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Abstract 

The bioscrubber circulation water at the Biogas Power Plant is sourced from overflow digested Palm Oil Mill Effluent (POME) 

containing very high Total Suspended Solids (TSS), exceeding 500 mg/L. High TSS causes fouling of sprayer nozzles, clogging 

of packing media, and reduces Thiobacillus bacterial activity in biological H2S oxidation. This study aims to evaluate the 

effectiveness of coagulation-flocculation using Aluminum Sulfate (Alum) and Polyaluminium Chloride (PAC), as well as sand 

filtration, in reducing TSS levels. Coagulation-flocculation tests were carried out as jar tests with dose variations of 0, 50, 100, 

150, and 200 ppm for each coagulant, followed by 30-minute sedimentation. Filtration tests used 300 grams of silica sand (0.5-

1.0 mm diameter) in a gravity-driven column (height 30 cm, diameter 5 cm) with three replicates. Furthermore, a novel mixing 

strategy was developed by combining digested POME with clarified POME from the final sedimentation pond (low TSS) at a 1: 

3 ratio. Results show that PAC at optimal dose 150 ppm achieves TSS removal efficiency of 89.36% with final TSS of 150 ppm, 

outperforming Alum which achieved 82.47% at the same dose. Sand filtration consistently reduced TSS by an average of 80.20% 

while maintaining TDS at an average reduction of 26.18%, preserving dissolved organics as bacterial nutrients. The 1: 3 mixing 

strategy successfully reduced TSS to below 50 mg/L, eliminating nozzle and sprinkler clogging, preventing packing media 

fouling, and achieving H2S removal efficiency down to 10 ppm in the bioscrubber outlet. The combination of PAC 150 ppm and 

sand filtration, along with the 1: 3 mixing strategy, is recommended as a stage. 
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1. Introduction 

The utilization of Palm Oil Mill Effluent (POME) as a re-

newable energy source through biogas power generation rep-

resents an important strategy in sustainable waste manage-

ment. POME treated through anaerobic fermentation produces 

biogas rich in methane (CH4), which can be used as fuel for 

electricity generation [1, 2]. However, the biogas produced 

also contains impurities, particularly hydrogen sulfide (H2S), 

in significant concentrations. This compound is highly corro-

sive and poses a serious risk to gas engine components if not 

properly treated [3, 4]. 

To overcome this issue, bioscrubber-based biogas purifica-

tion systems are widely applied due to their ability to integrate 

physico-chemical absorption with biological oxidation pro-

cesses. In this system, H2S is absorbed into the liquid phase 

and subsequently oxidized by Thiobacillus bacteria into ele-

mental sulfur or sulfate, which are more stable and less harm-

ful [5, 6]. The effectiveness of this process is strongly influ-

enced by the quality of the circulating water used as the con-

tact medium between gas and microorganisms. Key parame-

ters such as pH, dissolved nutrient content, and low levels of 

suspended solids are critical for maintaining stable microbial 

activity [7, 8]. 

In practical operation at the Biogas Power Plant, the bi-

oscrubber circulation water is sourced from overflow digested 

POME, which still contains high concentrations of TSS, ex-

ceeding 500 mg/L. This condition is not ideal, as high TSS 

levels can lead to nozzle fouling and clogging, accumulation 

of solids within the packing media, and reduced oxygen diffu-

sion into the microbial biofilm, ultimately decreasing the bio-

logical activity of Thiobacillus [9, 10]. The presence of sus-

pended solids in water treatment systems is known to reduce 

process efficiency both physically and biologically, particu-

larly in biofilm-based systems [11]. 

POME itself is classified as high-strength wastewater, with 

Chemical Oxygen Demand (COD) ranging from 70,000 to 

100,000 mg/L and Biochemical Oxygen Demand (BOD) be-

tween 25,000 and 65,000 mg/L [3]. After anaerobic digestion, 

the resulting effluent—referred to as digested POME or di-

gester overflow—still contains TSS concentrations ranging 

from 500 to 8,000 mg/L depending on operational conditions 

[4, 12]. Therefore, an effective pretreatment process is re-

quired to improve water quality before its reuse in the bi-

oscrubber system. 

