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Abstract

Access to safe drinking water remains a major challenge in many developing nations,
necessitating the development of low-cost and efficient point-of-use filtration systems. This
study optimized clay—coconut shell composite water filters using Grey Relational Analysis
(GRA) to obtain the optimal parametric settings for water filtration characteristics. The
characteristics evaluated include flow rate (FR) and total coliform removal (TC) efficiency
while the parameters included weight of the filter (w), composition (C), and firing temperature
(T). An orthogonal array experimental design was adopted to minimize the number of
experiments while capturing parameter interactions. The higher-the-better GRA approach was
employed to determine the best parametric setting across multiple performance characteristics
simultaneously. Results show optimal grey parametric setting was T3C;W; which can be
translated as the temperature at 900 °C, composition at 60:10:30 and a weight at 39.09 g. Also,
the influence of temperature on flow rate (GRG;(FR, T)) is 0.5349, while the influence of
composition (GRG;(FR,C)) is 0.5373 and influence of weight (GRGi(FR,W)) is 0.5313.
Composition has the strongest effect on flow rate. In the same wise, influence of temperature
on percent total coliform removal is (GRGi(TC, T)) is 0.6031, while the influence of
composition (GRG{(TC,C)) is 0.5916 and influence of weight (GRGi(TC,W)) is 0.6826.
Weight has the strongest effect on total coliform removal. The study demonstrates that Grey
Relational Analysis is an effective tool for multi-objective optimization of composite ceramic

filters and supports the development of low-cost household water treatment systems.

Keywords: Ceramic filter; Clay; Grey Relational Analysis; Water purification; Multi-

Response optimization
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1. Introduction

One of the most important long-term objectives when it comes to water intervention is to
provide safe and high-quality water services required to promote a healthy living environment
and other health benefits for people. According to the United Nations, availability of a
decentralized and sustainable portable drinking water source is essential to achieving SDG
target 6.1, which aims to "provide universal and equitable access to safe and affordable
drinking water for all by the year 2030" [1]. The regional data by UNICEF in 2025 revealed
that one out of every 4 persons globally, still lacked access to a safe source of drinking water
which is the same as reported in 2021 [2]. This indicates that over 2 billion people are still not
able to conveniently access drinkable water and water intervention strategies has yielded little
to no results. Eight out of ten individuals who lack access to a basic drinking water supply
reside in rural areas and sub-Saharan Africa, and one out of every four of these people does not
have access to source of water purification for the purpose of drinking [3].

A significant barrier to the supply of clean drinking water sources is the availability of a
dependable and efficient technology that can assist in removing fecal contamination. Farrow
et al. [4] explicated that while the installation of modern drinking water sources, such as
community tap water or in-house pipe water, has the qualities of a desirable, long-term safe
drinking water source, setting them up and maintaining them is difficult and non-parsimonious,
particularly in rural areas where there is lack infrastructures to access the water. In the use
community tap water, contamination is typically introduced during the transportation process
as reviewed by the study of Wright et al. [5].

Due to a lack of amenities, water treatment can be costly and sometimes impossible especially
for those in the rural areas [6]. Ceramic water filters has shown promising results in combatting
the seemingly unyielding water issues coupled with its endorsement by WHO for use in

purifying water for drinking in homes [7]. It can be produced using materials that are locally



69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

sourced, readily available and of low cost as presented in the study of Adeyinka-Aderanti et
al., [8] where the materials used were clay, coconut shell, and activated carbon that was made
from a mixture of carbonized coconut shell and lime water.

From the trends in literature, the use of clay-based materials effectively removes contaminants
from drinking water, consequently lowering the incidence of diarrhea in developing nations
[9]. Solomon et al. [10] reported a reduction in the fluoride level, turbidity and total dissolved
solids of ground water using their clay based filters. Another study [11] revealed the ability of
clay based ceramic filters to efficiently remove E. Coli., Total coliform, dissolved solids and
other substances like Nitrates from Lagos Lagoon.

