge processes, oxidation ditches, aerated lagoons,
and waste stabilization pond processes. The results
from this study can be used as a guide for the general
cost comparisons of proposed treatment alternatives
and will be useful for planning the future wastewater
treatment plants.

BACKGROUND

Factors determining appropriate wastewater
treatment technologies differ from place to place ac-
cording to the unique local urban contexts. Contextual
differences exist even among developing countries.
Apart from the technical factors, this paper, as a fol-
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low-up study, utilizes the economic factors of waste-
water treatment processes to define the suitability as-
pects of technologies [1].

1. Economic Aspects of Appropriate Wastewater
Treatment Systems

Land requirement: The availability of the land is
one of major constraints determining the choice of
wastewater treatment systems. In most cases, space
sufficiency means not only the space to accommodate
the size of the present facilities, but also the possibil-
ity of future expansion. Since most wastewater treat-
ment systems are located outdoors, it may cause nega-
tive environmental impacts, such as noise and odor,
on the surrounding residences. Therefore, system site
and plot size should be sufficient to provide a buffer
to minimize the visual, odor and noise impacts.

Affordability: The financial aspect considers not
only the initial cost for construction and installation,
but also the ability of the local community to pay for
the continuing O&M costs. Treatment cost must re-
flect the level of household income and expenses [2].
In the context of developing countries, the ability-to-
pay is an important issue, reflecting a reasonable and
affordable payment for the user, which is determined
by the type of wastewater treatment.

2. Economic Factor Data Analysis

Costs of land, construction, and O&M are the
three major parameters of the total costs that are in-
cluded in the economic analysis. Using the regression
method, land usage and cost functions of wastewater
treatment plants are usually expressed in the form of
exponential Eq. 1:

y=ax’ (1)
where a and b are calculated coefficients; and x is de-
sign capacity (flow).

This form has been widely used to express and
compare land area requirements, construction costs,
and O&M costs among wastewater treatment alterna-
tives [3-9]. The results of this analysis can be used as
a guide for the general cost comparison of alternatives
in a decision making process. In this paper, the results
and equations of land requirements and construction
cost values are produced for specific systems and pre-
sented with respect to the design flow (m® d). O&M
costs are presented in relation to the actual flow rate
of each plant (details will be discussed later in this pa-

per).
3. The State of Wastewater Treatment in Thailand

In Thailand, most WWTPs exist only in munici-
pal or urban areas, due to the lack of budget and other
resources. There are 95 wastewater treatment projects
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Fig. 1. Type and size distributions of municipal
wastewater treatment systems in Thailand.

(including seven plants in Bangkok Metropolitan area)
with the total capacity of 3 Mm® d”', equivalent to ap-
proximately 20% of wastewater generated.

In most circumstances, treated wastewater in
Thailand is discharged to nearby inland waters such as
canals and rivers where maintaining an adequate dis-
solved oxygen concentration is necessary. In this light,
secondary treatment is required because primary
treatment alone is insufficient to treat the wastewater
to the target quality. Among the various wastewater
treatment processes, four types of secondary wastewa-
ter treatment alternatives that are widely used to treat
domestic wastewater in Thailand are considered in
this study: Activated Sludge (AS); Oxidation Ditches
(OD); Aerated Lagoons (AL); and Waste Stabilization
Ponds (WSP). All alternatives are aerobic biological
processes. The first two processes are forms of aerobic
suspended-growth biological treatment. The other two
processes are types of lagoon or pond treatment sys-
tems.

Figure 1 shows the type and size distribution
data for 53 municipal WWTPs used in the study. The
WSP process is the most frequently used treatment
process in provincial areas (45%) due to its simplicity
and the availability of land. The AS process, on the
other hand, is rarely used (11%) due to high energy
requirement and O&M complexity. Most treatment
plants are in the medium size cate}gories with the de-
sign capacities of 10,000-25,000 m’ d”!

METHODS

The study utilized a plant survey to acquire in-
formation regarding the characteristics of Thai mu-
nicipal WTTPs. A mail questionnaire survey was con-
ducted with plant operators of 63 treatment facilities
during the months of February and June 2007. A total
of 32 respondents participated in the survey (51% re-
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sponse rate). An additional 21 plants were added using
information from government maintained databases
[10]. A total 53 WWTPs were used to analyze eco-
nomic criteria.

RESULTS AND DISCUSSION
1. Land Requirements

The size and availability of land are the primary
criteria determining the choice of wastewater treat-
ment process. The area needed for a municipal system
usually depends on the level of treatment, types of
treatment systems and processes, and the size of a
treatment plant [8].