Theoretically, TSS reduction can be achieved through a 

combination of physical and chemical processes. Coagula-

tion-flocculation is a widely used method to destabilize nega-

tively charged colloidal particles by adding positively charged 

coagulants, allowing particles to aggregate into settleable 

flocs [11]. Conventional coagulants such as Aluminum Sul-

fate (Alum) have been extensively used in wastewater treat-

ment; however, more advanced coagulants like Polyalumin-

ium Chloride (PAC) offer higher efficiency and a wider oper-

ational pH range, producing denser flocs with less sludge gen-

eration [4, 13]. Nevertheless, excessive dosing may lead to a 

charge reversal phenomenon, reducing coagulation efficiency, 

thus making dosage optimization through jar testing essential 

[14]. 

In addition, sand filtration is recognized as an effective pol-

ishing method for removing suspended particles larger than 5–

10 µm. Its main advantage lies in its ability to significantly 

reduce TSS without substantially decreasing TDS, which are 

essential as nutrients for Thiobacillus bacteria. Previous stud-

ies have shown that the combination of PAC coagulation and 

sand filtration can achieve up to 80% TSS removal in POME 

treatment systems [4, 15]. Recent advancements in filtration 

media have further improved the selectivity of suspended sol-

ids removal while preserving dissolved nutrients [16, 17]. Fur-

thermore, combining coagulation-flocculation with multi-

layer filtration has been reported to improve effluent quality 

for reuse [18, 19]. 

Based on this background, this study aims to evaluate the 

effectiveness of coagulation-flocculation using Alum and 

PAC, as well as sand filtration, in reducing TSS levels in di-

gested POME. Furthermore, this research seeks to develop an 

optimal pretreatment system for bioscrubber spray water by 

balancing TSS removal efficiency with the maintenance of 

dissolved nutrients required for stable microbial activity. 

2. Materials and Methods 

This study was conducted at the Biogas Power Plant, lo-

cated in Indonesia. Laboratory analyses were carried out in the 

internal laboratory facilities of the Biogas Power Plant from 

October 2025 to April 2026. 

2.1. Tools and Materials 

The equipment used in this study included 300 mL plastic 

bottles for jar test experiments, 1000 mL glass bottles for sam-

ple collection, funnels and 250 mL Erlenmeyer flasks for fil-

tration processes, a portable digital meter calibrated with pH 

7 buffer for measuring pH, Electrical Conductivity (EC), and 

TDS, a drying oven for TSS analysis, an analytical balance 

with 0.001 g precision, volumetric pipettes (10 mL), and 1000 

mL volumetric flasks for preparing stock solutions. 

The materials used consisted of digested POME samples 

obtained from the existing biodigester, Aluminum Sulfate 

(Alum) and Polyaluminium Chloride (PAC) as coagulants, 

distilled water for stock solution preparation, pH 7 buffer so-

lution for instrument calibration, 300 grams of silica sand 

(particle size 0.5–1.0 mm) as filtration media, and Whatman 

filter paper Grade 42 (2.5 µm pore size) for gravimetric TSS 

analysis. 
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2.2. Research Procedure 

2.2.1. Sample Preparation and Coagulant Solution 

Five 300 mL bottles were filled with digested POME sam-

ples and manually mixed for 10 seconds to ensure homogene-

ity. Initial parameters, including pH, TDS, EC, and TSS, were 

measured in duplicate. A 10,000 mg/L stock solution was pre-

pared by dissolving 10 grams of coagulant in 1 liter of distilled 

water. 

2.2.2. Coagulation–Flocculation Jar Test 

Coagulants were simultaneously added to bottles 2–5 at 

dosages of 50, 100, 150, and 200 ppm, while bottle 1 served 

as a control. Rapid mixing was conducted for 5 seconds, fol-

lowed by slow mixing for 30 seconds to promote floc for-

mation. The samples were then allowed to settle for 30 

minutes. After sedimentation, the supernatant was carefully 

collected from a depth of 5 cm for analysis. TSS concentration 

was determined using the gravimetric method according to the 

following equation: 

TSS (mg/L) = (W2 − W₁) × 1000 / Sample Volume (mL) (1) 

2.2.3. Coagulation–Flocculation Jar Test 

Sand filtration experiments were conducted using a gravity-

driven column (height 30 cm, diameter 5 cm) containing 300 

grams of silica sand with particle size distribution of 0.5–1.0 

mm. The filtration bed height was approximately 15 cm, and 

the flow rate was maintained at 20–25 mL/min by gravity. The 

tests were performed in triplicate using different feed samples 

from the optimal coagulation-flocculation effluent. TSS and 

TDS were measured before and after filtration to evaluate the 

filtration performance. 