The ceramic filter is influence by various production parameters like the firing temperature,
filter blend, composition, and many others. Firing temperature and processing techniques
influences biofilm formation on ceramic filters, which in turn affects the filter performance
[12]. As the firing temperature rises, the porosity of ceramic filters decreases [9]. This reduction
in porosity is as a result of change in the mineralogy of the clay with increasing temperature.
Findings from Zereffa & Bekalo's [13], revealed that the porosity of filters rises as the
percentage of burnout material added to the filter composition increases (high porosity suggests
greater pores that will allow the easy passage of water). Bulta and Michael's [9] investigation
reported a flow rate of 150 mL/h at porosity of 53.06%, while the flow rate was increased to
350 mL/h when the porosity increases to 63.91%. The flow-rate, porosity, strength, and
microbial removal effectiveness of a filter are all impacted by the size and amount of
carbonaceous material. Zereffa and Bekalo [13] observed a decrease in grain size with
increasing firing temperature and concluded that this could be the cause of the variation in flow
rate and microorganism removal effectiveness between filters fired at 900 °C, 950 °C, and 1000
°C. A rise in firing temperature causes a rise in flow rate. According to Ajibade et al. [14], the

elimination of coliform and E. coli increases from 12% for a clay to sawdust ratio of 30:70 to
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100% for clay to sawdust ratio of 90:10. Bulta and Michael [9], found that the microbial
removal efficiency of ceramic filters increased with an increase in the percentage composition
of clay and firing temperature, corroborated this. Ceramic filters with less porosity are more
effective at eliminating microorganisms.

Having established the ability of ceramic filters to provide drinkable water for households, it
is worthy of note that there is a divergence of opinion on the most appropriate parametric
settings (filter composition, firing temperature, weight, filter materials, shape of filters), from
different authors, hence the need for the deployment of scientific tools such as Taguchi, and
grey Relational analysis to determine the parametric settings required to obtain optimal filter
performance before production of these filters are carried out.

GRA is a process optimisation technique. It is used to determine the best input parameter values
for different characteristics that is being considered as the output of a process [15].
Characteristics could be based on higher the better or lower the better performance requirement.
A review on process optimization for machining was carried out by Chakraborty et al. [15], the
review concluded that GRA was the most effective tool as the process of computation was
straightforward and free from unrealistic criteria or assumptions. A study used GRA with
combined compromise solution to obtain the best parametric setting for carbon fiber-reinforced
plastic (CFRP) machining during wet drilling and concluded on the effectiveness of the tool in
positively identifying the parameters to give optimal settings [16]. A study carried out in 2020
predicted the ideal input parameters for various quality attributes for the milling process of a
steel sample using GRA and Taguchi [17] and another study used these techniques to determine
optimal parameters in sheet forming for steel [18].

Most literature have used GRA for optimising engineering and scientific processes but there is
paucity of data on the use of GRA for obtaining the optimal parametric settings to obtain the

desirable characteristics of a clay-based filter for water purification. This study therefore has
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the objective of; (1) determining the optimal parametric settings for the production of ceramic
filters for water purification and (2) evaluating the most influential parameter in the filter
characteristics of consideration. Instead of carrying out various experiments to compare the
variations in the flowrate, and contaminant removal ability of ceramic filters produced using
different composition blends and firing temperature, this study explicitly indicates the specific

blends, firing temperature and weight that will produce optimal water and filter characteristics.

2. Optimization Methodology

The materials considered in this study for the production of water filters are clay, coconut shell,
and activated carbon. Composition, firing Temperature (700 °C, 800 °C, 900 °C, and 1000 °C),
and weight of the filter are the parametric settings while the quality characteristics addressed

are flow rate (FR) and percentage Total coliform removal (TC).

