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Abstract 

The current effluent standards emphasize on the removal of nutrients from sewage, and one solution 

is for establishments to install biological nutrient removal (BNR) technologies. However, there are 

several factors to be considered in installing or upgrading the technologies. Hence, the study utilizes 

two multi-criteria decision analysis (MCDA) tools to determine the important attributes and the 

optimal technology from the perspective of the academe, regulatory agency, and industry. Calibrated 

fuzzy analytical hierarchy process (FAHP) calculates the relative importance of the three criteria 

(implementability, financial, and socio-environmental) and twelve sub-criteria. On the other hand, 

the grey relational analysis is used to calculate the performance of the four selected alternatives: 3-

stage Bardenpho (A2O), 5-stage Bardenpho (5BP), sequencing batch reactor (SBR), and membrane 

bioreactor (MBR). Combining the results of calibrated FAHP and GRA provided the overall ranking 

of alternatives. Results showed that each sector prioritized different factors in the selection of the 

optimal BNR technology. The academe considers socio-environmental (0.43) as the most preferred 

criterion, while the regulatory agency and industry consider financial (0.36) and implementability 

(0.57), respectively. Overall, the three sectors agreed that the sequential batch reactor (SBR) is the 

optimal BNR technology (GRG = 0.69 - 0.79).  

Keywords: Biological nutrient removal, Fuzzy analytic hierarchy process, Grey relational analysis, 

Multi-criteria decision analysis, Sewage treatment 

Introduction  

Expanding sewerage networks and providing wastewater treatment systems remain 

challenging for water utility agencies in the Philippines [1, 2]. Due to rapid urbanization of 

cities and low investments, only few households are connected to sewerage networks and 

only 10% of wastewater are treated prior to disposal [1, 2]. Untreated wastewater is the main 
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cause of water pollution as it carries excessive amount of nutrients (nitrogen and phosphorus) 

to water bodies [1-3]. It promotes the growth of algal blooms which depletes the oxygen 

source essential to aquatic life [3, 4]. With polluted waters, there will be limitations in 

providing sufficient water supply for various applications to future cities [1, 2]. In 2016, the 

Department of Environment and Natural Resources – Environmental Management Bureau 

(DENR - EMB) released an administrative order requiring all establishments to upgrade their 

treatment facilities in limiting ammonia-nitrogen (NH3-N), nitrate-nitrogen (NO3-N) and 

phosphates (PO4
3-) concentrations [5]. To comply with the stringent requirements, 

stakeholders are considering in upgrading their facilities to biological nutrient removal 

(BNR) technologies [4]. 

BNR technologies are cost-effective alternatives which allow microorganisms 

present in wastewater, under certain conditions, to degrade organic matter [6, 7]. For 

example, nitrifying microorganisms convert ammonia to nitrates in aerobic conditions, while 

heterotrophic bacteria convert the nitrates to atmospheric nitrogen (N2) in anoxic conditions. 

Polyphosphate-accumulating organisms (PAOs) are facultative bacteria that release 

phosphates in wastewater while assimilating volatile fatty acids in anaerobic conditions and 

uptake excessive amount of phosphates in aerobic conditions. Phosphates are then wasted 

from the system as excess sludge [6, 7]. There are several studies that investigated the effect 

of flowrates, tank configuration, chemical addition for food source or phosphate 

precipitation, and other parameters to optimize the nutrient removal capability [8-10]. 

However, in the selection of the most suitable BNR technology, the different perspectives 

among decision makers, and the financial, operational, and socio-environmental aspects are 

considered to reach a conclusion [4, 11, 12]. This can be solved by utilizing multiple-criteria 

decision analysis (MCDA) tools which have provided sound analysis in several multi-

attribute complex problems such as selection of optimal technologies, materials, and 

suppliers [4, 11-25].  

