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Abstract

The proliferation of water hyacinths is a global issue with significant environmental and social implications, and its proper
management is a critical issue. Anaerobic digestion (AD) of compressed water hyacinth juice (WH]J) is key to efficiently
utilizing water hyacinth biomass, but a simpler and more cost-effective method has yet to be established. In this study, the
effectiveness of biochar carriers derived from local waste biomass (i.e., coffee husk) for WHI treatment was evaluated in a
sequential batch reactor. This was compared to conventional AD carriers (polyurethane sponge) and no-carrier conditions.
The no-carrier condition resulted in process failure after 40 days due to the accumulation of volatile fatty acids from the
substrate overload. In contrast, the biochar condition showed a significant CH, yield (472 mL/g-VS) and total organic car-
bon removal (88.6%), comparable to the sponge carrier condition. Scanning electron microscope observation revealed an
aggregation of mainly rod-shaped microorganisms in the biochar pores, indicating biofilm formation and a rise in microbial
concentration. Nano-archaea (Candidatus Diapherotrites archacon ADub.Bin253), which have a symbiotic relationship with
methanogens, were detected, particularly in carrier-filled conditions, with a relative archaea abundance of 12.9-28.6%. This
study highlights the effectiveness of using coffee husks to treat WHIJ, which can both exist in the same region, and suggests

an alternative way of using locally generated biomass for local waste treatment.
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Introduction

Water hyacinths (Eichhornia crassipes) are floating aquatic
weeds native to South America that are widely cultivated
and used as ornamental throughout the world because of
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their beautiful light-purple flowers. On the other hand, due
to human runoff into the environment and how incredibly
fast they multiply, they have overgrown in rivers and lakes
and are now a global issue [1]. This overgrowth hinders
fishing and increases poverty [1], blocks waterways and
inhibits agricultural activities [2], and has a serious impact
on aquatic ecosystems by displacing native vegetation and
reducing dissolved oxygen concentration [3]. The large
population of water hyacinths in the environment and their
rapid growth rate necessitate the development of low-cost
long-term control strategies.

Our research group has developed an efficient method
to utilize overgrown water hyacinths (Japanese Patent No.
7204263). This method involves crushing and compressing
the water hyacinths, recovering biogas from compressed
water hyacinth juice (WHJ) using anaerobic digestion (AD),
and producing biochar from compressed solid residue for
fuel and soil conditioning. The AD effluent can be used for
purposes such as growing nutritional microalgae and veg-
etables using hydroponics. To reduce the size of the AD
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reactor and the operating costs, it is necessary to treat WHIJ
as quickly as possible. Previous studies have confirmed that
an up-flow anaerobic sludge blanket reactor with internal
circulation is effective for WHI treatment [4, 5]. However,
the installation of these complex reactors in developing
countries may be a challenge due to their high cost [6].
Therefore, the development of simpler and economical
methods is needed.

One potential method is to add biochar carriers to the
reactor to improve AD treatment performance. Biochar,
which is produced from biomass pyrolysis, is a promising
option due to its high performance and low production cost
[7]. The high porosity and adsorption capacity of biochar
can support microbial growth, toxic substance removals,
and buffer pH levels [8]. Additionally, the filling of carriers
can promote early biofilm formation [9], which can increase
microorganism density [10] and protect them from adverse
environments, such as acidic conditions [11]. Carrier fea-
tures have been used in various types of reactors [10] and
are highly applicable to existing reactors. Coffee husk is a
suitable raw material for producing biochar, as they are read-
ily available in tropical and subtropical countries [12, 13].
Coffee husks are waste products generated in large quanti-
ties during coffee production, and their disposal, process-
ing, and possible recycling are important environmental and
economic concerns [14].

Using coffee husk-derived biochar carriers to enhance AD
treatment of WHJ is an important initiative from the view-
point of making effective reuse of the overgrown water hya-
cinth themselves locally. This approach has several benefits,
including easy introduction into local digesters, reducing
purchase and transportation costs for carriers compared to
the use of conventional commercial carriers, and reducing
environmental impact from coffee husk disposal. However,
research on the use of carriers in treating WHIJ is limited and
requires further investigation. This study aims to evaluate the
performance of WHIJ treatment using coffee husk—derived
biochar carriers in a sequential batch reactor (SBR).

