
Introduction
The moving bed biofilm reactor (MBBR) technology 
revolutionizes wastewater treatment by combining the 
efficiency of activated sludge processes with biological 
filters, optimizing space utilization compactly. Unlike 
conventional biological reactors, which struggle with 
sedimentation and sludge management, MBBR overcomes 
these challenges while maintaining high efficiency. 
Notably, it benefits from removing organic matter, 
phosphorus, and nitrogen from wastewater.1,2 

Technologies for producing clean water and energy have 
garnered global attention owing to water scarcity, resource 
depletion, and global warming. Municipal wastewater, 
the most abundant type of wastewater, falls into the 
category of low-strength waste streams characterized by 
low organic strength and high particulate organic matter 
content.3-9 Various treatment technologies are employed 

to treat wastewater effectively, ensuring it is contaminant-
free before release into the environment. Proficiency 
in this field enables proper treatment approaches for 
different wastewater types, including domestic and 
industrial sources. These methods encompass physical 
and biological techniques, ensuring comprehensive 
treatment and environmental safety.10-12

In water treatment technologies, a range of physical, 
chemical, and biological methods exist. While physical 
and chemical methods are cost-effective because of their 
simplicity, biological methods have emerged as optimal 
choices owing to their inherent simplicity, efficiency, 
and eco-compatibility.13 Biological methodologies 
are categorized into aerobic and anaerobic systems. 
Examples like the activated sludge process, membrane 
bioreactor, and upflow anaerobic sludge blanket represent 
aerobic systems. However, challenges persist, notably 
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Abstract
Background: Wastewater treatment is a critical environmental challenge, and moving bed 
biofilm reactor (MBBR) technology is an effective solution. The selection of appropriate biofilm 
media significantly impacts treatment efficiency, particularly in terms of organic matter and 
nutrient removal. This study aims to optimize media selection for MBBR systems to improve 
wastewater treatment.
Methods: Three biofilm media types-K3, MB3, and K5-were evaluated based on key properties 
such as specific surface area (SSA), porosity, buoyancy, and economic feasibility. The analytical 
hierarchy process (AHP) was employed to assess and prioritize these criteria. Expert Choice 
software facilitated the analysis, followed by a laboratory-scale investigation to assess pollutant 
removal efficiency.
Results: K5 media outperformed K3 and MB3 in terms of nitrogen removal (90%), chemical 
oxygen demand (COD) reduction (90%), biochemical oxygen demand (BOD) elimination (95%), 
and TSS removal (89%). K5 also demonstrated superior efficiency in pollutant removal while 
maintaining consistent pH regulation. K3 and MB3 displayed relatively lower performance, 
especially in nitrogen and COD removal.
Conclusion: The study confirms that K5 media, selected using the AHP method, provides the 
highest treatment efficiency in MBBR systems. The AHP-based media selection process enhances 
the decision-making process, ensuring that economic and performance factors are adequately 
considered. Future studies should focus on scaling up the MBBR system with K5 media to further 
evaluate its long-term performance in real-world conditions.
Keywords: Wastewater, Media, Pollution, Hierarchical analysis, Environment
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the need to regularly clean membranes in membrane 
bioreactor setups.14 The MBBR is an innovative and 
cost-effective approach to water treatment. Studies have 
explored its efficacy by comparing different biofilm 
media or examining the impact of carrier shape and 
surface properties on efficiency. These investigations 
provide insights into optimizing MBBR performance 
through carrier selection and design considerations.15 
In the MBBR process, microorganisms form biofilms 
on various surfaces, exhibiting greater resilience under 
diverse wastewater treatment conditions and enhancing 
efficiency compared to conventional methods. The 
dynamism and buoyancy of carriers play crucial roles: 
reduced media weight promotes movement, aiding 
biofilm detachment and biomass control, while smaller-
diameter media provide a larger specific surface area 
(SSA), enhancing biofilm growth. Conversely, larger 
media diameters reduce density and sedimentation speed, 
impacting overall efficiency.16 Figure S1 displays various 
types of media used in the process.17