The study presents the application of two MCDA tools to determine the preferred 

BNR technology of the three sectors (academe, regulatory agency, and industry) for sewage 

treatment in the Philippines. Calibrated fuzzy analytical hierarchy process (FAHP) 

determines the relative importance of the attributes while grey relational analysis (GRA) 

calculates the ranking of alternatives. FAHP, proposed by van Laarhoven and Pedrycz, 

structures the problem in a hierarchical manner [26]. The topmost level represents the 

problem statement, followed by criteria and sub-criteria in the intermediate levels, and 

alternatives in the bottom level [13-15]. FAHP quantifies the ambiguity of the decision 

makers’ value judgements into triangular fuzzy numbers denoted as �̂�𝑖𝑗 = < lij, mij, uij >, 

where lij, mij, and uij are the lower, modal, and upper values, respectively, between attributes 

i and j [13-15]. Several studies utilized FAHP alone or combined with other MCDA tools in 

solving environmental-related problems. Tan et al. used FAHP to evaluate three 

technologies for municipal wastewater treatment based on four criteria (technical, 

environmental, ease-to-upgrade, and net present value) [13]. Karimi et al. compared the 

results of using AHP and FAHP in evaluating different aerobic wastewater treatment 

processes at three criteria levels [15]. Ghassemi and Danesh applied FAHP with technique 

for order of preference by similarity to ideal solution (TOPSIS) for the selection of the 

optimal desalination process based on three criteria (environmental, technical, and 

economical) and ten sub-criteria [16]. On the other hand, Deng proposed utilizing GRA for 

solving multi-attribute problems with limited and uncertain information [18, 20, 24, 27, 28]. 
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There are studies that utilize GRA as a stand-alone tool [17, 20, 28]. However, it provides 

inaccurate results in assuming equal importance among attributes [29]. Hence, other studies 

combine GRA with other MCDA tools to capture the preferred attributes of the decision 

makers [11, 24, 29]. Zeng et al. evaluated four wastewater treatment alternatives based on 

three criteria and eight sub-criteria by combining AHP-GRA [11]. Pakkar integrated AHP, 

GRA, and data envelopment analysis (DEA) for appropriate site for disposing nuclear wastes 

[29]. DEA evaluates the performance of each alternative in both desirable and undesirable 

scenarios [29]. Pophali et al. applied AHP-GRA in the selection of wastewater treatment for 

tanneries in India based on three criteria (economic, technical, and administrative), and 

thirteen sub-criteria [30]. Studies by Eusebio et al. and Ilangkumaran et al. applied FAHP 

instead with GRA to select the most suitable treatment alternatives [18, 19]. Eusebio et al. 

used five criteria, namely, energy requirements, land footprint, system efficiency, economic 

viability, and maturity of technology for the optimal desalination system [18]. Ilangkumaran 

et al. determined the appropriate wastewater treatment technology based on three criteria 

and thirteen sub-criteria [19].  

Methodology 

The study determines the optimal BNR technology for sewage treatment in the Philippines 

based on the perspective of three sectors. The difference in the prioritization of several 

factors is presented with the use of calibrated FAHP and GRA. The methodology of the study 

is summarized in Figure 1.  

 

Figure 1. Methodology flow chart.  

The hierarchical structure is presented in Figure 2. The topmost level represents 

the main objective which is to determine the optimal BNR technology for sewage treatment 

in the Philippines. The criteria and its sub-criteria were determined through literature reviews 

and focus group discussion with experts on wastewater treatment. The chosen twelve sub-

criteria were categorized based on three criteria: implementability (C1), financial (C2), and 

socio-environmental (C3). Lastly, the alternatives are 3-stage phoredox (A2O), 5-stage 

Bardenpho (5BP), sequential batch reactors (SBR), and membrane bioreactors (MBR). The 

alternatives were selected based on the assessment conducted by Pausta et al. and 

Promentilla et al. [4, 14]. Pausta et al. discussed that BNR technologies such as University 

Cape Town (UCT) and Virginia Initiative Plant (VIP) are least preferred to be installed in 
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urban areas in the Philippines [4].   The 3-stage phoredox (A2O) consists of three tanks where 

wastewater is treated at anaerobic, anoxic, and oxic conditions. Nitrate-rich liquor is recycled 

from the aerobic zone to the anoxic zone, and activated sludge is recycled back to the 

anaerobic zone. The 5-stage Bardenpho (5BP) utilizes one anaerobic zone and two 

simultaneous anoxic and aerobic zones. The rich nitrate liquor from the first aerobic zone is 

recycled back to the first anoxic zone [6, 7]. In membrane bioreactors (MBR), membrane 

modules in the aeration basins are utilized for separation of solids and pathogenic 

microorganisms from treated wastewater [7]. Lastly, the sequencing batch reactor (SBR) 

performs cyclic physical and biological treatment in a single complete-mix reactor [6, 7]. 

