Civil and Environmental Research Www.iiste.org
ISSN 2224-5790 (Paper) ISSN 2225-0514 (Online) L'H.i.-l
Vol.13, No.4, 2021 IIS'E

Selection of Best Available Wastewater Treatment Technology:
Case of Bahir Dar University, Gish Abay Campus, Ethiopia

Yoseph Buat!  Atikilt Abebe?
1.School of Civil and Water Resources Engineering, Debre Markos Institute of Technology, Debre Markos,
Ethiopia
2.Faculty of Civil and Water Resources Engineering, Bahir Dar Institute of Technology, 26, Bahir Dar, Ethiopia

Abstract

Wastewater treatment in developing countries is not always sustainable due to the application of inappropriate
treatment technologies. Construction of best available wastewater treatment technology is a possible solution for
the improvement of environmental impact of the available treatment system (septic tank) for Gish Abay Campus,
Bahir Dar University. In this study a Multi-Criteria Analysis Decision Making tool is adopted to evaluate different
wastewater treatment technologies. A hybrid multiple-criteria decision making model based on the analytic
hierarchy process and the technique for order of preference by similarity to ideal solution is proposed as a tool to
evaluate and prioritize various wastewater treatment technologies. Wastewater treatment alternatives were
evaluated according to economical, technical, environmental and social criteria in which there are ten indicators
by equal weight and unequal weight scenarios. Expert responses were used in the selection of wastewater treatment
technologies to form different weight matrices. Depending on the priorities of the scenario the alternatives are
ranked based on their relative closeness to the ideal solution. The model is finally applied to select best available
wastewater treatment technology alternative among three options of sequential batch reactor, up flow anaerobic
sludge blanket, and septic tank with horizontal constructed wetland. The result of this study reveal that UASB is
best available wastewater treatment alternative. Sensitivity analysis also showed that a very stable ranking with
the leading alternative of up flow anaerobic sludge blanket.
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1 INTRODUCTION

Wastewater is one of today’s most important environmental issues that cause severe problems to humans, animals,
and the environment caused by improper management and technologies requiring skilled and experienced staff.
There is a risk of wastewater treatment technologies due to lack of operators technical and managerial capabilities
to perform (El-Naser, 2016).

Selection of best available wastewater treatment technologies that enable sustainable development presents a
challenge to national, regional and local policy makers. There is a large gap between municipal wastewater
(sewage) generation and available treatment methods. In the future, there will be tremendous efforts and
investment by the government to fill this gap through the implementation of best available wastewater treatment
technologies. In Ethiopia, the sanitation facility coverage gap remains unacceptably large and collection and
emptying mechanisms are one of the challenges. The habit of open field disposal of wastewater is one of the main
causes of soil and water contamination and consequently a cause of many communicable diseases. However,
streams and rivers passing large cities such as in Addis Ababa are utilized as sewer lines for domestic and industrial
wastes (Weldesilassie et al., 2009). Similarly, Wastewater disposal is a serious problem in Bahir Dar town, where
most of institutions and industries like Bahir Dar University discharge their effluents without proper treatments.
In case of Gish Abay Campus of Bahir Dar University, the wastewater management techniques are localized septic
tank system and centralized holding tank with continual desludging. Recent developments in wastewater treatment
technologies provide many options for the treatment of wastewater. Many technologies have been developed that
employ various treatment processes, both aerobic and anaerobic, highly mechanized to not highly mechanized,
including constructed wetland, up flow anaerobic sludge blanket (UASB) reactors, sequential batch reactor (SBR)
and stabilization pond, Therefore, there is the need for a decision making tool to aid in the selection of best
available wastewater treatment technology for the Campus. This is best done using Multi-criteria decision analysis
(MCDA).

2 MCDA Application for Selection of Wastewater Treatment Alternatives

MCDA had widespread application to environmental decision-making problems. The applications cover many
types of problems in the field, such as environmental planning (Plakas et al., 2016), landfill site selection (Sener
et al., 2006), and ranking different contaminated areas according to their need for sediment management; thus
conducted a comprehensive review of applications of multi-criteria decision analysis in environmental decision-
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making. The MCDA approach has also been used to address the problem of wastewater treatment alternative
selection. Four main criteria were used, and four alternatives were evaluated. Combined AHP with TOPSIS was
applied to the selection of optimal wastewater treatment alternatives. These studies show that efforts have been
made to address the problem of wastewater treatment alternative selection; however, the complete information
available to the decision maker (DM) is not utilized in the decision-making process.