In a study by Chu and Wang, a comparative analysis 
of biofilm media, such as iodegradable polymer 
polycaprolactone (PCL) and degradable polyurethane 
foams (PUFs), revealed that the PCL carrier was more 
effective for removing total nitrogen (TN) because of its 
lower carbon to nitrogen (C/N) ratio.18 Researchers also 
examined filtration media like zeolite, sand, and volcanic 
rock in up-flow constructed wetland combined with 
microbial fuel cell (UCW-MFC) systems for wastewater 
treatment and bioelectricity generation. Zeolite 
outperformed other media due to its larger SSA, distinctive 
framework structure, and porous composition, effectively 
removing pollutants such as chemical oxygen demand 
(COD), NH4

 + , nitrate (NO3
-), and total phosphorus 

(TP).19 Moreover, studies have focused on the preference 
for the AnoxKaldnes K3 carrier over the Mutag BioChip 
due to its superior COD removal efficiency. The 
introduction of innovative sponge biomedia in MBBR 
systems has been shown to increase microbial diversity 
and enhance nitrification performance.20 However, 
literature exploring these specific advancements remains 
comparatively limited.21 When selecting optimal biofilter 
media, critical parameters include SSA, porosity, clogging 
potential, toxicity, void ratio, dynamics, density, surface 
roughness, and passage diameter. Emphasizing high SSA 
and reduced clogging is paramount in carrier design. 
Although numerous studies aim to optimize biological 
carrier designs, clogging during operation often 
significantly diminishes treatment efficiency.22 Materials 
such as polypropylene, polycarbonate, ABS, polyamide, 
and polyethylene are commonly used in biofilm media 
production.23 Zhu et al stated that thermoplastic polymers 
like polyethylene, polypropylene, and polystyrene exhibit 
excellent mechanical, physical, and chemical properties, 
making them highly suitable for biofilm carriers.24 
In Elliott and colleagues’ study, clogging concerns 
were addressed, concluding that a minimum passage 

diameter of 1500 μm is necessary. For cylindrical media, 
a minimum diameter of 2.5 mm is recommended to 
mitigate clogging, with mathematical models developed 
for designing MB3 and K3 Kaldnes media.25

While biofilter design research exists, there is a notable 
gap in comparative analyses of various media types. The 
objective of the current research was to enhance wastewater 
treatment efficiency in the MBBR method by identifying 
the most optimal media among three proposed options. 
How does the performance of New Media K5 compare to 
other media types? This study evaluated also established 
properties of wastewater treatment media specific to the 
site, aiming to optimize the treatment process.

Materials and Methods
The primary objective of this research was to identify the 
most effective medium for treating domestic wastewater 
by evaluating key parameters, including COD, total 
suspended solids (TSS), and pH, on a laboratory scale. To 
determine the optimal choice among the three proposed 
media types (K3, MB3, and K5), three experts specializing 
in water pretreatment technology assessed the criteria 
using the analytical hierarchy process (AHP) method. 
Expert Choice software was employed to analyze and rank 
the media based on these criteria. Following the AHP 
analysis, a laboratory-scale investigation was conducted 
to assess the performance of the selected medium in 
domestic wastewater treatment. The study compared the 
chosen medium with the other two media types, focusing 
on parameters such as TN, TP, COD, TSS, and pH to 
evaluate its effectiveness.

Analytic Hierarchy Process 
The AHP is a critical decision-making tool designed to 
address complex problems with a hierarchical structure. 
This method integrates criteria, sub-criteria, and 
alternatives to systematically determine the best option.26 
The process begins with defining the relative importance 
of the criteria through pairwise comparisons, which 
then guide the evaluation of alternatives against these 
criteria. AHP consists of four main stages: formulating 
a hierarchical model, performing pairwise evaluations, 
assessing alternatives, and synthesizing results. This 
approach combines mathematical precision with human 
judgment, enabling a detailed analysis of diverse factors 
and facilitating effective decision-making.