Materials and Methods
Substrate and Inoculum Preparation

The water hyacinths were collected from swamp fields in
November 2020 in Kazo City, Saitama Prefecture, Japan.
The whole plant of water hyacinth (i.e., leaves, stem, and
roots) was then shredded and compressed by a milling and
dewatering machine (RSC-2500MC/RSC-250S, R-ing Co.
Ltd, Japan), and the WHIJ was filtered through a 106-pm
mesh and stored in a refrigerator at 4 °C. The filtered WHJ
had the following characteristics: pH 4.02 + 0.06, 12,878
+ 3139 mg/L of suspended solid (SS) concentration, 9818

+ 161 mg/L of total organic carbon (TOC) concentration,
29,617 + 369 mg/L of chemical oxygen demand (COD) con-
centration, 35,093 + 384 mg/L of total solid (TS) concentra-
tion, 26,013 + 380 mg/L of volatile solid (VS) concentra-
tion, 257.6 + 5.4 mg/L of total nitrogen (TN) concentration,
38.1 + 0.7 of carbon-to-nitrogen (C/N) ratio, and 3538 + 27
mg/L of volatile fatty acid (VFA) concentration.

Mesophilic anaerobic sludge was collected from a full-
scale anaerobic digester that treated dewatered sewage
sludge at the Hokubu Sludge Treatment Center in Yoko-
hama City, Kanagawa Prefecture, Japan. Then, the sludge
was stored in a temperature-controlled room at 37 °C for 10
days to remove residual organic compounds from the sludge
[15]. The SS and volatile SS concentrations in the sludge
were 16,542 and 12,594 mg/L, respectively.

Biofilm Carrier Preparation

Two different biofilm carriers (biochar and sponge) were
prepared in this study. The coffee husks were purchased
from the Matayoshi Coffee Plantation in Kunigami District,
Okinawa Prefecture, Japan. The coffee husks were dried at
105 °C for 24 h and then pyrolyzed in a muffle furnace at a
heating rate of 5 °C/min to 600 °C with a retention time of 2
h. For the operation of the muffle furnace, it was the same as
Ahmed et al. [16]. The pyrolyzed biochar was washed for 8 h
by mixing it with pure water on a shaker at 80 rpm and was
used as a biochar carrier. The biochar carrier was sieved to
obtain particle sizes of 3.2-5.6 mm. A commercially avail-
able polyurethane sponge was used as a control carrier and
cut into 5-mm cubes. The cut sponge was washed with pure
water and then dried at room temperature and then used as
a sponge carrier. Carrier size was determined based on the
report of Cayetano et al. [10].

Bioreactor and Operating Conditions

Medium bottles with an effective volume of 2.0 L were used
as reactors. Three conditions were set up: Two bottles were
filled with different carriers (biochar and sponge), and the
third bottle was left without a carrier. The apparent filling
rate of the carriers was 20% (v/v) [17]. In the carrier-filled
conditions, the apparent volume of each carrier was meas-
ured using a 0.5-L female cylinder and then pure water was
added to the carrier to bring the volume to 0.4 L, which
was transferred to a medium bottle along with 1.6 L of seed
sludge. Specific amounts of biochar and sponge carrier were
41 g and 7 g, respectively. In the control condition without
a carrier, 0.4 L of pure water and 1.6 L of seed sludge were
added in a medium bottle. The experiment was conducted
under anaerobic conditions at 37 °C + 1 °C with shaking at
100 rpm. The SBR operation was conducted by repeating
the following processes: 15 min for substrate supply, 21.5
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h for reaction, 2 h for settling, and 15 min for effluent dis-
charge (Fig. 1). At the start-up of the experiment, only seed
sludge was added to the reactors until the effective volume
was filled. The HRT and the OLR were set to 10 days and
2.96 g-COD/L/day, respectively. The produced biogas was
collected using aluminum gas bags. The sludge and effluent
samples were collected using syringes once every 2 days.
The substrate was supplied using syringes daily.

Analytical Methods

The pH was measured using a benchtop pH meter (Seven-
Compact pH/Ion meter S220, Mettler Toledo, USA). The
concentrations of TS, VS, and SS were measured accord-
ing to the method defined by the American Public Health
Association (2006) [18]. The concentrations of TOC, TN,
dissolved organic carbon (DOC), and total dissolved nitro-
gen were measured using a TOC analyzer (TOC-L CPH/
CPN, Shimadzu, Japan). The VFA concentrations were
measured using a spectrophotometer (DR-3900, HACH,

f Influent

Biofilm carrier

Feeding
15 min

SBR cycle
24 h

Decanting
15 min

Reaction
21.5h

Settling
2h

Fig. 1 Schematic of sequencing batch reactor (SBR) operation. This
experiment was conducted in reactors (effective volume: 2.0 L) filled
with carriers and in reactors without carriers. Biogas is always col-
lected in a gas bag through the port
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USA) according to the esterification method (HACH method
8196). The COD concentrations were measured using a
spectrophotometer (DR-3900, HACH, USA) in accordance
with the USEPA reactor digestion method (HACH method
8000). The volume of the biogas produced was measured
using a syringe at room temperature (approximately 25 °C)
as the gas was collected in a gas bag. The CH, content was
measured following the procedure described by Salangsang
et al. [19]. The TOC removal efficiency was calculated using
the following equation:

TOC[H - DOCeff
TOC;

mn

TOC removal efficiency (%) = x 100 (1)

where TOC;, is the TOC concentration in the substrate that
is supplied to the reactor, and DOC is the DOC concentra-
tion in the effluent.

The carbon balance was calculated using the following
equations:

Ven, X € X Ky x 1000

Con, (me) = ——~ @

Veo, X € X K x 1000

Ceo, (mg) = VXK, 3)

Cothers (mg) = TOC;, — (DOCyy; + Cen, + Ccoz) 4)

where Cy, is the amount of carbon contained in CH, pro-
duced in each reactor, Vis 22.4 L/mol, which is the volume
of 1-mol standard state gas, and Vyy, is the volume of CH,
produced in each reactor. C is the amount of carbon (12 g/
mol), K, is 273 K, and K| is 298 K at room temperature.
Ccop is the amount of carbon contained in CO, produced
in each reactor, and V, is the volume of CO, produced
in each reactor. Cqye,, includes carbon used for microbial
growth in the reactor and undegraded substrate carbon
retained in the reactor. The experimental period covered for
the mass balance calculation was days 35-49.

Scanning Electron Microscope (SEM)

The carrier and the microorganisms on the carrier were
observed by a SEM. The microbial carriers were collected
from the reactor on day 49 of the experiment and washed
with a phosphate buffer solution (pH = 7.2) to remove
excess sludge. Afterward, the carriers were fixed overnight
in a 2.5% (v/v) glutaraldehyde solution [20]. The samples
for SEM were prepared based on freeze-drying [21]. The
SEM samples were washed with pure water, dried using a
freeze dryer (FD-6510, SUN Technologies), and coated with
osmium using a metal coating device (HPC-1S, Vacuum
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Device). The micrographs of these samples were taken using
a SEM (JSM-7500F, JEOL).

Microbial Community Analysis

The sludge samples were collected from the reactor on
day 49 of the experiment and stored at —20 °C until anal-
ysis. The DNA was extracted using Extrap Soil DNA Kit
Plus ver. 2 (NIPPON STEEL Eco-Tech, Japan) accord-
ing to the manufacturer’s instructions. Library prepara-
tion and sequencing analysis were outsourced to Bio-
engineering Lab Co., Ltd. (Kanagawa, Japan). The 16S
rRNA gene V4 region of the extracted DNA sample was
amplified through the MiSeq (Illumina, San Diego, USA)
sequencing platform. In the Quantitative Insights Into
Microbial Ecology 2 software package (2021.11 release),
all the effective sequences were grouped into operational
taxonomic units (OTUs). Each OTU was classified using
a 97% OTU reference 16S rRNA database of Silva (ver.
132).

Statistical Analysis

Substrate and seed sludge characteristics were performed
at least three times, and the average values were presented.
These results were expressed as mean value + standard devi-
ation of the carried-out analyses for all the measurements
(as shown in the section—‘Materials and Methods”). The
CH, production of the reactors over the experimental period
was statistically analyzed by one-way ANOVA followed by
the Tukey—Kramer comparison test using Statcel3 software
program (OMS publishing, Inc., Japan) [15].

Fig.2 Time courses of pH (a), (a)

CH, production rate (b), DOC 8
concentration of effluent and
TOC removal efficiency (c), and
VFA concentration of efflu-

ent (d). Orange circle (@) and
black diamond (4p): biochar
condition; white square () and
white diamond ({>): sponge
condition; black cross (X) and

Results and Discussion
Overall Reactor Performance

Reactor performance in terms of pH and CH, production
rate largely varied depending on the conditions (Fig. 2a
and b). The pH value in an AD reactor is used as a simple
indicator of process stability, and the appropriate pH range
is 6.5-8.2 [22]. In this experiment, the pH values ranged
from 6.8 to 7.5 for both the biochar- and sponge-operated
reactors throughout the whole experimental period (Fig. 2a).
Similarly, the CH, production in both carrier-filled reactors
was generally stable between 1.0 and 1.3 L/L/day (Fig. 2b).
In contrast, the pH and CH, production rate in the control
condition suddenly dropped around day 40 and continued to
decrease until the end of the experiment.