1.2 Gaps Identified

Based on the literature survey research gaps were identified and are delineated as follows.

1. Most of methodologies adopted for selection of suitable technology for waste water treatment are on the
economic basis but for the sustainable development other factors need to be included such as environmental, social
and technical criteria’s. This study is aim to include economic, social, technical and environmental as evaluation
criteria.

2. Wastewater treatment technology with least life cycle cost may not be suitable for every location hence the
ranking of the treatment technology must be done depending on the scenario. This study is aim to rank different
treatment technologies based on the basis of two scenarios.

1.3 Problem Definition

Great efforts have been made at both global and local levels to encourage and support water supply and sanitation
programs in the developing world. Nevertheless, statistical data of 2016/2017 WHO and UNICEF joint monitoring
shows that approximately 64 percent of the World’s population are living without basic improved sanitation.
Although the technologies are available, it has proven difficult to implement them successfully, under the unique
local conditions of developing countries. It is the most challenging issue for environmental engineers and decision
makers to select and design locally best available wastewater treatment systems to meet the specific needs in
developing countries. In Gish Abay campus there is limited amount of land available reserved for accommodate
wastewater treatment plant. Thus, there is a need for systematic means to enables the selection of best available
wastewater treatment technology with small foot print that suits the campus. In this paper a multiple criteria
methodology for selecting best available wastewater technology from a set of feasible alternatives that satisfy local
needs.

2.Methodology
Available land area for the implementation of the wastewater treatment plant limits the type and the number of the
technology that are potentially applicable. There is proposed land in the campus with an area of 11648m?,
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Figurel: Available land in the campus extracted from Google earth

The review of MCDA methods suggests that AHP and TOPSIS are the competing and most widely used
methods. AHP is preferred when the information on attributes is available on Saaty’s scale, which results in
comparison of alternatives in the form of priority, however AHP is not useful when information on attributes is

available on a cardinal scale. A major limitation of AHP is that the maximum number of alternatives should be
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kept to less than seven to achieve consistency in the preferences, which makes TOPSIS a better option when there
are a large number of alternatives. In this study, hybrid AHP- TOPSIS is preferred for selection of best available
wastewater treatment technology. The following subsections describe the criteria and indicators used for the
selection of alternative, the articulated scenarios and the application of AHP-TOPSIS for selection of wastewater
treatment alternatives.

2.1. Criteria and Indicators
The wastewater treatment alternative selection problem involves decision making based on a finite number of
alternatives and criteria. Researchers have identified a number of relevant criteria covering technical, economical,
societal, and environmental aspects. These criteria can be quantitative or qualitative in nature. In MCDA, there are
two ways of measuring preference for a particular alternative under a given attribute, one with ordinal scales and
the other with cardinal scales (Pradip P. Kalbar, 2012). With ordinal scales, no numerical properties, such as ratios
or intervals, are used; characterization of objects is purely relational, and objects are rank ordered. Intensity of
preference is not apparent from ordinal scales.

Ordinal scales can be expressed in terms of numbers or verbal rankings, e.g., 1, 2, 3, 4, etc. or “bad,” “good,”
“excellent,” etc. Cardinal scales assign numerical values (numbers, intervals, ratios, etc.) to objects.
2.1.1. Benefit attributes
These offer increasing monotonic utility. That is, the greater the attribute value, the more it is preferred. An
example is performance efficiency.
2.1.2. Cost attributes
These offer decreasing monotonic utility. That is, the greater the attribute value, the less it is preferred. An example
is production cost.
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Figure 2 : Flow chart depicting the overall methodology

13



Civil and Environmental Research WWWw.iiste.org

ISSN 2224-5790 (Paper) ISSN 2225-0514 (Online) L'Hli,l
Vol.13, No.4, 2021 “s E

2.2 Estimated Land Requirement of Different Alternatives

From different literatures of Wastewater treatment technology alternatives investigated; four most commonly used
wastewater treatment technology alternatives in developing countries are pre selected and farter evaluated. These
technologies are: Sequential Batch Reactor (SBR), Waste Stabilization Ponds (WSP), Septic Tank plus horizontal
flow Constructed Wetlands (STHHFCW) and Up-flow Anaerobic Sludge Blanket (UASB) were evaluated in this
study.

