14th IWA Specialized Conference on the Design, Operation

F and Economics of Large Wastewater Treatment Plants
\\// (LWWTP2024) — Selected Papers
© The Authors 2025

TRIVENT v publshing

PUBLISHING

Novel CFIC® Biofilm Process for
Efficient Municipal Wastewater Treatment

Yuliia Dzihora", Leif Arne Kjeldsberg, and Anirudh Bhanu Teja Nelabhotla

Grev Wedels gate 1, 3111, Tensberg, Norway
“yulila@biowatertechnology.com

Keywords: Attached biofilm, advanced wastewater treatment, CFIC reactor, biological
treatment, biocarriers, BWTX

ABSTRACT

The wastewater industry is a crucial part of global environmental sustainability. Biological
treatment processes use microorganisms for pollutant biodegradation. The Moving Bed Biofilm
Reactor (MBBR) has been used for a long time as a highly efficient, compact and robust
treatment system. However, as regulatory bodies impose stricter regulations, innovation is
necessary to meet future standards. The Continuous Flow Intermittent Cleaning (CFIC®)
technology is an enhanced version of MBBR, which is able to provide a more efficient, compact
and cost-effective solution for wastewater treatment. This paper presents a full-scale
wastewater treatment plant that utilises CFIC® technology with main operational conditions
and treatment performance.

DOI: 10.22618/TP.E1.20254.116012

This is an Open Access article distributed in accordance with the Creative Commons Attribution Non Commercial (CC-BY-NC-ND 4.0) license, which
perniits others to copy or share the article, provided original work is properly cited and that this is not done for commercial purposes. Users may not remix,
transform, or build upon the material and may not distribute the modified material (bttp:/ / creativecommons.org/ licenses/ by-ne/4.0/)


mailto:*yuliia@biowatertechnology.com

Novel CFIC® Biofilm Process for Efficient Municipal Wastewater Treatment

Yuliia Dzihora®, Leif Arne Kjeldsberg, and Anirudh Bhanu Teja Nelabhotla
Grev Wedels gate 1, 3111, Tensberg, Norway
“yulila@biowatertechnology.com

Keywords: Attached biofilm, advanced wastewater treatment, CFIC reactor, biological treatment, biocarriers,
BWTX

ABSTRACT

The wastewater industry is a crucial part of global environmental sustainability. Biological treatment
processes use microorganisms for pollutant biodegradation. The Moving Bed Biofilm Reactor (MBBR) has
been used for a long time as a highly efficient, compact and robust treatment system. However, as regulatory
bodies impose stricter regulations, innovation is necessary to meet future standards. The Continuous Flow
Intermittent Cleaning (CFIC®) technology is an enhanced version of MBBR, which is able to provide a more
efficient, compact and cost-effective solution for wastewater treatment. This paper presents a full-scale
wastewater treatment plant that utilises CFIC® technology with main operational conditions and treatment
performance.

INTRODUCTION

The wastewater treatment is constantly evolving to be able to address the growing population’s demand,
industrialisation, global warming, environmental pollution, and contamination of water reserves (Sehar et al.,
2016). Wastewater generation is constantly increasing, with expected global water use reaching 6000 km3/y
by 2050 (Saidulu et al., 2021).

As awareness of sustainability issues increases, regulatory bodies enforce stricter regulations on wastewater
treatment processes and their effluent. The United Nations (UN) has adopted 17 Sustainable Development
Goals (SDGs), which should be implemented across all businesses by 2030 to improve global sustainability
(UNDP, 2015). Improvements in the wastewater sector can contribute to multiple SDGs by increasing water
quality and availability, nutrient recycling, using energy-efficient technologies, recovering energy, reducing
carbon footprint, encouraging responsible consumption and production, etc. (Obaideen et al., 2022; UNDP,
2015).

There are multiple different wastewater treatment technologies based on mechanical, biological or
chemical processes. However, biological treatment is among the leading technologies, considering its
relatively low operational cost and process sustainability (Leyva-Diaz et al., 2020). Among numerous
biological systems, MBBR has gained the most recognition in recent decades. This technology, developed in
Norway at the end of the 1980s, combines attached and suspended biomass in one reactor. It is based on the
concept that biofilm would appear on anything that regularly comes into contact with the wastewater (Verma
etal., 2022).