Grey Relational Analysis

The first step is normalisation. Normalisation process is used to treat the different values of
divergent data and bring it within the same range. It is a means of contrasting the specific
comparison sequences with the primary sequences. The normalization of data in GRA is carried

out in line with the desired quality characteristic.

When the least value of a primary sequence is desired, it is regarded as “lower-the-better”

quality characteristic which is normalized using Equation (1)

max ago) (TC)—aL(O) (Te)

ai (TC) = (1)

max ago)(TC)—min al@) (To)
When the highest possible value of a primary sequence is desired, it is regarded as “higher-the-

better quality characteristics which is normalized using equation 2.

ago) (TC)—-min ago) (TC)

@i (TC) =

2

max ago) (TC)-min ago) (Tc)
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It there is set target to be achieved, the primary sequence is normalized by dividing the primary

sequence by the first value of the sequence (Equation 3)

ago) (Te)
a0 (Tc) (3)

a;(TC) =
Where al.(o) (TC)is the primary sequence, Total Coliform removal, a; (TC) is the sequence

after normalization, max ai(o) (TC)is the largest valve of ai(o) (TC) while min ai(o) (TC) is the

least valve of al.(o) (To).

Grey relation coefficient and grey relational grade
Where A; (TC) is the sequence of difference of the primary sequence ai(o) (TC) and secondary
sequence a; (T)i.e. (Equation 4)

AI(TC) = |1 — a; (TC)| 4)

minl;(TC)+¢(maxA;(TC)) (5)
A} (TC)+¢(maxAi(TC))

&(TC) =

¢ is given as 0.5, it is a distinguishing effect used to adjust the range of the of comparative
environment and the differences of the relational coefficients. min4; is the minimum value of

A;(TC), maxA;(TC) is the maximum value of A;(TC)

The grey relational grade is calculated as the average sum of the grey relational coefficients

which is obtained in equation 6 using equation as follows

GRG;(FR,TC) = (%) X1 &:(FR, TC) 6)
The degree of association between the primary and secondary sequences is thus indicated by
the grey relational grade. The degree to which the secondary impact affects the original
sequence is likewise indicated by the grey relational grade. In particular, a secondary

sequence's grey relational grade will be higher than other secondary sequences' if it has greater

influence over the primary sequence than other secondary sequences. Consequently, the overall
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value of the differences between data sequences and the evaluated correlation between

sequences are assessed by gray relational analysis.

Experimental design

The output (response) variables are the flow rate and Total coliform. Minitab 16, a
commercially available statistical software package was used to design the experiment. As a
result, sixteen experimental trials based on the Taguchi method L,¢(3)* orthogonal array was
used. The problem in this investigation is a three factor four level optimisation problem (Table
1). Table 1 is a result of experimental data from the study of Adeyinka-Aderanti et al. [11].
Although, an experimental data is not a requirement for this optimization process as an
orthogonal array was used to represent the intended values as in Table 2 following the Taguchi
orthogonal array design. The right orthogonal array must be selected in order to disperse all of
the factor level combinations; hence, L;4(3)* is the orthogonal array that is suited for this

investigation (Table 2).

Table 1 The primary and secondary sequences for Flow rates and Total Coliform

Secondary sequence Primary sequence
Experimental Temperature Composition Weight (w) Flow rate Total Coli
trial (M (°C) © (4] (FR) (Tro)
1 700 60:30:10 39.09 0.17 95.64
2 700 60:20:20 38.91 1.41 97.54
3 700 60:10:30 38.84 2.25 98
4 700 60:00:40 38.66 2.14 97.18
5 800 60:30:10 38.91 0.26 95.18
6 800 60:20:20 39.09 1.89 96.18
7 800 60:10:30 38.66 241 95.27
8 800 60:00:40 38.84 2.2 91.91
9 900 60:30:10 38.84 0.3 96.18
10 900 60:20:20 38.66 2.02 95.55
11 900 60:10:30 39.09 2.83 98.18
12 900 60:00:40 38.91 2.77 99
13 1000 60:30:10 38.66 0.35 91.36
14 1000 60:20:20 38.84 248 89
15 1000 60:10:30 38.91 2.92 86.73
16 1000 60:00:40 39.09 2.37 88
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Table 2 Orthogonal array for the experimental trials