Table 1: Estimated Land Requirement of different wastewater alternatives

Wastewater treatment technology Required land area (m*/m>/d)
SBR 1.33

WSP 21.67

ST+HFCW 4.9

UASB 2.7

Source: (Massoud et al., 2009), (Tchobanoglous et al., 1991)

2.3 Development of Main Criteria and Indicators

This study shows different factors to select appropriate wastewater treatment technology in the campus. Technical,
social, economic and environmental concerns are useful to develop a set of criteria and indicators useful for
evaluating appropriate wastewater treatment technology alternatives. Factors that must be considered in the
selection of wastewater treatment technologies have been widely researched into and as a result a wide body of
literature exist that list these important factors.

Appropriate treatment technologies being simple treatment processes of proven technology, capable of
providing any required effluent quality (technical criteria) at low investment, operation and maintenance costs
(economic criteria) with minimal impact on the environment (environmental criteria) and acceptable to users
(socio-cultural criteria) are required to overcome the challenges of wastewater treatment and management.

The developing process of criteria and indicators involves the following steps:
1.Identify the ideas or conceptual variables from the appropriate wastewater treatment technology concept; based
on literature review about the definition and understanding of appropriate treatment technology, an initial set of
criteria for the assessment of the treatment technologies have been identified.

2. Identify the dimension of interests in each conceptual variable;

3. Transformation of sub-criteria into indicators for data collection and measurements. i.e. operational variables
for measurements.

4. Organize all relevant variables into three hierarchical elements; namely, criteria, sub-criteria, and indicators;
Criteria’s: which are broadly defined, refer to the main ideas or concepts of appropriate wastewater treatment
systems for developing countries.

Sub-Criteria: demonstrate the dimension of interests in each criterion need to be assessed; however, they still
have conceptual characteristic.

Indicators: are the components or variables that indicate the state or conditions required by each sub-criterion.
These are real information that can be measured in different ways.

2.3.1 Quantification of Qualitative Indicators

There are four types of scales used to assign scores or values to attribute: nominal, cardinal, interval and ratio.
Cardinal scale is used to transform qualitative indicator and to measure differences from some point arbitrary (Odu
and Charles-Owaba, 2013).

Parameters are qualitative in nature and to quantify qualitative indicators, a cardinal scale of 1and 10. In this
study indicators of technical, environmental and social criteria’s considered as qualitative those described by
cardinal scale.

2.3.2 Economical Criteria

Economic criteria are one of the key factors acting as a constraint to the application of wastewater treatment
technologies and practices in developing countries. It addresses the potential financial obligation in terms of the
capital, operation and maintenance cost.

Economic criteria expressed as a net present value (NPV) of indicators quantified as the present value method
determine by CLARA Simplified Planning Tool (SPT) Software tool which allows the comparison of different
water and sanitation systems based on their

net present value (Lechner et al., 2014). This software tool is based on numbers of simplifying assumptions,
which allow the planner to use the SPT with the limited amount of data available at the planning stage of a project.
Ethiopia net Interest Rate - actual data and calendar of releases was last updated of 2018 is 7% as stated by national
bank of Ethiopia.

Net present value (NPV): NPV of a time series of cash flows, both incoming and outgoing, is defined as the
sum of the present values (PVs) of the individual cash flows of the same entity. NPV is a central tool in discounted
cash flow analysis and is a standard method for using the time value of money to appraise long-term projects. Each
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cash inflow/outflow is discounted back to its present value. Then they are summed. The net present value NPV is
calculated by:
Table 2: Indicators of economic criteria

Indicator Unit of quantification
Capital cost
Operation and maintenance co Total Cost in €
Rehabilitation cost

CLARA-SPT was applied to compare the life time cost of the proposed wastewater treatment
technologies. WWT technologies are planned to manage the domestic wastewater generated from Gish Abay
campus of Bahir Dar University. Input parameters for different WWT technologies are population equivalent
served; cost function and life spans in year.
2.3.3 Technical criteria’s
1. Performance
For the identification of an appropriate wastewater treatment technology for the study area, this study takes into
consideration the core purpose of a treatment plant, that is the removal of water quality contaminants.
Contaminants in wastewater are numerous but since the focus is on municipal wastewater treatment, the
conventional water quality constituents associated with wastewater treatment namely: BODs, COD and TDS were
quantified by adopting values considered to be typical removal efficiencies by technical literature of the different
wastewater treatment technologies.
Table 3: Indicators to evaluate performance