In this study, selecting the most suitable medium was 
particularly challenging due to the many influencing 
factors. Assigning appropriate weights to these criteria 
added complexity and uncertainty to the decision-
making process.27 Consequently, three experts provided 
their insights through a structured questionnaire to 
determine the evaluation criteria. A subjective approach, 
involving a paired comparison matrix and a 9-point 
scale for quantifying preferences, was employed. Expert 
Choice software was used to calculate weights, perform 
pairwise comparisons, and assess compatibility rates, as 
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demonstrated in Table S1.28

Review the Criteria for the Preferred Media
When evaluating the various polymeric media available 
in the market today, it is essential to consider their 
shapes, sizes, and performance attributes. One of the 
primary criteria is the carrier medium’s void ratio, 
defined as the ratio of void volume to the solid biofilter 
volume. Among the options analyzed, K3, MB3, and K5 
demonstrate favorable void ratios of 66.39%, 67.14%, 
and 69.42%, respectively.29 Another crucial parameter is 
the SSA, which directly influences the media’s capacity 
to support bacterial growth and enhance filtration 
efficiency. The SSAs for K3, MB3, and K5 are 500 m2/
m3, 1200 m²/m³, and 1600 m2/m3, respectively. These 
attributes underline the superior performance potential 
of these media options in wastewater treatment 
applications.

MB3
The WaterTek MB3 Movable Bed Filter is a highly 
efficient medium specifically designed for moving bed 
filter systems. Constructed with a corrugated cylindrical 
structure made from durable polyethylene, MB3 creates 
an optimal environment for bacterial growth. With a SSA 
of 1200 m²/m³, this medium provides sufficient space for 
effective filtration processes. The cross-sectional design of 
the MB3 carrier is illustrated in Figure S2.29

K3
The K3 media is a preferred choice due to its resemblance 
to the K1 media in shape, but with a larger diameter and 
extended fins (Figure S3). Precisely engineered, it offers 
an impressive SSA of approximately 3800 m2/m3. The 
AnoxKaldnes K3, a type of suspended media, is widely 
regarded as a benchmark in wastewater treatment due 
to its extensive adoption and rigorous testing in system 
design. One of the standout features of the K3 media is its 
25% increase in specially protected surface area compared 
to its predecessor, significantly enhancing its performance 
in biofilm formation and filtration. Additionally, the 
design cost of this carrier is considerably lower than other 
media analyzed in this research, further solidifying its 
position as a cost-effective and high-performing option 

for wastewater treatment applications.
AnoxKaldnes K5
The AnoxKaldnes K5 media is a specialized variant 
explicitly engineered for nitrogen removal in wastewater 
treatment. Although it shares a similar shape to the K1 
media, the K5 is made from a distinct plastic material, 
which provides a significantly higher surface area that 
promotes the attachment and growth of nitrifying 
bacteria. With an impressive SSA of 1600 m²/m³, this 
medium is highly effective in supporting the biofilm 
formation necessary for efficient nitrogen removal. As the 
latest generation of suspended media, the K5 introduces 
an innovative design with a specially protected surface and 
a complex internal structure featuring 64 internal media 
networks (Figure S4).30 This intricate internal geometry, 
achieved through advanced extrusion molding and part 
design, significantly enhances the media’s performance. 
Additionally, the abundant internal surfaces, combined 
with the flower-like shape of the external cross-section, 
improve the mechanical strength and durability of the 
carrier. These features ensure the K5 media maintains its 
structural integrity throughout its operational lifespan, 
preventing deformation or breakage.

Within the MBBR method, the dimensions and 
configurations of the media significantly impact both 
performance and overall costs. Precisely tailoring the 
media is crucial for ensuring efficient nutrient and 
oxygen transfer.23 Figure 1 illustrates the AHP method, 
highlighting the relationship between the criteria and 
options considered in this study.