Experimental Trial Temperature Composition Weight
1 1 1 1
2 1 2 2
3 1 3 3
4 1 4 4
5 2 1 2
6 2 2 1
7 2 3 4
8 2 4 3
9 3 1 3
10 3 2 4
11 3 3 1
12 3 4 2
13 4 1 4
14 4 2 3
15 4 3 2
16 4 4 1

Experimental results were normalized using higher-the-better criteria (Equation 2) for Flow

rate and percentage total coliform removal.

Results and Discussion

In this work, the primary sequences (characteristics) are flow rate and Total coliform removal
while the secondary sequences (Parametric settings) are, Temperature, composition, and
weight were as represented in Table 2. The experimental factors contain three factors and four

levels as shown in the Table 2 to develop 16 experimental trials.

The higher, the flow rates, and Total coliform, the better the purity and quality of the water
from the water treatment filter. Therefore, the “higher-the-better” quality characteristic is
desired. Equation 2 was used to normalize the data. Table 2 shows the data concerning the

orthogonal array L,¢ for the experimental trials. The flow rates and Total coliform were fixed

as primary sequences al.(o)(TC),i = 1to 16,(Note: TC can be replaced with FR) . The

sequences obtained from the normalization of data with the use of equation (2) are shown in

the first and second column of Table 3 with values ranging from 0 to 1.
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The difference sequence was obtained using equation 4 by performing the same operation at
i=1-—16, outcome of all 4,; for i = 1to 16 is shown Table 3, column 3 and 4. The
difference sequences values were obtained by subtracting the normalized sequence values from

1.

The distinguishing effect is substituted into Equation 5 to calculate the grey relational
coefficient. For parameters of the same local ¢ is 0.5. Tables 3 (Column 4, 5 and 6) show the
grey relational coefficient and grey grade for all sixteen comparison sequences. In this
investigation, the Taguchi method’s response table was used to derive the average grey
relational grade for each factor level combination for the four columns in the orthogonal array
and finding their means. For example, in the first column in Table 4 which represents sintering
temperature (T), Trials 1, 2, 3, 4 are the experimental trials for factor T when it is described as
level 1. Thus, the grey relational grade for Ti is the average grey relational grades obtained at
the aforementioned experimental trails. The iteration was executed for every factor-level

combination as shown in the orthogonal array in Table 2.

Table 3 Grey relational analysis of the primary sequence

Grey coef Grey coef Grey

a; (FR) a; (TC)  Aocirr Avitc FR TC Grade
0 0.7261 1.0000 0.2739 0.7142 0.646 0.6801
0.4509 0.881 0.5491 0.119 0.4765 0.8077 0.6421
0.7563 0.9185 0.2437 0.0815 0.6723 0.8598 0.76605
0.7163 0.8516 0.2837 0.1484 0.6379 0.7711 0.7045
0.0327 0.6886 0.9673 0.3114 0.3407 0.6162 0.47845
0.6254 0.7701 0.3746 0.2299 0.5716 0.685 0.6283
0.8145 0.696 0.1855 0.304 0.7293 0.6218 0.67555
0.7381 0.4221 0.2619 0.5779 0.6562 0.4638 0.56
0.0472 0.7701 0.9528 0.2299 0.3441 0.685 0.51455
0.6727 0.7188 0.3273 0.2812 0.6043 0.64 0.62215
0.9672 0.9331 0.0328 0.0669 0.9384 0.8819 0.91015
0.9454 1 0.0546 0 0.9015 1 0.95075
0.0654 0.3773 0.9346 0.6227 0.3485 0.4453 0.3969
0.84 0.185 0.1600 0.815 0.7575 0.3802 0.56885
1 0 0.0000 1 1 0.3333 0.66665
0.8 0.1035 0.2000 0.8965 0.7142 0.358 0.5361

10
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a; (FR) is sequence of normalised flow rate values; a;(TC) is sequence of normalized
Total Coliform removal value; Agirr is the sequence of difference of the Flow Rate; Ajirc
is the sequence of difference of the Total Coliform removal. Grey coef FR is the Grey
Relational Coefficient of the Flow rate. Grey coef TC is the Grey Relational Coefficient
of the Total Coliform removal.