Indicators Unit quantification
BOD:s

COD Percent of removal
TDS

2. Reliability: refers to the possibility of different failures and the impact of failures upon effluent quality.

Table 4: Indicators to evaluate Reliability

Indicator Unit of quantification

Reliability 1-10 (cardinal scale)
2.3.4 Social criteria
In order to select the most appropriate WWT technology, the impact of each technology on the social welfare of
the study area must be evaluated.
1. Acceptability by users: The degree of acceptability of each treatment technology must be evaluated.
2. Healthy Effects on surrounding community: this sub-criterion represents the health impacts of each treatment
technology on people living nearby.
Table 5: Indicators of social criteria

Indicator Unit of quantification

Acceptability by users .

Healtlily Effe}::tsyon surrounding community 1-10 (Cardinal scale)
Description: 1= very low, 5=medium and 10= very high
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Table 6: Set of criteria and indicators for analysis

Criteria Indicator objective
economical(cl) capital cost(i) Determines the costs for civil and electro
mechanical work to implement the whole system.
operation and maintenance Determine the maintenance, personnel, and energy
cost(iz) and sludge disposal expenses.
rehabilitation cost (i3)
technical(c,) performance (is) Determines the extent of constituent removal
(particulate BOD and suspended solids) in the
wastewater.
reliability(is) evaluate the ability of response to hydraulic and
organic loading
complexity(i) determine the special needs of system operation
and maintenance
environmental(c3) noise generation(i;) determine the environmental impact due to noise

pollution due to moving parts
Odour production potential(ig) determine the environmental impact due to odour

generation
social (c4) acceptability by users (i) to actively involve the key stakeholders
healthy effects on surrounding reducing mortality due to diharial diseases
community (iio) and other type of diseases

2.4 Application of MCDM for Appropriate WWT Technology Selection
The problem is to choose the most appropriate treatment system for the specific area or rank the alternatives
according to how well they will perform. But in order to achieve this, the selection or ranking procedure must take
into account not only the technical capacities of the treatment alternatives but also the environmental, social and
economic concerns. This makes it a multi-criteria decision making problem which can better be resolved by a
Multi-criteria Decision Making method. A review of MADM methods and the nature of this decision problem
suggest that AHP and Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) are the most
appropriate methods to apply.AHP, as a complementary method, provides the input weights for the TOPSIS
procedure. Therefore, a questionnaire was designed based on AHP and TOPSIS principle.

The AHP method can be expressed in following steps:
(1) Construct a Comparison Matrix
A pair wise comparison matrix of criteria is constructed using a scale of relative importance.
After the calculation of relative importance, the pair wise comparison matrix is converted into a single-value
comparison matrix. The quantified judgments on pairs of criteria A7 and 4j are represented by nxn single-value
comparison matrix.

According to saaty scale, the available values for the pair-wise comparisons are:
08765432152 1.5.2.7.5.5
T T 23’4°5°6°7°8°9

(2). calculate the importance degree of each element
The weighting vector of a specific element & can be calculated through Equation (Sipahi and Timor, 2010)
(3) Consistency Test
The consistency of pair wise comparisons has to be checked before achieving a convincing result. The comparisons
will be considered reasonable only if the consistency ratio is equal to or less than 0.10. An approximation of the
ratio can be obtained using the algorithm described in Equation.
Table 7: Average random index value

N 1 2 3 4 5 6 7 8 9 10

RI 0 0 0.52 0.89 1.11 1.25 1.35 1.4 1.45 1.49

The wastewater treatment alternatives were evaluated against objectives using the identified evaluation
criteria, weightings of criteria and indicators by running the Microsoft Excel® spreadsheet, which use the AHP of
MCDA algorithm. Therefore, in order to ranking or prioritize the alternative, the local weight of each criteria and
indicators (C&I) and the local weight of alternatives with respect to each indicator are combine according to AHP
as follows:

In TOPSIS methods for ranking the finite set of alternatives is on the basis of multiple attributes.