The definitions of the criteria and sub-criteria are listed in Table 1. 

 
Figure 2. The constructed hierarchical network for optimal selection of BNR technology.  

Calibrated Fuzzy Analytical Hierarchy Process 

Experts with wastewater treatment background from the academe, regulatory agency, and 

industry made pairwise comparisons of the criteria as well as the sub-criteria [18]. The 

obtained value judgements were converted to corresponding TFNs from Promentilla et al. 

(see Table 2) [14]. For each sector, the fuzzy value judgements were aggregated into one 

fuzzy pairwise comparison matrix 𝐴 ̂ using the geometric mean method [12, 14]. The 

comparison matrix  𝐴 ̂ is represented as [14]: 

𝐴 ̂ = [

〈1,1, 1〉 �̂�12 … �̂�1𝑛

�̂�21 〈1,1, 1〉 … �̂�2𝑛

⋮ ⋮ ⋱ ⋮
�̂�𝑛1 �̂�𝑛2 … 〈1,1, 1〉

]  

𝑤ℎ𝑒𝑟𝑒 �̂�𝑖𝑗  =  〈𝑙𝑖𝑗, 𝑚𝑖𝑗 , 𝑢𝑖𝑗〉;  �̂�𝑗𝑖  =  〈
1

𝑢𝑖𝑗
,

1

𝑚𝑖𝑗
,

1

𝑙𝑖𝑗

〉 . 

 

(1) 

 

 

The priority weights of the criteria and sub-criteria were calculated using the 

proposed non-linear programming (NLP) method in LINGO 18.0 software [12, 13, 18]. The 

NLP method determines the weights while maximizing the judgement consistency ʎ for each 

comparison matrix. ʎ approaching 1.0 denotes a perfectly consistent judgement [4, 12, 13]. 
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Table 1. Definition of Criteria (C) and Sub-Criteria (S) 

Criteria (C) / Sub-criteria (S) Definition 

Implementability (C1)  Technical aspect of the technology with regards to 

the operation and capability of the system 

Robustness (S1) Ability to withstand or adjust to the changes 

Energy requirement (S2) Capability of the system to operate with less energy 

requirement 

Ease of operation (S3) Complexity of the BNR technology in terms of 

maintenance and automation 

Maturity of technology (S4) The readiness of the technology for operation since 

the technology has been thoroughly studied based on 

several parameters 

Space requirement (S5) The land area needed for operating the system 

Financial (C2)  Costs associated with the implementation and 

operation of the system 

Capital cost (S6) Investment of the company to install or construct a 

BNR technology 

Operating and maintenance 

(O&M) cost (S7) 

Incurred cost to maintain a steady operation (energy, 

staff, maintenance, miscellaneous) 

Return of investment (S8) Efficiency of the investment to gain profit from the 

technology with time consideration 

Socio-Environmental (C3) Perception and acceptance of the people to the 

installation of BNR technology;  

Compliance of the technology based on the standards 

imposed by the regulatory agency 

Nutrient removal efficiency (S9) Capability of the technology to achieve the effluent 

wastewater standards imposed by the DENR 

Social acceptability (S10) Perception based on odor, visual, and noise impacts 

Tariff (S11) Willingness of the people to pay additional cost for 

the adoption of the new technology 

Feasibility (S12) Marketability of the technology in the community 

Table 2. Triangular Fuzzy Number Equivalents for the Linguistic Scale from 

Promentilla et al. [14] 

Linguistic Scale Fuzzy 

Number 

Lower 

Bound 

(lij) 

Modal 

Bound 

(mij) 

Upper 

Bound 

(uij) 

Equally (EQ) 1 1.0 1.0 1.0 

Slightly More (SM) 2 1.2 2.0 3.2 

Moderately More (MM) 3 1.5 3.0 5.6 

Strongly More (ST) 5 3.0 5.0 7.9 

Very Strongly More (VS) 8 6.0 8.0 9.5 

A separate scoring system was developed for experts to evaluate the performance 

of each alternative based on the twelve sub-criteria. The scoring system determines the 

desirable attributes or sub-criterion j for each alternative i as shown in Table 3 [18].  
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Table 3. Scoring Sheet Template for the GRA 
Criteria/ 