Special carriers are typically used in the attached growth reactors to increase available surface area for
biofilm development and, therefore, rise treatment efficiency, biomass biodiversity, energy savings, lower the
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footprint and sensitivity to shock loading rates or toxic compounds, etc. (Jagaba et al., 2021; Saini et al., 2023).
Carriers can be made of various materials, including thermoplastic, clay, granular activated carbon, composite,
waste/recycled materials, etc. (Jagaba et al., 2021). In order to choose the right type of carriers, price,
accessibility, mechanical and biological resistance, and toxicity should be assessed. Plastic carriers are the most
used due to their lightweight (density close to water or less) and high mechanic resistance (Al-Amshawee et al.,
2020). Those carriers (up to 70% filling ratio for MBBR systems) suspended in the wastewater are constantly
mixed by aeration or mechanical mixing, ensuring contact between the wastewater contaminants and biofilm
(Asri et al., 2019).

MBBR technology is commonly used instead of traditional suspended growth systems; however, further
improvement is necessary despite its benefits. CFIC® reactor offers a higher carrier filling ratio (up to 90%),
improved energy efficiency, and lower footprint than conventional MBBR (Dzihora et al., 2023).

This paper details the full-scale implementation of CFIC technology and the operational efficiency of the
plant after its start-up. It also discusses the benefits and challenges faced during the monitoring period.

System work principle. Continuous Flow Intermittent Cleaning biofilm process is a compact and energy-
efficient solution developed and patented by Biowater Technology AS for wastewater treatment (Rathnaweera et
al., 2020; Wang et al., 2019). CFIC reactor is operated in two modes: a normal (about 90% of the operational time)
and a forward wash cycle (FWC) mode (about 10% of the operational time) (Figure 1).

Normal operation (90% of time) FWC (10% of time)
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Figure 1. CFIC reactor during normal and forward wash cycle mode

During normal mode, the reactor is operated at a high biomedia filling ratio (over 90%), which results in
increased system compaction (about 50% more carrier filling than normal MBBR with a maximum filling ratio
of around 65%). The plug flow water movement (upwards) in the CFIC® reactor improves the mass transfer of
oxygen and retention of organic content, achieving high biological treatment efficiency and lowering sludge
production. During the periodic washing cycle (FWC), the water level in the reactor is increased, changing flow
movement to the complete mix pattern. This allows the detachment and removal of excess sludge and prevents
biomedia from clogging (Dzihora et al., 2023). Carriers before and after the washing cycle are shown in Figure
2. CFIC requires reduced mixing and aeration energy compared to an MBBR system while having a nearly
doubled oxygen transfer efficiency (estimated reduction in energy consumption of at least 35%).

Figure 2. Carriers at different CFIC operation modes: a) clean BWTX carriers;

b) carriers during normal operation; c) carriers after the forward-wash cycle.
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13 full-scale CFIC® projects have been delivered worldwide during 2013-2024 for both municipal and
industrial (paper mill, food and beverage, petrochemical) wastewater treatment with a total treatment capacity
of over 100,000 m%/d (China, Brazil, Egypt, Norway, Switzerland, USA).

METHODS

Process flow diagram. The wastewater treatment plant originally only included physical and chemical
treatment steps; however, since it could no longer meet the regulatory requirements as well as the needs of
9300 PE (estimated for 2040), it was expanded and upgraded with a new equalization tank, biological treatment
step (CFIC®), while chemical treatment and following sedimentation stage were rebuilt to the new plant
design. The new plant has also included new sludge treatment (sludge thickening and dewatering).

The new plant was developed to provide treatment for a design wastewater flow of 3576 m®/d (maximum
flow of 7200 m3/d) with a temperature of 6-16°C. The plant COD, BOD, and TP loads were calculated
considering specific pollutant production per PE per day according to the Norwegian guidelines (Norsk Vann,
2009) as shown in Table 1.