Benefit attributes offer increasing monotonic utility which is the greater the attribute value, the more it is
preferred where as cost attributes offer decreasing monotonic utility which is, the greater the attribute value, the
less it is preferred.

TOPSIS is used for ranking the technologies based on the similarities to positive ideal solution. For cost
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attribute, lowest score of any alternative is called positive ideal solution and highest score is called negative ideal
solution. For benefit attributes say reliability, highest score is called positive ideal solution and lowest score is
called negative ideal solution. This method is based on the fact that the alternative will have better rank (or
preferred first) which is close to the separation measure of positive ideal solution (Di ) and farthest to the
separation measure of negative ideal solution (Di °). For ranking the alternatives based on the values of separation
measure of positive ideal solution (Di *) and separation measure of negative ideal solution (Di -) TOPSIS consider
both the distance simultaneously. Hence for considering both the distances simultaneously, ranking is done based
on the value of relative closeness index (R*i). Alternative having least value of relative closeness index (Rxi) will
be preferred first. To calculate separation measures (Di *and Di °) ,weighted normalized rating aij(of jth indicator
for /" alternative) is calculated by using normalized rating (rij) and normalized rating has been calculated by vector
normalization of score matrix of alternatives.

Based on the methodology discussed above Analytic Hierarchy Process (AHP) and Technique for Order
Preference by Similarity to Ideal Solution (TOPSIS) methods are designed. In this respect, the aim of using AHP
is to analyze the structure of the appropriate wastewater treatment alternative selection problem and obtain weights
of the selected indicators. Then, TOPSIS technique is used to calculate the alternatives’ ratings.

AS widely studied by different researchers and practitioners there are seven steps for the classical TOPSIS
method:

1. Create an evaluation matrix consisting of m alternative and n attributes, with the intersection of each alternative
and attributes given as x; with matrix (Xj)mxn.

2. Normalize the matrix (Xij)mxn to form the matrix R = (1jj)mxn using normalization method.

3. Calculate the weighted normalized decision matrix

4. Determine the negative ideal solution (ideal worst alternative) A”and the positive ideal solution (ideal best
alternative) A*.

5. Calculate the distance between target alternative i and the worst condition A™ and

6. Calculate the similarity to the worst condition

7. Ranking the alternative according to R*

2.5 Decision-Making Scenarios

In this study the selection of best available wastewater alternatives based on two scenarios those reflects a holistic
approach.

2.5.1 Equal Weight Scenario

In this study to represent equal weight scenario a hybrid AHP-TOPSIS were used; where decision makers have no
reason to make some indicators more important than the others. All weights are made equal to indicate equal
importance for all indicators. Such a uniform distribution is being applied for designed AHP-TOPSIS technique.
2.5.2 Unequal Weight Scenario

Under this scenario the weights of importance of the indicators for determining the most appropriate treatment
alternative for a campus are unequal and they are apportioned by the experts to reflect the treatment priorities. To
represent such an instance, AHP-TOPSIS method is adopted to determine the weights of indicators in this scenario.
AHP-TOPSIS application in the context of this study is based on the fact that, the decision matrix possesses a
certain amount of information that can be assessed to elicit the weights of importance of indicators.

3. RESULTS AND DISCUSSION
3.1 Land Requirement
The size and availability of land are the primary criteria determining the choice of wastewater treatment process.
In the context of this study, minimum land requirement is seen as a benefit because of limited land area for
wastewater treatment plant in the campus.

The available land size with respect to quantity of wastewater in the campus is 14.6 m?>/m%/d.

Land requirement of wastewater treatment plants indicates that there is a strong correlation between the land
requirement and wastewater flow.
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Figure 3 : Land requirement of different WWTT Alternatives

In this study, wastewater treatment alternatives are ranked for two scenarios case. Table shows the relative
distance matrix (score) for each of the three alternatives, with their respective ranks under each scenario. For the
“no scenario” case, for which all indicators are assumed to have equal weights, the alternatives have almost equal
scores, resulting in difficulty in selection of the most appropriate alternative. Equal scores suggest that all of the
alternatives are equidistant from the ideal and non-ideal solutions, which can be clearly conceptualized from Fig.
2. The “no scenario” radar plot in Fig. 2 shows that the PIS and NIS cover opposite areas. The alternative that is
most preferred should cover the maximum area under the PIS, i.e., it should be the alternative with the greatest
similarity to the