As established by Fung, [19] and Ajibade et al., [20] grey relational grade indicates the
relationship between the primary sequence as well as the secondary sequence. The higher value
of the primary sequence indicates that the secondary sequence has a strong correlation to the
primary sequence. Thus, the secondary sequence with higher valves of the grey grades would
produce higher flow rates and total coliform. Using this principle, the optimal grey parametric
setting from Table 4 was obtained as T;C3W; which can be translated as a temperature at 900

°C, composition at 60:10:30 and a weight at 39.09 g.

Table 4 Grey Response table for Grey Relational grade

Levels T C W

1 0.6982  0.5175  0.6887
2 0.5856  0.6154  0.6845
3 0.7494  0.7546  0.5798
4 0.5421  0.6878  0.5998

Furthermore, the grey relational grades can be used to ascertain the parameter or factor exerting
the highest influence on the Flow rates (Tables 6 to 8) and Total coliform (Tables 9 to 11). By

setting the sixteen experimental trails flow rates and Total coliform as primary sequences,

a}?OW(F R) and a((?)) (TC), while the factor levels in the sixteen experimental trials are the

(0

o (0
a w)

secondary sequences @, , &, anda

11
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Normalisation of the data was done using Equation 3 i.e. normalized by first value in the
sequence to obtain Table 5. The difference sequence was obtained using the same method

described in Equation 4.

Table 5 Sequences after normalization of primary and secondary sequence

Experimental Secondary sequence Primary sequence
trial Temperature Flow rate Total Coli
°C Composition  Weight (g) (FR) (TC)
1 1 1 1.0000 0 0.7261
2 1 2 0.9954 0.4509 0.881
3 1 3 0.9936 0.7563 0.9185
4 1 4 0.9890 0.7163 0.8516
5 1.142857 1 0.9954 0.0327 0.6886
6 1.142857 2 1.0000 0.6254 0.7701
7 1.142857 3 0.9890 0.8145 0.696
8 1.142857 4 0.9936 0.7381 0.4221
9 1.285714 1 0.9936 0.0472 0.7701
10 1.285714 2 0.9890 0.6727 0.7188
11 1.285714 3 1.0000 0.9672 0.9331
12 1.285714 4 0.9954 0.9454 1
13 1.428571 1 0.9890 0.0654 0.3773
14 1.428571 2 0.9936 0.84 0.185
15 1.428571 3 0.9954 1 0
16 1.428571 4 1.0000 0.8 0.1035

From Table 6 to 8, it can be gathered that the influence of temperature on flow rate (GRG; (FR,
T)) 1s 0.5349, while the influence of composition (GRGi(FR,C)) is 0.5373 and influence of

weight (GRGi(FR,W)) 1s 0.5313. Composition has the strongest effect on flow rate.

From Table 9 to 11, it can be gathered that the influence of temperature on percent total
coliform removal was (GRG; (TC, T)) is 0.6031, while the influence of composition
(GRG(TC,C)) is 0.5916 and influence of weight (GRGi{(TC,W)) is 0.6826. Weight has the

strongest effect on total coliform removal.