Subcriteria 

Score 

1 2 3 4 5 

Im
p

le
m

en
ta

b
il

it
y

 

Robustness Not  

flexible 

Slightly 

flexible 

Flexible Moderately 

flexible 

Highly 

flexible 

Energy 

Requirement 

Very  

high energy 

High  

energy 

Medium 

energy 

Low energy No energy 

Ease of 

Operation 

Very 

difficult 

Difficult Easy Very Easy Automated 

Maturity of 

Technology 

Research 

stage 

Develop-

ment stage 

System 

improvement 

Well- 

Established 

system 

Industrial 

application 

Space 

Requirement 

Very  

small 

Small Medium Large Very  

large 

F
in

a
n

ci
a
l 

Capital Cost Very  

high 

investment 

High 

investment 

Low 

investment 

Very  

low 

investment 

No 

investment 

O&M Cost Very  

high cost 

High cost Low cost Very  

low cost 

No cost 

Return of 

Investment 

Very low Low Moderate High Very high 

S
o
ci

o
-E

n
v
ir

o
n

m
en

ta
l 

Nutrient 

Removal 

Efficiency 

Low 

nutrient 

removal 

Low to 

moderate 

nutrient 

removal 

Moderate 

nutrient 

removal 

Moderate to 

high 

nutrient 

removal 

High 

nutrient 

removal 

Social 

Acceptability 

Not 

acceptable 

Slightly 

acceptable 

Acceptable Moderately 

acceptable 

Highly 

acceptable 

Tariff Not willing 

to pay 

Slightly 

willing  

to pay 

Willing  

to pay 

Moderately 

willing  

to pay 

Very 

willing  

to pay 

Feasibility 
Very 

difficult to 

market and 

implement 

Difficult to 

market and 

implement 

Easy to 

market and 

implement 

Moderately 

easy to 

market and 

implement 

Very easy to 

market and 

implement 

The raw data for each group were aggregated by average and were normalized using 

either larger-the-better or smaller-the-better attributes presented in Equation 2 and 3 [28]: 

𝑥𝑖𝑗 =
𝑦𝑖𝑗−𝑀𝑖𝑛𝑦𝑖𝑗,𝑖=1,2,….,𝑚

𝑀𝑎𝑥{𝑦𝑖𝑗,𝑖=1,2,….,𝑚}−𝑀𝑖𝑛𝑦𝑖𝑗,𝑖=1,2,….,𝑚
 𝑓𝑜𝑟 𝑖 = 1,2, … . , 𝑚  𝑎𝑛𝑑  𝑗 = 1,2, … . , 𝑛  (2) 
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𝑥𝑖𝑗 =
𝑀𝑎𝑥{𝑦𝑖𝑗,𝑖=1,2,….,𝑚} −𝑦𝑖𝑗

𝑀𝑎𝑥{𝑦𝑖𝑗,𝑖=1,2,….,𝑚}−𝑀𝑖𝑛𝑦𝑖𝑗,𝑖=1,2,….,𝑚
 𝑓𝑜𝑟 𝑖 = 1,2, … . , 𝑚  𝑎𝑛𝑑  𝑗 = 1,2, … . , 𝑛  

(3) 

where yij and xij are the performance value and comparability sequence or sub-criterion j of 

alternative i, respectively [18, 28]. Equation 3 is adopted for the data on space requirement 

since it is desirable if the technology can be installed in limited space, while Equation 2 is 

adopted for the remaining sub-criteria.  The comparability sequence xij denotes the 

approximate characteristic of sub-criterion j of alternative i with reference to the ideal value 

(x0j) of 1.00 [18, 28]. It implies that xij values approaching or equal to 1.0 are considered as 

strong or best attributes of alternative i [18, 28].  