3.2 CLARA-SPT Cost Estimation Result of WWTT Alternatives

Input data’s: Period consideration =25years

Total cost of WWTT alternative is the sum of initial investment cost and recurrent expenses (i.e. O&M and
reinvestment costs) incurred over the planning period. Residual value is the remaining asset value of a system at
the end of the planning period, which is expressed as a negative value of costs (Ketema et al., 2014). The initial
investment cost and O&M cost of UASB is least as compared with other alternatives as shown in figure 4.

Cost and Revenue Distribution of Alternatives

€ 1,600,000 -
€ 1,400,000
€1,200,000
€ 1,000,000

€ 800,000
€ 600,000
€ 400,000
€200.,000
€0 -
-€200,000 +
-€ 400,000
_ Septic Tank +
]‘ /
UASB SBR HFCW
2 Y O/M Costs € 75,005 € 330,902 | € 593,402
®m Y Remnvestment Costs € 34,532 € 565,801 =0
B Investment Costs ' €40.,701 €244,603 €887,367
m T Revenues : €0 €0 €0
® Final Residual Values | -€8.344 -€ 135,152 -€3,276

Figure 4: Life time cost development of the three wastewater alternatives over 25 years
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UASB has least cost with CLARA-SPT software analysis. It was expected that these economic indicators would
have been judged as being important in selection of appropriate wastewater treatment technology.

Alternatives Cost-Behaviour

& €1.500.000
Z
e
< €1.000.000 ‘/'—’_
[x]
S
£ €500,000 —
€0
1 6 11 16 21
Period of Consideration (years)
— SBR Septic Tank + HFCW  =——T1JASB

Figure 5: Total cost development of the three wastewater treatment alternatives over 25 years

As per framework decided for the selection of appropriate wastewater technology; Data analysis has been
done for the calculation of cost (figure 5) and other qualitative parameters. The quantitative scores thus assigned
listed in Table 8. In this study scores of qualitative parameters has been taken on the cardinal scale of 1-10 (1for
worst condition and 10 for best condition).
Table 8: Normalized rating (rij) of three alternatives (Equal weight scenario)

Indicators SBR UASB Septic Tank + HFCW
Capital cost (€) 0.2655 0.0442 0.9631
Operation and maintenance cost (€) 0.4841 0.1097 0.8681
Rehabilitation cost (€) 0.9981 0.0609 0.0000
COD removal efficiency (%) 0.6362 0.4865 0.5988
BOD removal efficiency (%) 0.6286 0.4944 0.6004
TSS removal efficiency (%) 0.5967 0.4972 0.6298
Reliability 0.6623 0.5298 0.5298
Complexity 0.5270 0.8433 0.1054
Smell Impact 0.5523 0.0921 0.8285
Noise generation 0.5774 0.8083 0.1155
Acceptability by users 0.3885 0.8742 0.2914
Healthy Effects on surrounding community  0.5883 0.1961 0.7845
Table 9: Normalized rating (rij) of three alternatives (Un-Equal weight scenario)
Indicators SBR UASB Septic Tank + HFCW
Capital cost (€) 0.2655 0.0442 0.9631
Operation and maintenance cost (€) 0.4841 0.1097 0.8681
Rehabilitation cost (€) 0.9981 0.0609 0
COD removal efficiency (%) 0.6362 0.4865 0.5988
BOD removal efficiency (%) 0.6286 0.4944 0.6004
TSS removal efficiency (%) 0.5967 0.4972 0.6298
Reliability 0.6140 0.5581 0.5581
Complexity 0.5270 0.8433 0.1054
Smell Impact 0.5523 0.0921 0.8285
Noise generation 0.5774 0.8083 0.1155
Acceptability by users 0.3885 0.8742 0.2914
Healthy Effects on surrounding community  0.5883 0.1961 0.7845
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Table 10: Relative closeness index for three alternatives

ALTERNATIVES SBR UASB ST +HF CW
Scenario 1 Relative Closeness Index (Rx1) 0.477783 0.590242 0.489374
Rank 3 1 2
Scenario 2 Relative closeness index (Rx*i) 0.245 0.273 0.120
Rank 2 1 3

The overall result of the analysis for both scenarios (equal weight and unequal weight) shows that UASB
holds first rank.