12
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Table 6 Most influential factor for Flow rate; Sintering Temperature of filter

Temperature Normalised AgiFrR AviTC Grey Coeff
1 0 0 1
700 1 7.294118 7.294118 0.5191
700 1 12.23529 12.23529 0.3916
700 1 11.58824 11.58824 0.4046
800 1.14285714 0.386555 0.386555 0.9532
800 1.14285714 9.97479 9.97479 0.4412
800 1.14285714 13.03361 13.0336 0.3766
800 1.14285714 11.79832 11.79832 0.4003
900 1.28571429 0.478992 0.478992 0.9427
900 1.28571429 10.59664 10.59664 0.4263
900 1.28571429 15.36134 15.36134 0.3389
900 1.28571429 15.0084 15.0084 0.3441
1000 1.42857143 0.630252 0.630252 0.9259
1000 1.42857143 13.15966 13.15966 0.3744
1000 1.42857143 15.7479 15.7479 0.3333
1000 1.42857143 12.51261 12.51261 0.3862
0.5349

Table 7 Most influential factor for Flow rate; Composition of filter

Composition  Normalised  Aogirr Aoitc Grey Coeff
60:30:10 1 0.00000 0.00000 1
60:20:20 2 6.29412 6.29412 0.5297
60:10:30 3 10.23529  10.23529 0.4092
60:00:40 4 8.58824 8.58824 0.4522
60:30:10 1 0.52941 0.52941 0.9305
60:20:20 2 9.11765 9.11765 0.4374
60:10:30 3 11.17647  11.17647 0.3881
60:00:40 4 8.94118 8.94118 0.4422
60:30:10 1 0.76471 0.76471 0.9026
60:20:20 2 9.88235 9.88235 0.4177
60:10:30 3 13.64706  13.64706 0.3418
60:00:40 4 1229412 12.29412 0.3657
60:30:10 1 1.05882 1.05882 0.87
60:20:20 2 12.58824  12.58824 0.3602
60:10:30 3 14.17647  14.17647 0.3333
60:00:40 4 9.94118 9.94118 0.4162

0.5373

13
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Table 8 Most influential factor for Flow rate; Weight of filter

Weight Normalised A0iFR Avitc Grey Coeff
39.09 1.0000 0.0000 0.0000 1
38.91 0.9954 7.2987 7.2987 0.5257
38.84 0.9936 12.2417 12.2417 0.3979
38.66 0.9890 11.5992 11.5992 0.4109
38.91 0.9954 0.5340 0.5340 0.9381
39.09 1.0000 10.1176 10.1176 0.4443
38.66 0.9890 13.1875 13.1875 0.3802
38.84 0.9936 11.9476 11.9476 0.4038
38.84 0.9936 0.7711 0.7711 0.913
38.66 0.9890 10.8934 10.8934 0.4262
39.09 1.0000 15.6471 15.6471 0.3408
38.91 0.9954 15.2987 15.2987 0.3459
38.66 0.9890 1.0698 1.0698 0.8832
38.84 0.9936 13.5946 13.5946 0.3731
38.91 0.9954 16.1811 16.1811 0.3333
39.09 1.0000 12.9412 12.9412 0.3847

0.5313

Table 9 Most influential factor for Total Coliform; sintering Temperature of filter

Temperature Normalised AoiFR Aovitc Grey Coeff
700 1 0 0 1

700 1 0.019866 0.019866 0.9295
700 1 0.024676 0.024676 0.9138
700 1 0.016102 0.016102 0.9419
800 1.4285714 -0.14767 0.14767 0.6386
800 1.4285714 -0.13721 0.13721 0.6553
800 1.4285714 -0.14673 0.14673 0.6401
800 1.4285714 -0.18186 0.18186 0.5893
900 1.28571429 -0.28007 0.28007 0.4823
900 1.28571429 -0.28666 0.28666 0.4765
900 1.28571429 -0.25916 0.25916 0.5017
900 1.28571429 -0.25058 0.25058 0.5101
1000 1.42857143 -0.47332 0.47332 0.3553
1000 1.42857143 -0.498 0.498 0.3438
1000 1.42857143 -0.52173 0.52173 0.3333
1000 1.42857143 -0.50845 -0.50845 0.3391