Figure 2 presents average values of land re-
quirements per design flow (m’ d") for different proc-
esses from 28 different treatment plants. These data
represent the entire area of the facilities including
plant footprints, pathways, offices, etc. The overall
data show, as expected, that more advanced processes
such as AS and OD require less area than the natural
treatment systems. WSP requires the most space per
m’ of daily design flow, or about 10 times more area
than the space required by AS and OD. Figure 2 also
shows the average area required per m® of daily design
flow for plants ranging in size from less than 5,000 to
100,000 m™ There is a presumption that larger plants
generally require less land per unit served due to an
economy of scale. Graphs in Fig. 2 clearly show a
strong economy-of-scale trend in WSP process, for
which the amount of land required per m® of design
flow decreases as the size of treatment plant increases.

Within the context of wastewater treatment pro-
jects developed in Thailand, data show that the selec-
tion of treatment processes for municipalities were at-
tributed to their levels of urbanization and availabil-
ities of lands. In highly urbanized municipalities and
tourism areas, such as Pataya, Hua Hin and Phuket,
where most of the economic activities are concen-
trated around these cities, land availability for a
wastewater treatment project is very limited and ex-
pensive. The choices of treatment process and plant
size tend to be a function of land cost. Data show that
an energy-intensive process particularly the AS proc-
ess is one of the most preferable treatment alternatives
in those areas. In lesser developed municipalities
where large plots of land are inexpensive and avail-
able, pond or lagoon systems are commonly used. Be-
side the urbanization factor, the choices of treatment
process and plant size also depend on the availability
of government land. In order to avoid buying private
owned land, the government usually provides land to
local authorities for wastewater treatment projects at
no financial cost.

In Fig. 3, the values of land requirements in m’
for the four processes are graphically presented as a
function of design capacity (m3 d'l). Models for land
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Fig. 3. Land requirements for identified wastewater
treatment alternatives.

requirements give a good fit to the data of all proc-
esses except for OD. With very high R” values, area
requirements for AS and WSP can be well explained
by their design capacities. Nevertheless, the moder-
ately high R*of 0.64 for AL and 0.60 for OD models
could indicate an acceptable goodness of fit between
the design capacity and land area requirement vari-
ables, suggesting a fairly strong predictive potential
for the models. Based on graphical data in Fig. 3, the
equations produced to express the land requirements
are summarized in the form of L = a0’ in Fig. 3 (Ta-
ble 1).

2. Construction Costs

The costs of construction mainly depend on the
capacity of the installation, which is expressed either
by design flow or by served population size; the qual-
ity of raw sewage to be treated; and the level of
wastewater treatment required [8,9]. This study uses
cost information from the survey and documented data
[10] to develop predictive equations. Construction
costs and corresponding design flows of 53 municipal
WWTPs throughout Thailand are evaluated.

Figure 4 shows the effect of design capacities on
construction costs in different processes and sizes.
Data of AL and WSP show that construction costs per
m’ d” decrease with increasing plant size, due to an
economy of scale. Because of a small number of AS
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Table 1. Land requirements and construction costs for wastewater treatment alternatives in relation to design capacities
(m® d'") and its annual O&M costs in relation to actual flows (m®* d™)

System N Models R’
Activated sludge 4 L=1467 Q"% 0.838
Oxidation ditches 7 L=183.398 01 0.596*
Aerated lagoons 6 L=9.876 0" 0.644%*
Waste stabilization ponds 11 =127.736 0% 0.8907%*
Activated sludge 6 C,=0.0031 Q"% 0.979%
Oxidation ditches 8 C.=0.0017 "1 0.604*
Aerated lagoons 11 Cc=0.0143 Q™! 0.822%
Waste stabilization ponds 23 Ce =0.0004 Q"% 0.790%**
Activated sludge 4 Coem =0.0529 + 1.31x10° F 0.996**
Oxidation ditches 10 Coam = 0.0963 + 1.02x10° F 0.789%
Acrated lagoons 8 Cogm = 0.0607 + 3.31x10° F 0.693**
Waste stabilization ponds 19 Coam = 0.018 +4.03x10° F 0.694**

*p <0.05; **p <0.01

L = Land requirement (m%; Q = Design capacity in m® d!; C¢ = Construction cost (million USD); Cogy = Annual operation and

maintenance cost (million USD); F = Actual flow in m® d™\.
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design capacities.

and OD plants, the result in small size categories
shows very little economy of scale for these processes.
AS shows the highest construction cost per volume
compared to other processes except in the 10,000-
25,000 m® d”' category. For this group, AS and WSP
data show comparable high construction costs per m’
treated.