Results and Discussion
This study aimed to identify and select the most suitable 
media for evaluation and comparison against control 
media using the AHP method. Suspended media, 
integral to the latest advancements in wastewater 
treatment processes utilizing attached growth, plays a 
critical role in cultivating digestive bacteria within the 
biological segment of the treatment process. Its inclusion 
significantly reduces the aeration tank volume required 
for wastewater treatment, thereby lowering associated 
costs while improving the quality of discharged effluent. 
Additionally, this approach eliminates the need for 

Figure 1. AHP Scheme for Optimal Media Selection
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highly skilled operators, minimizes sludge production, 
and enhances the system’s resilience against organic and 
hydraulic shocks.31 To facilitate the selection process, 
criteria such as porosity, cost-effectiveness, SSA, and 
buoyancy were weighted based on evaluations provided 
by three wastewater treatment experts. A matrix was 
subsequently constructed, and the Expert Choice software 
was utilized to determine the relative weights of both the 
criteria and the options. The results are illustrated in 
Figure 2.

In Figure 3, the final result from the Expert Choice 
software highlights the K5 media as the top-performing 
option, attributed to the higher weight assigned to 
its criteria. The inconsistency rate, calculated at 0.07 
(overall inconsistency = 0.07), is notable as it falls 
below the acceptable threshold of 0.1, confirming the 
compatibility and reliability of the comparison matrix. 
Figure 4 illustrates the sensitivity analysis, a valuable tool 
for exploring the range of possible outcomes centered 
around a target. This method is particularly critical 

Figure 2. (A) Prioritization of options according to the buoyancy criterion, (B) Prioritization of options according to the economic criteria, (C) Prioritization of 
options relative to the special level criterion, (D) Prioritizing the options according to the porosity criterion
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in scenarios where uncertainty exists regarding key 
variables. Sensitivity analysis examines how variations 
in input factors influence the output, providing a deeper 
understanding of their significance and impact within the 
decision-making framework.

To evaluate the performance of the selected media 
compared to alternative options, a biofilm reactor 
utilizing a moving bed was constructed. As shown in 
Figure S5, the reactor tank dimensions are 25 × 25 × 45 
cm. During the research period, daily measurements were 
taken while varying the input flow to the pilot setup to 
assess efficiency under different conditions. Notably, due 
to the sealed nature of the sewage treatment system for 
housing applications, the organic load assessment was 
based on domestic sewage.

The solids retention time (SRT), which represents 
the average time sludge remains in the system, typically 
ranges from 3 to 5 days depending on the temperature 
of the mixed liquid. In this study, the SRT value was 
maintained at approximately 3 days. Hydraulic retention 
time (HRT) data varied across different stages: 3 hours 
for balance and primary sedimentation, 2 hours for 
flocculation, about 1 hour for COD levels ranging 
between 300 and 600 mg/L, 5 to 7 hours for aeration, and 
3 to 4 hours for secondary sedimentation. Throughout 
the research, key input and output parameters-including 
pH, COD, BOD, TSS, nitrogen, and phosphorus-were 
measured and documented (Table 1). TN in wastewater 
encompasses all forms of nitrogen, including organic 

nitrogen, ammonia (NH3), NO3
-, and nitrite (NO2

-). 
Monitoring TN levels is essential in wastewater treatment, 
as excessive nitrogen discharge into water bodies can lead 
to eutrophication. This phenomenon, characterized by 
algal blooms, oxygen depletion, and harm to aquatic life, 
poses significant environmental challenges. Controlling 
and reducing TN is a critical aspect of regulatory 
compliance and wastewater treatment processes.32 TP 
in wastewater reflects the concentration of phosphorus 
compounds present. Elevated TP levels can also 
harm aquatic ecosystems by promoting algal blooms. 
Treatment methods for phosphorus removal include 
chemical precipitation, biological removal, adsorption, 
and advanced technologies such as membrane filtration. 
These approaches aim to maintain safe phosphorus 
levels and protect water ecosystems. Regular monitoring 
ensures adherence to environmental standards.33

