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Abstract

Cost estimation is a significant consideration for the development and evaluation of sewage treatment plants. This chapter evaluated
the most cost-effective treatment scheme among the different sewage treatment plants that were designed in chapter four for the
study area. Project and annual operation and maintenance (O & M) costs of integrated anaerobic-aerobic sewage treatment plant
(IA-ATP) were compared to waste stabilization pond (WSP) and complete-mix activates return sludge sewage treatment plant
(ARSTP). For an average sewage flow of 9379 m3/day with BOD and SS of 350 mg/L and 360 mg/L, respectively, costs of sewage
treatment in integrated anaerobic-aerobic treatment plant, waste stabilization ponds, and complete-mix activates return sludge
sewage treatment plant were evaluated in 2015 US dollars. Results indicated that project costs of the ARSTP and WSP were higher
than 1A-ATP by about 14% and 34%, respectively. Consequences also showed that the annual O & M of the ARSTP cost was
tremendously higher than the IA-ATP and WSP by about 109%. Per unit cost of sewage treatment in the IA-ATP, was estimated
at USD 1.10/mé, while the values for the ARSTP and WSP were USD 1.36/m® and USD 1.46/m?®, respectively. Apparently, the
IA-ATP was obviously the most-cost effective sewage treatment scheme for the study area.
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I. INTRODUCTION

In addition to design and engineering process related features of sewage treatment plants, cost is a significant consideration for the
design and assessment of sewage treatment plants. Sewage treatment costs usually comprise of capital cost and operation
maintenance (O & M) cost. Cost estimates can be made from data reported for similar size sewage treatment plants with similar
sewage characteristics, and presented as either a cost versus flow curve or as an equation (Pavoni, and Perrich, 1977; Tsagarakis
et al,. 2003; Friedler, and Pisanty, 2009). Based on the purpose of this study, three types of sewage treatment plants (conventional
activated return sludge treatment plant, waste stabilization ponds and integrated anaerobic- aerobic treatment plant) were designed
to serve the study area in a centralized sewage treatment plant (Fig. 5.1). Thus, the principle objective of this chapter is to
determine the most cost effective treatment system among the three types of sewage treatment plants based on land requirement,
energy requirement, operation and maintenance cost (O & M), construction cost, machinery requirement, and technical staff
requirement.
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Fig. 5.1: Location of centralized wastewater treatment plant on the study area.
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I1. MATERIALS

A. Treatment Schemes

Three types of sewage treatment plants for the study area were designed in details: electromechanical treatment system (activated
sludge), waste stabilization pond (WSP), and integrated anaerobic-aerobic sewage treatment system. Each system is consisting of
primary treatment, secondary treatment, and chlorination system. Sludge management was also considered in design of activated
sludge system. Since, the WSP and integrated system requires long hydraulic retention time (HRT). Thus, produces well stabilized
sludge, anaerobic sludge digestion system was eliminated from these schemes (G. Tchobanoglous et al,. 2003). Fig. (5.1) depicts
the layouts of the treatment schemes.
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Fig. 5.1: Schematic layout of the treatment plants
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#. Capital and Operational Costs

Capital costs and operation and maintenance costs of activated sludge treatment process, rotating biological contactors (RBCs),
settler digester plus reed bed, biofilter, aerated lagoons and waste stabilization ponds (WSP) have been clearly situated by (Berland
and Cooper, 2001). This comparison is shown in Table 5.1.

Table - 5.1
Capital and annual operation costs (€/person) of small wastewater treatment plants for 1000 p.e. In France. (Berland and Cooper, 2001)
Treatment Process Capital Costs | Operational Costs
Activated sludge 230 115
Rotating biological contactor 220 7
Settler digester + reed bed 190 55
Biofilter 180 7
Aerated lagoons 130 6.5
Waste stabilization ponds 120 5.5

In addition of these materials, an appropriate lending interest rate was obtained from World Bank cross country data (Fig. 5.1)
which shows almost 15%.
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Fig. 5.1: Afghanistan lending interest rate.