Table 1: WWTP design parameters

Parameter Specific production Design values
Flow design (Qgim)* - 149 m3/h or 3576 m3/d
Maximum flow (Qmax.dim) - 300 m3/h or 7200 m3/d
Chemical oxygen demand (COD) 120 g/PE-d 369 mg/Lor 1317 kg/d
Biological oxygen demand (BOD) 60 g/PE-d** 156 mg/L or 558 kg/d
Total phosphorus (TP) 1.8 g/PEd 4.3 mg/Lor 15.3 kg/d

* plant also able to take up to 50 m? /d from septic tank.
** hiological stage was designed based on the BOD load.

The plant receives municipal and industrial (slaughterhouse) wastewater, which undergoes treatment as
follows: pre-treatment (mechanical screens, sand, and grit removal), biological treatment (in two parallel CFIC
reactors), and chemical precipitation followed by sedimentation (Figure 3).
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Figure 3. WWTP flow diagram

Influent wastewater flow is pumped into the distribution box and then directed to the mechanical screens,
which remove coarse particles from the water. Afterwards, water is directed to the aerated sand and fat trap.
Sand is scraped with the screw into the sand pocket and then directed to the sand washers. Sand from the sand
washers is collected in the container. Reject from the sand washers is sent directly to the equalisation tank.
The grease, which floats up on top of the combined sand and fat separator, is collected by a grease scraper and
taken to a separate chamber.
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After the primary treatment, wastewater is directed to the equalisation tank, where it is mixed with reject
water from the sand washers, reject water from the sludge treatment step, and washwater from the CFIC®
reactor.

Pretreatment (mechanical screens, sand, and grit removal) is designed for 300 m%/h (7200 m®/d), while
all the further process steps (biological treatment, chemical precipitation and sedimentation) are designed for
149 m®/h (3576 m3/d). To relieve the load, operational overflow was established from the equalisation tank to
the overflow line, which leads directly to the outlet.

The biological treatment stage consists of 2 parallel lines with 1 reactor each. The process is based on
CFIC® technology, which utilises attached growth biomass to treat the wastewater from biodegradable
pollutants. The total wastewater volume of the biological stage corresponds to 120 m* during normal operation
(90% carrier filling ratio) and 155 m? during the FWC (70% filling ratio). Reactors are filled with HDPE
carriers BWTX (protected area 650 m?/m?). DO sensors play a crucial role in aeration control of the biological
stage; therefore, it is important to ensure their measurement is accurate. This is achieved through the automatic
cleaning system for the DO sensor: ClearSense™.

The main design CFIC design parameters are summarised in Table 2.

Table 2: Design data for the biological treatment stage (9300 PE)

Parameter Design value Comment
Total water volume CFIC normal 120 m? 90% carrier filling ratio
operation 2.9 m water level

70% carrier filling ratio

Total water volume CFIC wash mode 155 m3
3.7 m water level

Total volume of biomedia in the
bioreactors

Carrier’s specific surface area 650 m2/m?3 BWTX™
Total oxygen use in the biological step
(for BOD degradation)

Total air use in the biological step (for 1030 Nm?/h T=16C, DO = 2.5 mg/L, water depth
BOD degradation) 2.9m, diffusor depth 2.75 m

Total sludge production (biological +
chemical sludge)

108 m3 2x54m3

23.4 kg Oz/h

975 kg SS/d Including incoming SS

During normal operation, water enters the bottom of the reactor and moves upwards through immobilised
biomedia, which acts as a biofilter, retaining solids and contaminants. A wash cycle is performed periodically
to prevent system clogging: the lower-level valve is closed, and water starts to rise in the reactor until it reaches
the upper level. Such a change in the filling ratio allows the carriers to release excess sludge and solids. During
the wash cycle, wash water is directed to the Washwater tank, where water is separated from the sludge and
returned to the process (EQ tank).

Biologically treated wastewater flows by gravity to the chemical treatment, where it first undergoes
coagulation with Ekomix 1091 (AICls+FeCls) to precipitate dissolved phosphate. After mixing the wastewater
with the coagulant, it goes through the flocculation chamber, where the low cationic charge polymer (Zetag
9200) is dosed (the polymer was not used during the observation period). Both chemicals are dosed
proportional to the wastewater flow.