The grey relational coefficients were calculated using the following equations [28]: 

𝛾(𝑥0𝑗 , 𝑥𝑖𝑗) =  
∆𝑚𝑖𝑛+ 𝛿∆𝑚𝑖𝑛

∆𝑖𝑗+ 𝛿∆𝑚𝑎𝑥
 𝑓𝑜𝑟 𝑖 = 1,2, … . , 𝑚 𝑎𝑛𝑑 𝑗 = 1,2, … . , 𝑛, (4) 

∆𝑖𝑗 = |𝑥0𝑗 − 𝑥𝑖𝑗|, (5) 

∆𝑚𝑖𝑛 = 𝑀𝑖𝑛{∆𝑖𝑗, 𝑖 = 1,2, … . , 𝑚; 𝑗 = 1,2, … . , 𝑛}, and (6) 

∆𝑚𝑎𝑥 = 𝑀𝑎𝑥{∆𝑖𝑗, 𝑖 = 1,2, … . , 𝑚; 𝑗 = 1,2, … . , 𝑛}, (7) 

where 𝛿 is the distinguishing coefficient that can be varied from 0 to 1. The reference or 

ideal sequence (x0j) equal to 1 and distinguishing coefficient of 0.50 were applied in the 

study [18, 20, 28].  

Lastly, the ranking of alternatives was determined by computing the grey relational 

grade (GRG) in Equation 8 [18, 20, 28]. This was carried out by combining the global 

weights (wj) from the calibrated FAHP and the computed grey relational coefficients from 

Equation 4. The alternative with the highest GRG is the optimal BNR technology for sewage 

treatment in the Philippines. 

Ʈ(𝑋0, 𝑋𝑖) =  ∑ 𝑤𝑗𝛾(𝑥0𝑗 , 𝑥𝑖𝑗)𝑛
𝑗=1  𝑓𝑜𝑟 𝑖 = 1,2, … . , 𝑚  (8) 

Results and Discussion 

The academe, regulatory agency, and industry are responsible for the implementation and 

development of BNR technologies in the country. Each sector has preferred criteria and sub-

criteria based on generated weights using the NLP method in Tables 4-6 [12, 13].  

The academe provides insights based on literature and research. Based on the 

results, socio-environmental (0.4286) is the most important criterion, followed by financial 

(0.2991) and implementability (0.2723). Feasibility (0.1428) ranked the highest among other 

sub-criteria, implying preference on technologies that can be possibly operated locally given 

several constraints. Space requirement (0.0721) ranked highest under implementability and 

this attributed to the limited land area for installation, especially in urban areas. Lastly, return 
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of investment (0.1334) ranked highest under financial. Since BNR technologies will be the 

trend for wastewater treatment in the Philippines, it could encourage stakeholders to invest 

for compliance with the current effluent standards. In addition, a high return of investment 

can prompt stakeholders to support research activities on BNR technologies. 

Table 4. The Weights of Criteria and Sub-criteria for the Academe 

Criteria Weight Sub-Criteria Weight 

Implementability (C1) 0.2723 

Robustness (S1) 0.0503 

Energy Requirement (S2) 0.0659 

Ease of Operation (S3) 0.0435 

Maturity of Technology (S4) 0.0404 

Space Requirement (S5) 0.0721 

Financial (C2) 0.2991 

Capital Cost (S6) 0.0425 

O&M Cost (S7) 0.1232 

Return of Investment (S8) 0.1334 

Socio-Environmental (C3) 0.4286 

Nutrient Removal Efficiency (S9) 0.1350 

Social Acceptance (S10) 0.0668 

Tariff (S11) 0.0840 

Feasibility (S12) 0.1428 

The regulatory agency is responsible for implementing laws and regulations, as 

well as checking the compliance of establishments. Financial (0.3570) has the highest 

weight, followed by implementability (0.3513) and socio-environmental (0.2917). O&M 

cost (0.1589) received the highest weight among the sub-criteria. This may be attributed to 

the effect of O&M costs in the amount the consumers have to pay for treatment services [1, 

3]. Maturity of technology (0.1319) and nutrient removal efficiency (0.1301) ranked highest 

based from its respective criterion. Due to the grace period allotted for establishments to 

comply with the current standards, the sector prefers technologies with capability to meet 

the standards. 