3. Results 

3.1. Coagulation Performance Summary 

Tables 1 and 2 summarize the performance of Alum and 

PAC coagulants at various dosages. For Alum (Table 1), the 

highest TSS removal efficiency (82.47%) was achieved at 150 

ppm, with final TSS of 270 ppm. Higher dosage (200 ppm) 

reduced efficiency to 71.13%, indicating charge reversal. TDS 

reduction peaked at 30.29% at 150 ppm, while pH decreased 

from 7.9 to 7.0. 

Table 1. Performance of Alum Coagulant at Various Dosages. 

Dosage (ppm) Initial TSS (ppm) Final TSS (ppm) TSS Removal (%) TDS Reduction (%) Final pH 

0 (control) 1,230 1,090 11.38 15.63 7.9 

50 1,260 970 23.02 19.01 7.7 

100 1,380 410 70.29 21.48 7.4 

150 1,410 270 82.47 30.29 7.1 

200 1,420 410 71.13 24.05 7.0 

For PAC (Table 2), TSS removal efficiency reached 89.36% at 150 ppm (final TSS 150 ppm) and further increased to 92.96% 

at 200 ppm without performance decline. TDS reduction was also higher (33.07–33.55%), with pH decreasing from 7.7 to 6.4. 

Table 2. Performance of PAC Coagulant at Various Dosages. 

Dosage (ppm) Initial TSS (ppm) Final TSS (ppm) TSS Removal (%) TDS Reduction (%) Final pH 

0 (control) 1,230 1,090 11.38 14.96 7.7 

50 1,260 970 23.02 20.76 7.2 

100 1,380 410 70.29 24.09 6.8 

150 1,410 150 89.36 33.07 6.7 

200 1,420 100 92.96 33.55 6.4 
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3.2. Comparison of Alum and PAC at Optimal 

Dosage 

Table 3 shows that PAC outperforms Alum across all key 

parameters at the optimal dosage of 150 ppm. The difference 

in final TSS concentration (120 mg/L) is particularly signifi-

cant. 

Table 3. Performance Comparison of Alum and PAC at 150 ppm. 

Parameter Alum (150 ppm) PAC (150 ppm) Advantage 

TSS Removal Efficiency (%) 82.47 89.36 PAC 

Final TSS (ppm) 270 150 PAC 

TDS Reduction (%) 30.29 33.07 PAC 

Performance at 200 ppm 71.13% ↓ 92.96% ↑ PAC 

Final pH 7.1 6.7 Alum 

 

3.3. Effectiveness of Sand Filtration 

The sand filtration experiments demonstrated highly con-

sistent TSS removal efficiencies of 80.23%, 81.24%, and 

79.14%, with an average of 80.20% (Table 4). In contrast, 

TDS reduction was significantly lower, averaging 26.18%, 

demonstrating the selectivity of sand filtration in preserving 

dissolved nutrients. 

Table 4. Performance Comparison of Alum and PAC at the Optimal Dosage of 150 ppm. 

Replicate 
Initial TSS 

(ppm) 

Final TSS 

(ppm) 

TSS Removal 

(%) 

Initial TDS 

(ppm) 

Final TDS 

(ppm) 

TDS Removal 

(%) 

1 1,410 279 80.23 7,680 5,670 26.17 

2 1,410 264 81.24 7,680 5,660 26.30 

3 1,410 294 79.14 7,680 5,680 26.04 

Average 1,410 279 80.20 7,680 5,670 26.18 

 

3.4. Mixing Strategy: Digested POME with 

Clarified POME (1: 3 Ratio) 

In addition to chemical coagulation and sand filtration, a 

novel physical mixing strategy was developed to reduce TSS 

levels in bioscrubber feed water. Digested POME (high 

TSS, >1,400 ppm) was mixed with clarified POME sourced 

from the final sedimentation pond of the wastewater treatment 

system, which naturally contains low TSS due to prolonged 

gravity sedimentation (Table 5). The clarified POME typically 

has TSS below 100 ppm after 24–48 hours of sedimentation. 

Table 5. Characteristics of Individual POME Sources and 1: 3 Mixture. 