Table 1 presents the average CH, production rates during
the experiment compared using one-way ANOVA followed
by Tukey—Kramer’s method. The conditions were compared
from day 31, when the operation was relatively stable, until
day 49. The control condition had an average CH, produc-
tion of 0.44 + 0.42 L/L/day, with values fluctuating widely

Table 1 Methane production during stable periods at days 31-49.
All values are averages with standard deviation (). Letters represent
significant differences within each condition by one-way ANOVA fol-
lowed by Tukey—Kramer’s method (p < 0.01)

Conditions Methane production (L/L/day)
Control 0.44 +0.42 (8)*
Biochar 1.13 + 0.09 (8)®
Sponge 1.08 £ 0.15 (8)B

white triangle (A): control
condition
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throughout the period. In contrast, the biochar and sponge
conditions were stable at 1.13 + 0.09 and 1.08 + 0.15 L/L/
day, respectively, and significantly higher than the control
condition (p < 0.01). No significant differences were found
between the biochar and sponge conditions, indicating that
each carrier’s performance was almost identical. Although
there are no reported studies using coffee husk—derived bio-
char for AD treatment, the results confirm that biochar per-
forms comparably to other carriers in treating WHIJ.

The effluent’s DOC concentration was considerably sta-
ble at around 1.0-1.2 g/L in the biochar- and sponge-filled
conditions, resulting in high TOC removal efficiencies of
>80% (Fig. 2c). These TOC removal values were similar to
those reported by Liu et al., indicating good reactor start-
up and performance [5]. In the control condition, the DOC
concentration increased from day 33 onward, decreasing
TOC removal efficiency. VFAs are the main contributors
to acidification in AD. The pH decreases when the VFA
production rate exceeds its decomposition rate and can result
in process instability or failure [22, 23]. In the biochar- and
sponge-filled conditions, the VFAs did not accumulate and
were stable between 0.3 and 0.6 g/L until day 49 (Fig. 2d).
In contrast, the accumulation of VFAs began after day 30 in
the control condition and increased exponentially until day
44, after which it stabilized.

The carbon mass balance calculated from the results on
days 35-49 showed the difference in the performance of
each reactor (Fig. 3). In the biochar- and sponge-filled condi-
tions, biogas accounted for ~90% of the total carbon, and the

Fig.4 SEM photos of the car-
riers before experimental. Low
(a) and high (b) magnification
of biochar. Low (c) and high (d)
magnification of sponge
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Fig.3 Carbon mass balance of days 35-49 in this experiment. White
bar (O): CHy; gray bar (@): CO,; dotted bar (g3): effluent DOC;
hatched bar (§j): others

substrate was well converted into gas. In contrast, the control
condition showed a high value for the “others” component
(36%), indicating inefficient substrate conversion to biogas.
These results indicate that biochar and sponge were appro-
priate carriers for stable AD of WHJ.

SEM Observation

The results of the SEM observation of each carrier before
experimental use are shown in Fig. 4. The surface of the bio-
char carrier was covered with numerous latticelike irregular-
ities, and the size of the pores was about 20 pm (Fig. 4a and
b). The sponge carrier had very large voids (about 200—-600
pm) and a smooth fiber surface (Fig. 4c and d). SEM obser-
vation of the carriers on day 49 showed biofilm formation on
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both carriers (Fig. 5). On the surface of the biochar, aggre-
gation of microorganisms was observed, mainly rod-shaped
microorganisms in the pores (Fig. 5a and b). In particular,
the pores of the biochar held microorganisms. Similarly, Ma
et al. [24] reported that the pores of biochar acted as a shelter
for microorganisms. Microorganisms and biochar are easily
bound by van der Waals forces due to their hydrophobic
surfaces [25]. In the sponge carriers, clumps of sludge were
held in their voids, and the filamentous microorganisms were
agglomerated (Fig. 5c and d). The tight attachment of the
microorganisms to the sponge carriers was attributed to the
hydrophilic groups and cationic surfactant active groups
of polyurethane [26]. Although the microbial aggregation
process of the biochar and sponge carriers may have been
different, both successfully formed biofilms, indicating high
treatment performance.