Table 5. The Weights of Criteria and Sub-criteria for the Regulatory Agency 

Criteria Weight Sub-Criteria Weight 

Implementability (C1) 0.3513 

Robustness (S1) 0.0541 

Energy Requirement (S2) 0.0588 

Ease of Operation (S3) 0.0698 

Maturity of Technology (S4) 0.1319 

Space Requirement (S5) 0.0368 

Financial (C2) 0.3570 

Capital Cost (S6) 0.0469 

O& M Cost (S7) 0.1589 

Return of Investment (S8) 0.1511 

Socio-Environmental (C3) 0.2917 

Nutrient Removal Efficiency (S9) 0.1301 

Social Acceptance (S10) 0.0511 

Tariff (S11) 0.0218 

Feasibility (S12) 0.0887 

The industry sector provides treatment services to the community and is 

responsible for complying with the stringent requirements implemented by the regulatory 

agency. From the results in Table 6, space requirement (0.2010), under implementability 
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(0.5742), heavily affected their decision due to limited land area for installation, especially 

in urban areas. O&M cost (0.0961) ranked highest under financial due to the additional cost 

incurred from retrofitting or installing additional treatment facilities. Lastly, tariff (0.0841) 

was the most preferred sub-criterion under socio-environmental criterion. This is because 

the operating and maintenance costs for installing treatment facilities are recovered when 

consumers are willing to pay for the services rendered [1, 3].  

Table 6. The Weights of Criteria and Sub-criteria for the Industry Sector 

Criteria Weight Sub-Criteria Weight 

Implementability (C1) 0.5742 

Robustness (S1) 0.0912 

Energy Requirement (S2) 0.0900 

Ease of Operation (S3) 0.0857 

Maturity of Technology (S4) 0.1064 

Space Requirement (S5) 0.2010 

Financial (C2) 0.2021 

Capital Cost (S6) 0.0514 

O& M Cost (S7) 0.0961 

Return of Investment (S8) 0.0546 

Socio-Environmental (C3) 0.2237 

Nutrient Removal Efficiency (S9) 0.0442 

Social Acceptance (S10) 0.0367 

Tariff (S11) 0.0841 

Feasibility (S12) 0.0587 

After calculated the grey relational coefficients using Equations 5 to 8, the best 

attributes were identified and highlighted in Table 7. For instance, in the academe, O&M 

cost is the best attribute of 5BP (A1) since it is the closest to the reference sequence. On the 

other hand, most of the sub-criteria of SBR (A2), A2O (A3) and MBR (A4) are considered the 

best attributes.  

 Table 7. Grey Relational Coefficients 

Alt Sub-criteria 

1 2 3 4 5 6 7 8 9 10 11 12 

ACADEME 

X0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

A1 0.38 0.54 0.50 0.56 0.33 0.47 0.71 0.43 0.67 0.33 0.33 0.33 

A2 1.00 0.64 1.00 0.71 0.58 1.00 1.00 0.60 0.33 1.00 1.00 1.00 

A3 0.38 1.00 0.67 1.00 0.44 0.78 1.00 1.00 0.44 0.56 0.67 0.67 

A4 0.33 0.33 0.33 0.33 1.00 0.33 0.33 0.33 1.00 0.33 0.33 0.36 

REGULATORY AGENCY 

X0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

A1 0.33 0.33 0.33 0.50 0.33 0.50 1.00 0.50 0.33 0.33 0.33 0.33 

A2 0.75 1.00 0.75 1.00 0.33 1.00 0.33 1.00 0.33 1.00 0.50 1.00 

A3 0.43 0.50 0.43 0.33 1.00 1.00 0.33 0.33 0.55 0.40 0.50 0.50 

A4 1.00 0.33 1.00 0.50 0.50 0.33 1.00 0.50 1.00 0.67 1.00 0.67 

INDUSTRY 

X0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

A1 1.00 0.63 0.67 0.43 0.33 1.00 0.67 0.33 1.00 0.41 0.41 0.38 

A2 0.33 1.00 0.33 1.00 0.67 0.76 0.67 0.43 0.33 0.52 1.00 1.00 

A3 0.43 0.63 1.00 0.43 0.57 0.62 1.00 1.00 0.56 0.33 0.41 0.38 

A4 0.50 0.33 0.53 0.33 1.00 0.33 0.33 0.60 0.56 1.00 0.33 0.33 
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The grey relational grades (GRG) of the alternatives were determined by 

combining the calculated weights from Tables 4 – 6 and the grey relational coefficients from 

Table 7. Table 8 shows the preference of each sector on the optimal BNR technology to be 

installed in the Philippine setting. It was observed that the most preferred alternative has the 

most number of best attributes based on the grey relational coefficients in Table 7. 