I11. METHODS

. Design and Costs Calculations

Design criteria regarding influent sewage flow, number and size of the different sewage treatment schemes were taken from
Chapter 4. The concentration of BOD and other sewage constituents of the final effluent were set to meet the regulation requirement
in Chapter 4.

Costs were estimated in US dollars ($) based on Table (5.1) values and design cost was assumed 5 % and 2 % of the project cost
for activated sludge system and WSP and integrated system, respectively.

Land cost for the study area was obtained from local real estates during the overseas trip to the field. A vacant plot of (10 m X
10 m) was 300000 AFG that is equal to almost 5000US$" and become 50US$/m? (Author, 2014).
* 1 US$ = 60 AFG

H. Monetary Cost-Effectiveness Analysis of the Treatment Schemes

After estimating the capital and operation and maintenance (O & M) costs for each individual treatment plant, cost analysis was
performed to determine the most cost-effective scheme of sewage treatment.

Non-monetary parameters are not considered, such as operability, implement-ability, and performance reliability and flexibility.
The unit cost per m3 of sewage treated, 15% lend interest rate and 10 years design period, as the sewage plants are expected to
serve the study area without expansion for 10 years was used for cost analysis. Although the sewage treatment plants may be kept
in operation beyond the base year (2025).

The sewage treatment plant that represents the lowest unit per m® of sewage treated was considered the most cost-effective
sewage treatment plant for the study area.

The unit cost per m® of sewage was computed manually by dividing the sum of the annualized project cost and annual O & M
cost by the average design sewage flow and number of days per year. The annualized project cost can be estimated by multiplying
the project cost by the capital recovery factor (CRF). The CRF (McGhee, 1991) is a factor that converts the present project cost to
a series of equal payments at an interest rate (i) over the design period (n):
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CRF = i(1+H" cq
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IV. RESULTS

. Costs Results
Costs estimating and analysis for the treatment plants are summarized in Table 5.2.

Table - 5.2
Cost summary for activated return sludge, waste stabilization pond, and integrated anaerobic-aerobic sewage treatment plants.
Awerage Flow i i
No| ttemDescription | MerestRae | opp i Design periedf - \porp WSP IA-ATP | Remarks
(%) (m®/day) (Year)
1 Project Cost 19,037,477 | 22,544,025 16,765,540 USD

Unit process
2 | construction cost + 17,464,263 9,111,790 | 14,427,000 usD

equipment cost and etc.
Design Cost 5% for

3 | ARSTPand 2% for 873,213 182,236 288,540 usD
WSP and IA-ATP

4 Area (m?) o 14,000 265,000 41,000 m?

5 Cost / m’ 15.0% 0.199 2 10 50.0 50.0 500 | UsD/n?

6 Land cost o 700,000 | 13,250,000 | 2,050,000 usD

7 | AnnualO&Mand 8732132 | 417,623.7 | 417,623.7 | USDIyear
labor cost

8 | Annualized project cost 3,793,256 4,491,944 3,340,568 | USD/year

Annualized project cost
9 | Annual O& M cost 4,666,470 | 4909567 | 3,758,192 | USD/year
3

|| SO TAISEEE 1.3 143 110 | usoin?

treatment

Fig. 5.2 also compares unit process construction cost plus equipment cost, design cost, land cost and project cost. It is obvious that
the project cost for the integrated anaerobic-aerobic treatment plant (IA-ATP) is less than the activated return sludge treatment
plant (ARSTP) and waste stabilization pond (WSP), whereas unit process construction cost and equipment cost is higher than the
WSP and less than the activated sludge treatment plant.

Land cost of WSP is higher than activated return sludge system and integrated anaerobic- aerobic system; in between activated
sludge system and integrated system, land cost of integrated system is higher than the activated return sludge sewage treatment
system. Design cost of WSP is less than the activated sludge system and integrated system and in between the activated sludge
system and integrated system design cost of activated sludge system is higher than the integrated system.
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Fig. 5.2: Comparison of costs of treatment plants.