At the final separation step, particulate contaminants are precipitated by the gravitational force in the
sedimentation tank and clarified water flows to the recipient (river). Since the CFIC reactor acts as a biofilter,
only about 35-40% will typically pass to the next steps, while 60-65% will be retained by the CFIC and
removed with the washwater.
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Sludge (from biological and chemical treatment) is thickened and then dewatered by decanter centrifuges.
Reject water from the sludge treatment step is returned to the EQ tank.

Post-startup optimization and monitoring. Efficient monitoring of the wastewater treatment plant (WWTP)
after its start-up is essential to ensure optimal loading rate, operational conditions, and system performance in order
to meet the effluent requirements. To ensure those objectives, the monitoring program included operational
parameters records, influent and effluent wastewater quality parameters (both online and laboratory-measured),
and resource use (electricity, air, chemicals).

Samples are collected in the predetermined process locations. The inlet sample is taken from the distribution
box before the mechanical screens, while the effluent sample is taken from the outlet channel. Samples at both
locations are taken proportional to the wastewater flow and analysed as full-day or full-week composite samples.
Automated samplers with cooled compartments have been used to produce composite samples. The obtained
samples were analysed immediately after sampling by an accredited laboratory (frozen samples were not
acceptable).

RESULTS AND DISCUSSION

Data for one year of the post-startup operation have been collected and thoroughly analysed. The following
key wastewater parameters have been chosen for the treatment efficiency evaluation: wastewater flow (Q),
Chemical oxygen demand (COD), Biological oxygen demand (BOD), and Total phosphorus (TP). These
parameters provide enough insight into the efficiency of biological and physical treatment processes, allowing the
adjustment of operational conditions for optimal system performance.

The wastewater pollutant concentrations and loading rates vary depending on the ratio and volume of
municipal wastewater, stormwater, and industrial wastewater from the slaughterhouse. Overall, plant loading
rates have been, on average, 695 kg COD/d, 264 kg BOD/d, and 7.5 kg TP/d, with corresponding design loads
of 1317 kg COD/d, 558 BOD/d, and 15.3 kg TP/d (Figure 4).
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Figure 4. Pollutant removal efficiencies on the WWTP during the observation period (2023)

Typically, during rain/flood events, total wastewater flow is more diluted due to the increased volume of
the influent, therefore decreasing hydraulic retention time, which can reduce the effectiveness of treatment.
Also, high flows may potentially cause flooding of the treatment systems and escape/release of the untreated
wastewater into the receiving body. In the meantime, slaughterhouse wastewater contributes to higher
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contaminant load (specifically BOD and TP), typically higher values during autumn (a common time for the
meat harvest).
WWTP operation during the observation year can be split into four major periods (Figure 5):

1. System adaptation: This initial operation phase involved the WWTP adjusting to the optimal
operation conditions, including biomass growth and stabilisation, to achieve optimal performance. The
average treatment efficiency for the period was 75.9-84.9% COD, 75.5-94.2% BOD, and 67.5-95.6% TP.

2. Stable operation period 1: Following the adaption phase, the plant entered stable operation, where all
the processes stabilised after all the necessary adjustments, resulting in consistent treatment performance. This
period reflects the treatment plant's ability to maintain treatment efficiency and comply with effluent
regulations. The average treatment efficiency for the period was 83.9-97.5% COD, 92.0-96.7% BOD, and
92.0-96.7% TP.

3. Flooding event and treatment process recovery: During this period, the plant experienced flooding
(August 2023), which disrupted the normal treatment process. The ground floor of the treatment plant was
completely flooded and some of the equipment had to be replaced. This period included immediate process
response and gradual plant recovery to its capabilities. The average treatment efficiency for the period was
65.7-95.7% COD, 68.9-94.6% BOD, and 45.8-99.2% TP.

4. Stable operation period 2: After the full recovery, the plant resumed stable operation. This period is
characterised by consistent and reliable wastewater treatment. The average treatment efficiency for the period
was 90.2-98.1% COD, 92.9-98.5% BOD, and 97.6-99.6% TP.