0.603163

14
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Table 10 Most influential factor for Total Coliform; Composition of filter

Composition Normalised AoiFR AviTC Grey Coeff
60:30:10 1 0.00000 0.00000 1
60:20:20 2 -0.98013 0.98013 0.6111
60:10:30 3 -1.97532 1.97532 0.4381
60:00:40 4 -2.98390 2.98390 0.3404
60:30:10 1 -0.00481 0.00481 0.9969
60:20:20 2 -0.99435 0.99435 0.6077
60:10:30 3 -2.00387 2.00387 0.4346
60:00:40 4 -3.03900 3.03900 0.3363
60:30:10 1 0.00565 0.00565 0.9964
60:20:20 2 -1.00094 1.00094 0.6061
60:10:30 3 -1.97344 1.97344 0.4383
60:00:40 4 -2.96487 2.96487 0.3418
60:30:10 1 -0.04475 0.04475 0.9718
60:20:20 2 -1.06943 1.06943 0.5902
60:10:30 3 -2.09316 2.09316 0.4239
60:00:40 4 -3.07988 3.07988 0.3333

0.59168125

Table 11 Most influential factor for Total Coliform; Weight of filter

Weight Normalised AoiFrR AviTC Grey Coeff
39.09 1.0000 0.0000 0.0000 1.0000
38.91 0.9954 0.0245 0.0245 0.6439
38.84 0.9936 0.0311 0.0311 0.5875
38.66 0.9890 0.0271 0.0271 0.6204
38.91 0.9954 -0.0002 0.0002 0.9955
39.09 1.0000 0.0056 0.0056 0.8878
38.66 0.9890 0.0071 0.0071 0.8619
38.84 0.9936 -0.0326 0.0326 0.5761
38.84 0.9936 0.0120 0.0120 0.7869
38.66 0.9890 0.0101 0.0101 0.8143
39.09 1.0000 0.0266 0.0266 0.6248
38.91 0.9954 0.0397 0.0397 0.5274
38.66 0.9890 -0.0338 0.0338 0.5672
38.84 0.9936 -0.0630 0.0630 0.4129
38.91 0.9954 -0.0886 0.0886 0.3333
39.09 1.0000 -0.0799 0.0799

0.68266
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Conclusion

The results demonstrated that the optimal grey parametric setting was TsCsWi, corresponding
to a firing temperature of 900 °C, a composition ratio of 60:10:30, and a filter weight of 39.09
g. This parameter combination produced the highest overall grey relational grade, indicating
the most favourable compromise between water production capacity and microbiological
treatment performance. The analysis further revealed that composition exerted the strongest
influence on flow rate, while filter weight had the greatest influence on total coliform removal
efficiency. These findings highlight the importance of considering multiple interacting
parameters during filter design rather than relying on single-factor optimization approaches.
Thereby addressing a major challenge in ceramic filter development, which is the identification
of parameter combinations that provide a balance between flow performance and microbial

removal efficiency.

Beyond identifying the optimal production conditions, this study contributes to the growing
body of knowledge on low-cost household water treatment technologies by demonstrating the
applicability of Grey Relational Analysis to ceramic water filter optimization. The use of
locally sourced materials such as clay and coconut shell further supports the development of
affordable and sustainable water treatment solutions suitable for rural and resource-constrained
communities. The outcomes of this study therefore provide a scientific basis for improving
ceramic filter production processes and advancing decentralized water treatment technologies
capable of contributing to Sustainable Development Goal 6 on universal access to safe drinking

water.
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List of Abbreviations

C Composition

FR Flow Rate

GRA Grey Relational Analysis
GRG Grey Relational Grade

T Temperature

TC Total coliform removal
UN United Nations

UNICEF United Nations Children’s Fund

w Weight

WHO World Health Organisation

AoiFr Delta sequence for Flow rate
Aoitc Delta sequence for Total coliform
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