Parameter Digested POME Clarified POME (Final Pond) 1: 3 Mixture (Digested: Clarified) 

TSS (ppm) 1,410 85 416 

TDS (ppm) 7,680 6,200 6,570 

pH 7.9 7.5 7.6 
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The 1: 3 mixing ratio (one part digested POME to three 

parts clarified POME) was selected based on preliminary op-

timization trials. This ratio successfully reduced TSS from 

1,410 ppm (digested POME) to approximately 416 ppm in the 

mixture, representing a 70.5% reduction without any chemical 

addition. The mixture was then used as feed for the bioscrub-

ber circulation system after optional polishing with PAC 150 

ppm and sand filtration. 

Table 6. Performance of 1: 3 Mixing Strategy for Bioscrubber Operation. 

Parameter Before Mixing After 1: 3 Mixing Improvement (%) 

Feed TSS (ppm) >1,400 <420 >70% 

Nozzle/Sprinkler Clogging Frequent (weekly) None (3 months) 100% elimination 

Packing Media Fouling Severe None Complete prevention 

H2S Outlet Concentration (ppm) 50–80 10 80–87.5% reduction 

 

3.5. Operational Outcomes of the Integrated 

Strategy 

The implementation of the 1: 3 mixing strategy, combined 

with PAC coagulation (150 ppm) and sand filtration, produced 

the following operational improvements at the Biogas Power 

Plant: 

1) Nozzle and Sprinkler Performance: Prior to implemen-

tation, nozzles required cleaning every 5–7 days due to 

TSS-induced clogging. After implementation, nozzl es 

operated continuously for 3 months without any clog-

ging events. 

2) Packing Media Condition: Visual inspection revealed no 

solids accumulation on the bioscrubber packing media, 

maintaining proper gas-liquid contact and preventing 

channeling. 

3) Biological H2S Removal Efficiency: The bioscrubber 

outlet H2S concentration consistently decreased from the 

baseline range of 50–80 ppm to 10 ppm, representing an 

80–87.5% improvement in removal efficiency. This was 

attributed to: 

1) Reduced fouling of microbial biofilm 

2) Maintained nutrient availability (TDS preserved at 6,570 

ppm) 

3) Optimal pH range (7.6) for Thiobacillus activity 

4. Discussion 

The results of this study highlight the critical role of pre-

treatment in maintaining the operational stability of bioscrub-

ber systems treating biogas derived from POME. The high 

TSS content in digested POME represents a major operational 

challenge, as it directly affects both hydraulic performance 

and biological efficiency. The findings confirm that without 

adequate pretreatment, suspended solids can significantly hin-

der mass transfer processes and reduce microbial activity, par-

ticularly in biofilm-based systems [11, 20]. 

4.1. Superior Performance of PAC Compared 

to Alum 

The superior performance of PAC compared to Alum can 

be attributed to its polymeric structure and higher charge den-

sity, which enhance particle destabilization and promote the 

formation of larger and denser flocs [13, 21]. This results in 

improved settling characteristics and higher removal effi-

ciency, especially at higher dosages. These results are con-

sistent with previous studies on POME treatment, which re-

ported that PAC provides more stable performance under var-

ying wastewater conditions [4, 22]. 

 
Figure 1. Comparison of TSS Removal Efficiency between Alum and 

PAC at Various Dosages. 

The decline in Alum performance at 200 ppm (from 82.47% 

to 71.13%) confirms the occurrence of charge reversal, a well-

documented phenomenon in coagulation processes where ex-

cess coagulant causes particle restabilization due to surface 

charge reversal [11, 14]. In contrast, PAC maintained and 
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even improved its performance at 200 ppm (89.36% to 

92.96%), demonstrating its wider optimal dosage range. 

 
Figure 2. Final TSS Concentration as a Function of Coagulant Dos-

age (Dashed line indicates optimal target ≤200 ppm). 

4.2. pH and Electrical Conductivity Trends 

The decreasing pH with increasing coagulant dosage is ex-

pected due to the acidic nature of both coagulants. For Alum 

(Al2(SO4)3·14H2O), hydrolysis releases H⁺ ions, reducing pH 

from 7.9 to 7.0 at 200 ppm. PAC, being pre-hydrolyzed, 

shows a more controlled pH decline from 7.7 to 6.4. The final 

pH values for both coagulants remain within the acceptable 

range for Thiobacillus activity (optimal pH 6.5–8.0), though 

PAC at 200 ppm (pH 6.4) approaches the lower limit [8, 23]. 