100% 250
oo & RPES 888

90% A& 9% %% 'S A 225
. >4 ® $ 28
£ 80% [¢] 200
: é ? ® 1840 A® g A =
5 0% | o ﬁ 175 &
5 157.3 ® o
5 60% 150 &
.g 50% 122.6 125.6 124.4 125 ‘E
b= ¢ =
; 40% 100 %
5 30% 75 %
2 =
r 20% 50

10% Period 2: Stable Period 3: Flood Period 4: Stable 25

0% | Period 1: Adaptation »le operation 1 » | ¢ event & recovery >l period 2 » 0

$ol el ™ ™ ¥l Y] ™ ™ Ye) o) ™ ) Yol ‘) ™ Y] ™ ™ *
v v (v v \ W\ ¥ y % W v v y V3 % V7 W v v
IO R NS O RS SUIRN RN RAN
NN N N Y N N N N A N N N I N\
@ COD removal A BOD removal ¢ TP removal Flow

Figure 5. Removal efficiencies

When comparing the performance of the treatment plant before an upgrade it is obvious that system has
improved greatly (see Figure 6) with an increase in average COD removal from 64% to 94.8% (P4); BOD
removal from 59.0% to >96.4% (P4); TP removal from 91.0% to >98.6% (P4).

Treatment efficiency can be further improved by further optimizing biological treatment, improving
coagulant dosing and starting the use of polymer for more efficient solids separation.
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Figure 6. Average treatment efficiency before upgrade (2020) and after upgrade (2023):
P1-Adaptation period, P2 — Stable operation 1, P3 — Flood event and recovery, P4 — Stable operation 2.

Meeting the requirements is important to ensure that the plant’s discharge doesn’t negatively affect the
environment or public health (Table 3). The plant's treatment requirements will gradually become stricter,

giving the plant time to be optimised.

Table 3: Treatment requirements

Parameter Until 31/12/2024 From 01/01/2025
CcoD >75% or <125 mg/L >80% or 125 mg/L
BOD >70% or <25 mg/L >75% or <25 mg/L

TP >93% >95%

e TP load is dictated by the requirements for slaughterhouse wastewater treatment.

Achieving high treatment efficiency in percentage terms can be challenging, especially when influent
wastewater concentrations are lower than expected: since efficiency is measured as a percentage of initial
concentration, even a small amount of pollutant remaining in the effluent can greatly impact the efficiency.
This can happen either due to excessive dilution (rain events) or low load from the slaughterhouse. As a matter
of fact, if the slaughterhouse is to close or temporary stop its activities, then the treatment plant would fail to
meet the treatment requirements; in such case, the required treatment efficiencies should be revised.

During the observation period, a few effluent samples did not meet the quality requirements during the
adaptation period and flooding period since the system was not operating in optimal conditions (see Figure
7). However, while assessing the performance during the stable operation periods, it can be concluded that the
system is capable of meeting all the requirements, especially after all the optimization steps are completed,
and the plant is operated at its full potential.
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Figure 7. Effluent quality out of the WWTP during the observation period
CONCLUSIONS

Biological wastewater treatment is an important component of modern wastewater management. As we
approach 2030, the integration of advanced technologies as CFIC, allows to overcome the limitations of the
classical treatment systems, ensuring cleaner effluent water. Continuous evolution of the treatment
technologies is essential to meet stringent regulations and future sustainability goals.

CFIC technology is a good biological treatment system due to its high treatment efficiency and operational
stability. Compared to MBBR, CFIC offers multiple advantages including:

¢ higher pollutant removal rates: CFIC offers a high biofilm surface due to the increased carrier filling
ratio (90%) when compared to MBBR (<70%).

e higher oxygen transfer rates: The CFIC design promotes better aeration, facilitating more efficient
oxygen diffusion through the biofilm and, therefore, reducing the air required for the aeration. Expected
standard oxygen transfer rates (OTR) for 20 °C and 0 mg/L DO in the reactor are 11.9 g O2/Nm?3-m for
MBBR and 23.6 g O2/Nm?3-m for CFIC.

e less energy use and, therefore, lower operational costs.

In this paper, the performance of the WWTP utilizing CFIC technology for the treatment of municipal and
industrial wastewater mix has been evaluated. Overall, the plant was able to achieve the desired treatment
efficiencies, however days with lower performance have been observed to due to the shock events including
increased pollutant loads and wastewater dilution due to the rain/flood.
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