Since the treatment plants were built and oper-
ated during different time periods, the construction
cost (in Thai Baht) of each plant is adjusted to give the
present value (PV) in the year 2007. The PV of the
historical cost (HC) is calculated by using Eq. 2:

PV,= HC,x (1+£)""! ()

where f;is inflation at different time .

The present value of construction costs are con-
verted to US dollar according to the official exchange
rate in 2007 (1 USD = 34.5 Baht) [11]. The construc-
tion cost functions of wastewater treatment processes
are expressed in the form of Cc = a b where C¢ is
construction cost; O is design flow (m’ d"); and @ and
b are calculated coefficients.

Within the flow range of 1,000-78,000 m’ d'l,
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Fig. 5. Construction costs for identified wastewater
treatment alternatives.

Fig. 5 and Table 1 provide best fit equations for esti-
mating construction costs for AS, OD, AL, and WSP
processes. These power regression equations are sta-
tistically significant (p < 0.02) with acceptably high R’,
indicating that the proportional construction cost is
greatly determined by the plant size.

3. O&M Costs

The annual O&M costs include the total cost of
four major components: personnel, energy, equipment
& chemical, and maintenance costs. The major factors
influencing the O&M costs include the treatment
processes and target effluent qualities to meet standard
requirements. The study considers the past year’s
O&M costs for WWTPs that are in operable condition
with similar effluent quality requirements. Plants in
very poor condition and subjected to major overhaul
or shut down during the survey are not considered in
the analysis. The O&M costs are related to the actual
flow rather than design capacity.

Figure 6 shows the overall annual O&M costs
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Fig. 7. Annual O&M costs for identified wastewater
treatment alternatives.

per actual unit of flow (m3 d'l) for different treatment
processes and sizes. The general trend of economy of
scale is observed as the actual flows to the plants in-
crease. Natural processes like WSP require 55-70%
lower O&M costs per volume of wastewater than the
more advanced and energy intensive processes, i.e. AS
and OD. In the small flow category (< 5,000 m® d),
data show the highest O&M costs in OD process fol-
lowed by AL and WSP systems. The O&M costs of
medium-sized AS and OD processes are somewhat
comparable.

The results of regression analysis are shown in
Fig. 7 and Table 1. Data show that the linear regres-
sion models give the best fit for estimating O&M
costs for all considered treatment processes. The lin-
ear regression equations are statistically significant (p
< 0.01) with high R>. The annual O&M costs are con-
siderably affected by the volume of wastewater being
treated.

4. Estimate of Economic Indicators

Using 200 L cap™ d' of average wastewater pro-
duction for developing countries, approximately 70%
or 140 L cap” d” of water consumption will be dis-
charged to collecting sewers (if available) or to receiv-
ing water [12,13]. Considering flow variations, the
study estimates the total design flow generated from
residential unit by using the rate of 210 L cap™ d™' or
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Fig. 8. Economic indicators for wastewater treatment
alternatives.

about 1.5 times the average sewage flow (140 L cap”
d™). The economic indicators for the four wastewater
treatment alternatives are compared in Fig. 8.

Figure 8 shows that WSP requires much larger
space for installation than the other processes with the
same design capacity range. The area required for AL
appears to be in the middle between the natural pond
system and the energy-intensive systems. The land re-
quirement for OD is slightly more than the land re-
quired for AS.

In terms of construction costs, AS is the most
expensive installation for all ranges of plant sizes.
With the increasing plant capacities, the construction
cost for AS grows accordingly and the cost differ-
ences between AS and the other processes become
larger. It is also interesting to observe that WSP proc-
ess becomes more expensive than AL and OD when
the plant sizes are approximately larger than 12,600
m’ d”' or serving more than 60,000 people.

The annual O&M costs for AS and OD are the
highest for all ranges of design capacities. From the
calculated results, the OD system, which is operated
as an extended aeration AS process, consumes the
highest O&M among all considered processes. On the
other hand, the graphs clearly show that WSP is the
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most economical process for Thailand.
CONCLUSIONS

A set of proposed economic indicators from a
previous study are used to assess the operating mu-
nicipal WTTPs in Thailand. The paper demonstrates
the economic criteria analysis of four wastewater
treatment processes. The predictive equations of land
requirements, construction costs, and O&M costs for
those different processes are proposed with the limita-
tions for Thailand application and other developing
countries having similar context. To develop a deci-
sion making model for selecting an appropriate
wastewater treatment system, the equations can be
used to calculate the economic indicators for the iden-
tified wastewater treatment alternatives in different
case studies (in the follow-up study).
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