Factors Affecting Reactor Performance

The control condition experienced acidification due to the
high acidity and C/N ratio of the WHJ substrate, which
reduced the activity of the methanogenic archaea and ace-
togenic bacteria responsible for AD. This resulted in the
accumulation of VFAs and decreased efficiency of substrate
degradation, leading to treatment failure. The pH of WHIJ,
which was 4.02, was below the suitable range of 6.5-8.2 for
microorganisms involved in AD [22]. Additionally, the C/N
ratio of WHIJ was 38, higher than the recommended range of
20-30 for AD [27]. Substrates with high C/N ratios inhibit

Fig.5 SEM photos of the car-
riers on day 49 of the experi-
ment. Low (a) and high (b)
magnification of biochar. Low
(c) and high (d) magnification
of sponge

microbial growth because there is insufficient nitrogen for
microbial cells to function properly, leading to VFA accu-
mulation and reduced pH [28, 29]. The acidity and high C/N
ratio of WHJ may have reduced the activity of microorgan-
isms in the reactor, leading to decreased substrate degra-
dation efficiency, growth rate, and eventual failure of the
control condition operation.

In contrast, in carrier-filled conditions (biochar and
sponge), the biofilm formed on the surface of the carrier
plays a crucial role in maintaining high microbial density
and protecting microorganisms from unfavorable environ-
ments. The biofilm has a microbial density 10 times higher
than that of suspended sludge [30], significantly enhancing
the efficiency of substrate degradation and VFA conversion
to biogas. Furthermore, the biofilm protects the microorgan-
isms from external acidity and other environmental factors
through the extracellular polymeric substance matrix, pre-
venting a decline in microbial activity [30]. These biofilm
functions greatly contributed to the WHIJ treatment per-
formance in this experiment, with pH values consistently
around 7 in the biochar and sponge conditions, indicating
higher methane production and organic matter removal per-
formance than in the control condition.

Table 2 summarizes the studies on the AD of water hya-
cinths or WHJ. Compared to other studies, the substrate used
in this study had the lowest pH value. Moreover, the C/N
ratio of the substrate in this study was 38, while in a previous
study, it was 23 [5], which is suitable for AD. Normally, such
low pH and high C/N ratio of substrates inhibit AD reactions
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Table 2 Comparison with previous studies

Substrate Reactor type Substrate characteristics OLR (g-COD /L/day) = CH, production rate COD (TOC)  References
removal (%)
pH COD (mg/L) mL/g-COD  mL/g-VS

WH CSTR n.d. n.d. 0.73 (g-VS) n.d. 240 n.d. [31]

WH Two-stage 5.8 n.d. 3.75 146.4 n.d. 73 [32]
Pretreated WH ~ Two-stage 5.8 n.d. 3.75 340.8 n.d. 82 [32]

WHIJ UASB 7.0-7.5 15,630-23,500 8.85 150 n.d. 86 [5]

WHIJ MIC 7.0-7.5 15,630-23,500 17.93 210 n.d. 82 [5]

WHIJ Batch 6.8 5960 n.d. n.d. 635 n.d. [33]

WHIJ SBR (biochar) 4.0 29,617 2.96 413.8 471 89 (TOC) This study

WH water hyacinth, WHJ water hyacinth juice, COD chemical oxygen demand, HRT hydraulic retention time, OLR organic loading rate, VS
volatile solid, TOC total organic carbon, n.d. not determined, UASB up-flow anaerobic sludge blanket, MIC modified internal circulation, CSTR

continuous stirred tank reactor, SBR sequencing batch reactor

Reference: [31] Hanisak et al., 1980, [32] Barua and Kalamdhad, 2019, [5] Liu et al., 2020, [33] Hudakorn and Sritrakul, 2020

and reduce reactor performance [22, 28]. Nevertheless, this
experiment yielded the highest CH, production rate of 413.8
mL/g-COD and a relatively high organic removal efficiency
of 89% (TOC) compared to other studies. Even with sub-
strates being unfavorable to AD, the high treatment perfor-
mance suggests that using the coffee husk—derived biochar
carrier may provide superior operating conditions in treating
other WHI.