Fig. 5.3 shows that unit process construction cost and equipment cost, project cost, and design cost of activated sludge treatment
plant is higher by 21%, 14%, and 203% in comparison to the integrated system, respectively, but unit process construction cost
plus equipment cost and design cost of WSP is lesser by -37% in comparison to the integrated system. Project cost of activated
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sludge system and WSP is higher by 14% and 34% in comparison to the integrated system, respectively. Land cost of WSP is
extremely higher by 546% in comparison to the integrated system, whereas land cost of activated sludge treatment system is found

to be lesser by 66% in comparison to the integrated system.
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Fig. 5.3: Percent variation in costs of the ARSTP and WSP in comparison to the IA-ATP.

#. Operation and Maintenance Cost

Annual operation and maintenance (O & M) costs, nasalized project cost, and annualized project cost plus annual O & M cost are
shown on Fig. 5.4. Annual O & M cost for integrated system and WSP were estimated at 0.4 million USD, whereas annual O &
M cost for activated sludge treatment system was estimated at 0.8 million USD. Thus, the O & M cost of the activated sludge
treatment system is higher than the WSP and integrated system. Annualized project cost of activated sludge system and WSP is

higher than the integrated system, as shown in Fig. 5.4.

NN \

Fig. 5.4: Comparison of operation and maintenance costs of treatment plants.

Fig 5.5 shows that annual O & M cost of activated sludge system are higher by 109% in comparison to the integrated system.
Annual O & M cost of WSP is same as integrated system. Annualized project cost of activated sludge system and waste stabilization
is higher by 14% and 34%, respectively in comparison to the integrated system.
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Fig. 5.5: Percent increase in operation and maintenance costs of the ARSTP and WSP in comparison to the IA-ATP.

Annualized project cost plus annual O & M cost of activated sludge treatment plant and WSP are higher by 24% and 31%
respectively in comparison to the integrated system.

. Cost of per Cubic Meter Sewage Treatment

The cost of per m® of sewage treatment in activated sludge system, waste stabilization pond, and integrated system are presented

in Fig. 5.6.
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Fig. 5.6: Comparison of sewage treatment cost in the treatment systems (a), Percent Increase of sewage Treatment Cost of the ARSTP and

WSP in Comparison to the IA-ATP (b).

As per unit cost of sewage treatment, activated sludge system and waste stabilization pond are found to have unit costs of USD
1.36 and USD 1.43 per one m® of sewage, which are higher than the unit cost for the integrated system of USD 1.10/ m® by 24%
and 31%, respectively.

A. Project Cost

V. DISCUSSION

The project cost of integrated anaerobic-aerobic sewage treatment plant was estimated at about 16.7 million USD, whereas the
values for activated return sludge treatment plant and waste stabilization pond are approximately 19 and 22.5 million USD,
respectively, which indicates an obvious difference of 14% to 34% (Fig. 5.3). In terms of unit process construction cost and
equipment cost, the value for integrated anaerobic-aerobic sewage treatment system was estimated at about 14.4 million USD,
whereas the value for the activated return sludge treatment plant was higher by about 21%, and estimated at 17.4 million USD;

All rights reserved by www.ijste.org 70



Cost Comparison Analysis of Wastewater Treatment Plants
(1JSTE/ Volume 6 / Issue 1/ 014)

however the value for waste stabilization was lesser by -37%, and estimated at about 9.1 million USD (Fig. 5.3). From design cost
of view, the value for integrated anaerobic-aerobic sewage treatment system was estimated at about 0.288 million USD, whereas
the value for the activated return sludge treatment plant was extremely higher by about 203%, and estimated at 0.87 million USD,
but the value for waste stabilization was lesser by -37%, and estimated at about 0.18 million USD (Fig. 5.3). It should be noted
that the land costs account for about 4%, 59%, and 12% of the total project cost for activated sludge treatment plant, waste
stabilization pond, and integrated anaerobic-aerobic sewage treatment plant, respectively, based on the land price obtained from
the study area that the per m? land price is USD 50. Lower lend interest rate and land prices definitely consequences in lower
project costs.