Table 8. Ranking of Alternatives for the Academe, Regulatory Agency, and Industry 

Sectors. 

Rank Academe Regulatory Agency Industry 

1 SBR (0.7910) SBR (0.7409) SBR (0.6926) 

2 A2O (0.7242) MBR (0.7230) A2O (0.6178) 

3 5BP (0.4759) 5BP (0.4943) 5BP (0.5669) 

4 MBR (0.4757) A2O (0.4615) MBR (0.5485) 

The academe considers SBR as the most preferred alternative. Feasibility, the most 

preferred sub-criterion overall based on calibrated FAHP and one of the best attributes based 

from GRA, significantly contributed to its overall ranking. Other best attributes of SBR are 

robustness, ease of operation, capital cost, O&M cost, social acceptance, and tariff. On the 

other hand, MBR is the least preferred due to the performance of other sub-criteria. Only 

space requirement and nutrient removal efficiency are the best attributes. 

For the regulatory agency, SBR is the optimal alternative.  Two of the most 

preferred sub-criteria (maturity of technology and return of investment) are referred as its 

best attributes. The other best attributes are energy requirement, maturity of technology, 

capital cost, return of investment, social acceptance, and feasibility. A2O received the lowest 

ranking since space requirement and capital cost, its two best attributes, are the 2nd and 3rd 

least preferred sub-criteria considered in the selection of optimal BNR technology. 

Lastly, the industry sector considers SBR as the most preferred alternative.  SBR 

received the highest grade since it has many best attributes such as energy requirement, 

maturity of technology, return of investment, nutrient removal efficiency, and feasibility. 

MBR ranked least since the grey relational coefficients of most sub-criteria are far from the 

reference sequence. 

It is observed that the ranking of alternatives of the regulatory agency from 

academe and industry is different. For the academe and industry sectors, A2O is the second 

most preferred, followed by 5BP and MBR. A2O has O&M costs and return of investment 

as its best attributes, which are the most preferred under financial criterion of the academe 

and industry sector, respectively. Meanwhile, MBR is the second most preferred alternative 

for the regulatory agency, followed by 5BP and A2O. O&M cost and nutrient removal 

efficiency are the two most preferred sub-criteria that increased the overall ranking of MBR. 

Other attributes were robustness, ease of operation, and tariff. 

Overall, the three sectors have the same preference on SBR as the optimal BNR 

technology. Based on the grey relational coefficients (Table 7), all sectors agreed that 

feasibility is its best feature while space requirement and nutrient removal efficiency are the 

worst features. Despite high prioritization of the academe and industry sectors on space 

requirement and the regulatory agency on nutrient removal (Tables 4 – 6), the weight of the 

other best features contributed to the overall ranking of SBR. 
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Conclusions 

The study aims to know the perspective of the three sectors (academe, regulatory agency, 

and industry) in the selection of optimal BNR technology in the Philippines. This is 

determined by utilizing calibrated fuzzy AHP and grey relational analysis (GRA). The 

alternatives evaluated were A2O, 5-stage Bardenpho, SBR, and MBR. The criteria and sub-

criteria were determined through literature review and focus group discussion with experts 

with background on wastewater treatment, while the alternatives were selected based on 

literature review. Calibrated fuzzy AHP is used to calculate the global weights of the criteria 

and sub-criteria, which were used to compute the grey relational grade of alternatives. 

Results showed that different prioritization of each sector affected the ranking of the 

alternatives. The academe selects the optimal BNR technology based on how it can be 

operated in real applications given several constraints. The regulatory agency prefers 

technologies that have been studied extensively and can meet the current effluent standards. 

The industry sector selects the optimal BNR technology that can be operated in limited space 

and based on the willingness of the community to pay for the sanitation services. Grey 

relational analysis was used to determine the best attributes and ranking of each alternative. 

It was observed that the most preferred alternative has the highest number of best attributes. 

Results showed that SBR is the optimal BNR technology for all sectors.  
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