3.3 Sensitivity Analysis

Sensitivity analysis is an essential technique used in MCA to examine the feasibility and reliability of treatment
alternative with regards to sub-criteria priorities. Thus, it is possible to explain the different preferences that the
analysis could make with respect to the criteria applied, and how they impact the results. Small changes in relative
weights would have major changes in the final ranking of alternatives. Such weights are usually based on highly
individual decisions and therefore, ranking stability under varying weights should be tested. In this study
sensitivity analysis was carried out by changing the relative weight of the criteria one at a time and taking a record
of the changes in the rank results. Analysis is performed to analyze the combined AHP and TOPSIS methodology
proposed in this study. For this reason, the criteria weights obtained from AHP are exchanged between two criteria
while the others are constant.

Table 11: Conditions for sensitivity analysis

Indicators Main 1 2 3 4 5 6 7 8 9 10 11 Equal
Capital cost (€) 0.056 0.106 0.03 0.137 0.137 0.137 0.256 0.306 0.089 0.191 0.242 0.081 0.1

Operation and maintenance 0.106 0.0558 0.106 0.106 0.106 0.106 0.106 0.106 0.106 0.106 0.106 0.106 0.1
cost (€)

Rehabilitation Cost (€) 0.03 003 0.0558 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.1
COD removal efficiency (%) 0.137 0.137 0137 0.0558 0.137 0.137 0.137 0137 0137 0.137 0.137 0,137 0.033
BOD removal efficiency (%) 0.137 0.137  0.137  0.137 0.0558 0.137 0.137 0.137  0.137 0.137 0.137 0.137  0.033

TSS removal efficiency (%)  0.137 0.137 0.137  0.137 0.137 0.0558 0.137 0.137 0.137 0.137 0.137 0.137  0.033

Reliability 0.256 0.256 0256 0.2356 0.256 0.256 0.0558 0.256 0.256 0.256 0.256 0256 0.1
Complexity 0.306 0.306 0306 0.306 0.306 0.306 0.306 0.0558 0.306 0.306 0.306 0306 0.1
Smell Impact 0.089 0.080 0.089 0.089 0.089 0.089 0.089 0.089 0.0558 0.089 0.089 0.089 0.1
Noise generation 0.191 0.191 0191 0.191 0.191 0.191 0.191 0.191 0.191 0.0558 0.191 0191 01
Acceptability by users 0242 0242 0242 0242 0.242 0.242 0.242 0.242 0.242 0.242 0.0558 0242 0.1

Healthy Effects on 0.081 0.081 0.081 0.081 0.081 0.081 0.081 0.081 0.081 0.081 0.081 0.0558 0.1
surrounding community
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Figure 0.10: Sensitivity analysis under different indicators weight

From Table 11 and Fig 4.10, it can be seen that the first case describes the unequal weight results of the hybrid
(combined) methodology. Also, UASB has the highest score in all cases except in case 7.

The final result that can be drawn from this sensitivity analysis is that the appropriateness of UASB for Gish
Abay campus is robust as it remains unchanged irrespective of the weight variation of the indicators except
reliability. This result shows that reliability is the most sensitive indicator in wastewater treatment technology
selection.

4. Conclusion

Gish Abay Campus of Bahir Dar University currently lacks improved wastewater treatment facility. As a result
this study focuses on selection of an appropriate wastewater treatment technology using combined AHP and
TOPSIS decision model as multi criteria decision making analysis tool. To achieve this goal identification and
analysis of different criteria’s and their indicators were performed. The AHP method was used to calculate the
weights of indicators, and the TOPSIS technique, which is based on the relative distance of alternatives from the
positive and negative ideal solutions simultaneously, was employed to prioritize the appropriate treatment
technology.

The result of this hybrid AHP-TOPSIS model showed that UASB is identified as an appropriate wastewater
treatment technology for both equal weight and unequal weight scenarios among the three wastewater treatment
technologies alternative considered in the study.

The sensitivity analysis indicates that ranking of alternative were influenced by reliability indicators. Finally
after implementing this appropriate treatment technology the status of wastewater management and sanitation of
the campus will improve as per the Ethiopian environmental standard.
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