#. Annualized Operation and Maintenance Cost

Annual operation and maintenance (O & M) and labor costs for integrated system and waste stabilization ponds system, and
activated sludge treatment system were estimated at 0.4 million USD, and 0.87 million USD per year, respectively, as presented
in Table 5.2 and Fig. 5.4.

Thus, the O & M and labor costs of integrated sewage treatment system and waste stabilization ponds system are quite same,
whereas the value for activated sludge system is quite higher than the integrated system and WSP systems by 109%, as shown in
Fig. 5.5. In terms of annualized project cost, the value for integrated anaerobic-aerobic sewage treatment system was estimated at
about 3.3 million USD, whereas the value for the activated return sludge treatment plant and WSP were higher by about 14% and
34% (Fig. 5.5), and estimated at 3.79 million and 4.49 million USD, respectively. According to annualized project cost plus annual
O & M and labor costs, the value for integrated anaerobic-aerobic sewage treatment system was estimated at about 3.7 million
USD, whereas the value for the activated return sludge treatment plant and WSP were higher by about 24% and 31% (Fig. 5.5),
and estimated at 4.6 million and 4.9 million USD, respectively. Obviously, the integrated system requires quite less annual O &
M and labor cost when compared to the electromechanical system (activated sludge system), and only same annual O & M and
labor cost when compared to the WSP system.

€. Sewage Treatment Cost

As per unit cost of sewage treatment, the integrated anaerobic-aerobic sewage treatment plant is found to have unit cost of USD
1.10/m?, whereas the values for the complete-mixed activated return sludge system and waste stabilization ponds are USD 1.36/m?
and USD 1.43/m?, respectively. The cost of per unit sewage treatment in activated return sludge system and waste stabilization
ponds are higher by 24% and 31%, respectively in comparison to the integrated anaerobic-aerobic sewage treatment plant.
Apparently, the integrated anaerobic-aerobic sewage treatment plant is the most cost effective option for the study area as it meets
the effluent requirements with the lowest cost.

V1. CONCLUSION

Based on the results of cost estimation and analyses of three different sewage treatment plants (activated return sludge sewage
treatment plant, waste stabilization pond and integrated anaerobic-aerobic sewage treatment plant) each treating average flow of
9379 m%/day with SS and BOD of 360 mg/L and 350 mg/L, respectively, and using the assumed costs that have been calculated
by (Berland and Cooper, 2001), the following findings and conclusions can be made:

The project cost of the complete-mix activated return sludge treatment plant and WSP in comparison to the integrated anaerobic-
aerobic sewage treatment system are higher by about 14% and 34%, respectively.

The annual O & M and labor cost of the completely mixed activated return sludge system is extremely higher by 109% in
comparison to the integrated anaerobic-aerobic sewage treatment system. Whereas the annual O & M and labor cost of WSP is
quite same in comparison to the integrated anaerobic-aerobic sewage treatment system. Annualized project cost and annualized
project cost plus O & M cost of activated sludge treatment plant and WSP are more than the integrated anaerobic-aerobic sewage
treatment plant by 14%, 34% and 24% 31%, respectively.

Per unit cost of sewage treatment in integrated anaerobic-aerobic sewage treatment plan is USD 1.10/m3, while the costs for the
complete-mixed activated return sludge system and waste stabilization ponds are USD 1.36/m?® and USD 1.43/m? respectively.
Considering the above cost findings, it is clear that the integrated anaerobic-aerobic sewage treatment plan is the most-cost effective
sewage treatment plant for the desired study area
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