Microbial Community

Fifteen bacterial phyla were detected to be more than 1% in
the seed sludge with Bacteroidetes (25.8%), Proteobacteria
(13.2%), Cloacimonetes (12.8%), and Firmicutes (12.2%)
predominating (Fig. 6a). Bacteroidetes and Firmicutes were
predominant in all the reactors on day 49 (58.0-83.4%).
Bacteroidetes and Firmicutes are bacterial phyla commonly
found in a typical AD reactor and are responsible for the
degradation and hydrolysis of complex macromolecules by
releasing extracellular enzymes [34]. The relative abundance
of both phyla was significantly higher in the biochar- and
sponge-filled conditions (58.8% and 47.2%, respectively).
The pores of biochar have been reported to act as a shelter
for microorganisms and enrich these species [35]. Bacteroi-
detes and Firmicutes which increased by the addition of the
carriers may have contributed to the rapid degradation of SS
in the WHI. In addition, Firmicutes are capable of degrading
acetate and the low presence of Firmicutes leads to the accu-
mulation of acetate due to reduced consumption [36]. This is
consistent with the lower relative abundance of Firmicutes in
the control reactor compared to the other reactors and with
the higher resultant concentration of VFAs.

In total, 12 genera of archaea were detected to be more
than 1% in the substrate, seed sludge, and reactors (Fig. 6b).
Methanosaeta and Methanolinea were dominant in the seed
sludge (23.5% and 38.2%, respectively). These two genera
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were also dominant in all the reactors, where their relative
abundance was the highest in the control condition (82.0%)
and moderate in the biochar- and sponge-filled conditions
(53.0% and 51.5%, respectively). Biofilm carriers provide
a habitat for microorganisms and retain them due to their
porosity or large voids [37, 38]. In AD, archaeal diver-
sity is directly related to reactor stability, and a decrease
in diversity has been observed in loaded environments for
microorganisms [39]. Differences in the relative abundance
of Methanosaeta and Methanolinea occupying each reac-
tor indicate that the addition of the carriers improves the
archaeal diversity and performance stability. Unclassified
Woesearchaeia (class level) and Candidatus Diapherotrites
archaeon ADurb.Bin253, a type of Woesearchaeia, were also
detected in the WHI and reactors (Fig. 6b). Woesearchaeia
is one of the classes in the phylum Nanoarchaeaeota. Nano-
archaeaeota have extremely small genomes and cell sizes
and are generally known to live as parasites or symbionts
with other archaea [40]. Woesearchaeia is thought to be a
heterotroph that degrades organic matter to produce acetate
and hydrogen and thought to live in symbiosis with metha-
nogens and is more commonly detected in soil than in water
[41-43]. Woesearchaeia was the dominant archaeon among
the archaea in WHJ possibly because the water hyacinths
in this experiment were rooted in a swampy area and had
soil attached to them. Candidatus Diapherotrites archaeon
ADurb.Bin253 detected in the seed sludge and reactors
has never been reported to be detected in AD. Candidatus
Diapherotrites archaeon ADurb.Bin253 was present in low
relative abundance (1.1%) in the seed sludge, but its abun-
dance significantly increased in the carrier-filled (biochar
and sponge) conditions during the experiment (12.9-28.6%).
These results indicate that Candidatus Diapherotrites
archaeon ADurb.Bin253, which belongs to Woesearchaeia,
may have contributed to organic matter degradation and
reactor stability through symbiosis with archaea, and that
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Fig.6 Microbial community (a)
structure at the phylum level of WHJ
bacteria (a) and genus level of Seed sludge

archaea (b)
Day49-control

Day49-biochar

Day49-sponge

B Firmicutes
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filling of carrier enhanced the relative abundance of Candi-
datus Diapherotrites archaeon ADurb.Bin253.

Conclusions

This study aimed to evaluate the effectiveness of coffee
husk—derived biochar as a carrier for treating WHJ in an
anaerobic SBR and compare its performance to that of
sponge-filled and control conditions. The biochar carrier
showed high CH, production (0.9-1.3 L/L/day), average
TOC removal efficiency (88.6%), and pH stability (6.8-7.1).
The result showed that the performance of the biochar was
comparable to that of the sponge carrier. Hence, the cof-
fee husk—derived biochar can be considered a sustainable
and useful carrier for enhancing the AD of WHJ. Moreover,
the carrier-filled conditions (12.9-28.6%) showed the pres-
ence of nano-archaea (Candidatus Diapherotrites archaeon
ADub.Bin253), which are known to have a symbiotic rela-
tionship with methanogens, indicating their contribution
to the substrate degradation and reactor stability. Further

Candidatus Diapherotrites archaeon ADurb.Bin253

studies are needed to optimize the pyrolysis temperature for
coffee husk biochar and to conduct pilot studies around Lake
Tana, Ethiopia, to enhance WHI treatment performance.
Additionally, understanding the function of nano-archaea
for WHIJ treatment will be crucial for enhancing the pro-
posed process.
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