The K5 media demonstrates slightly superior removal 

Figure 3. Choosing the Best Option with Respect to the Overall Goal

Figure 4. Sensitivity Analysis Chart

Table 1. Characteristics of Incoming and Outgoing Sewage

Measured 
Parameters

Incoming 
Wastewater

Outgoing Wastewater

Without Media K5 K3 MB3

pH 6.6 No change 7-7.5 7-7.5 7-7.5

COD (mg/L) 300-600 180 30 45 60

BOD (mg/L) 150-300 90 7.5 30 37.5

TSS (mg/L) 150-400 105 16.5 45 30

TN (mg/L) 15-60 No change 1.5 3 4.5

TP (mg/L) 5-15 No change 2.5 2.5 2.5
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efficiency across various pollutants, including nitrogen, 
COD, BOD, and TSS, compared to K3 and MB3 media. 
Table 2 provides a detailed analysis of the performance 
of K3, K5, and MB3 media in terms of pollutant removal 
efficiency and pH adjustment. The K5 carrier exhibits the 
highest nitrogen removal efficiency at 90%, outperforming 
K3, which achieves 80%, and MB3, which demonstrates a 
lower efficiency of 70%. Phosphorus removal efficiency 
remains consistent across all three media, ranging from 
50 to 60%, with no significant differences observed. The 
K5 carrier achieves the highest COD removal efficiency at 
95%, followed by K3 at 85%, and MB3 at 80%. In line with 
COD removal trends, the K5 carrier also excels in BOD 
removal, achieving an efficiency of 95%. The K3 media 
demonstrates a range of 75 to 85%, while MB3 shows a 
slightly lower range of 70 to 80%. The K5 media offers 
exceptional performance in reducing Total Suspended 
Solids (TSS), with an efficiency of 89%. By comparison, 
K3 and MB3 media demonstrate efficiencies ranging from 
60 to 70%. All three media exhibit consistent performance 
in pH adjustment, with minimal differences observed 
among them.

In the MBBR process, maximizing wastewater-treating 
microorganisms relies on the use of floating media within 
the aeration tank. The efficiency of MBBR systems is 
largely determined by the biofilm media, with the specific 
or effective surface area of the media playing a critical 
role in supporting biofilm development. The findings 
highlight that the effective removal of organic matter 
in the moving bed process depends primarily on the 
available surface area for biomass growth. While carrier 
size and shape may influence this area, maintaining 
a consistent SSA across different media minimizes 
performance discrepancies. Therefore, process design 
should prioritize pollutant removal rates per unit area as 
a key guiding principle.34 Table 1 presents measurements 
of pH, COD, and TSS in incoming wastewater. Post-
treatment evaluations reveal that the K5 media achieved 
remarkable COD removal efficiency at an 8-hour HRT, 
reaching 90%. This study further benchmarks K5 media 
against four others. A comparison between K5 media’s 
COD removal efficiency (90%) and that of K3 media 
(80%) and MB3 media (84%) reported in previous studies 
confirms the superior performance of K5 in this study. In 
terms of TSS removal, K5 media outperformed K3 media, 
which achieved 79% efficiency in other studies. The 
findings of  Ahmadlouydarab and Mahna17 validate K5’s 

exceptional TSS removal capability, with a rate of 89%. 
This superior performance is attributed to K5’s elevated 
SSA, which enhances microorganism attachment and 
growth, facilitating robust biofilm formation and effective 
pollutant removal.

Conclusion
This study demonstrates the effectiveness of the AHP 
in selecting optimal media for enhancing wastewater 
treatment in MBBR systems. Among the three media 
evaluated-K3, MB3, and K5-K5 emerged as the most 
efficient, achieving superior removal rates for nitrogen 
(90%), COD (90%), BOD (95%), and TSS (89%), while 
maintaining comparable performance for phosphorus 
removal and pH regulation. The findings underscore the 
pivotal role of media-specific attributes, such as porosity, 
SSA, buoyancy, and cost-effectiveness, in optimizing 
MBBR performance. The use of AHP provided a structured, 
data-driven framework that integrated technical and 
economic considerations to support informed decision-
making. The research emphasizes the requirement for 
further studies to explore the scalability of K5 media 
in full-scale applications and its performance under 
varying operational conditions. Future investigations 
could also focus on integrating advanced materials or 
hybrid technologies to further improve pollutant removal 
efficiency and reduce operational costs. By combining 
rigorous carrier selection methodologies with innovative 
biofilm media designs, this study contributes to the 
development of sustainable and efficient wastewater 
treatment systems, addressing global environmental and 
public health challenges.
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