Electrical Conductivity (EC) reduction followed similar 

patterns to TDS reduction, with PAC achieving 34.89% EC 

reduction at 200 ppm compared to Alum's 24.09%. The corre-

lation between EC and TDS reduction confirms that both co-

agulants remove dissolved ions alongside suspended solids, 

though to a lesser extent, which is beneficial for preserving 

bacterial nutrients. 

 
Figure 3. Effect of Coagulant Dosage on Water pH (Green zone in-

dicates optimal range for Thiobacillus activity). 

4.3. Selectivity of Sand Filtration 

Another important finding is the selective nature of sand 

filtration, which effectively removes suspended solids (80.20% 

average) while preserving dissolved components (only 26.18% 

TDS reduction). This characteristic is particularly beneficial 

for bioscrubber applications, where dissolved organic and in-

organic compounds serve as essential nutrients for Thiobacil-

lus bacteria [23, 24]. Maintaining this balance is crucial, as 

excessive removal of dissolved substances could negatively 

impact biological oxidation processes. Similar observations 

have been reported in bioscrubber studies, where nutrient 

availability plays a key role in sustaining microbial activity 

and H2S removal efficiency [5, 8, 25].. 

 
Figure 4. Selectivity of Sand Filtration: Comparison of TSS and TDS 

Reduction Across Three Replicates. 

4.4. Novel Mixing Strategy as a Cost-Effective 

Pretreatment 

An innovative finding of this study is the effectiveness of 

blending digested POME with clarified POME from the final 

sedimentation pond at a 1: 3 ratio. This approach offers sev-

eral advantages over chemical coagulation alone: 

Mechanism: The clarified POME from the final pond has 

undergone extensive gravity sedimentation (24–48 hours), al-

lowing larger suspended particles to settle naturally. When 

mixed with digested POME, the relatively clean water dilutes 

the TSS concentration while also providing a more stable col-

loidal environment. Additionally, the residual fine particles in 

clarified POME may act as nucleation sites for flocculation, 

enhancing the settling of suspended solids from the digested 

POME fraction. 

Comparison with Chemical Coagulation: The 1: 3 mixing 

alone achieved 70.5% TSS reduction without any chemical 

addition, compared to 89.36% with PAC 150 ppm. While 

chemical coagulation remains more efficient, the mixing strat-

egy offers: 

1) Zero chemical cost 

2) No sludge generation from coagulant reactions 

3) Immediate implementation without additional equip-

ment 

4) Preservation of dissolved nutrients (TDS reduced only 

14.5% compared to 33% with PAC) 

Synergistic Effect: The combination of 1: 3 mixing fol-

lowed by PAC 150 ppm and sand filtration achieved cumula-

tive TSS reduction exceeding 95%, with final TSS below 50 

ppm. This staged approach minimizes chemical consumption 

by reducing the TSS load entering the coagulation stage, 
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thereby lowering PAC dosage requirements and operational 

costs. 

Operational Impact on Bioscrubber: The most significant 

outcome was the reduction of H2S outlet concentration to 10 

ppm, which is well below the typical safe operating limit for 

gas engines (typically <50 ppm). This improvement is at-

tributed to three factors: 

1) Elimination of Nozzle Clogging: Consistent spray pat-

tern ensures uniform gas-liquid contact across the entire 

packing cross-section, eliminating dry zones where H2S 

breakthrough can occur. 

2) Clean Packing Media: Unobstructed packing surfaces 

maintain high mass transfer coefficients and prevent the 

formation of anaerobic zones that can harbor pathogenic 

bacteria. 

3) Preserved Microbial Activity: The mixing strategy re-

tains dissolved organic and inorganic nutrients essential 

for Thiobacillus metabolism, including nitrogen, phos-

phorus, and trace metals. The pH of 7.6 is optimal for 

sulfide oxidation kinetics [8, 23]. 

These findings align with recent studies on bioscrubber op-

timization, which emphasize that physical pretreatment (sedi-

mentation, dilution) can be as important as biological process 

control in achieving high H2S removal efficiency [26, 27]. 

For full-scale implementation, the proposed pretreatment 

train should be viewed as part of an integrated, multi-barrier 

wastewater management approach [28]. Scale-up of coagula-

tion-filtration systems requires attention to hydraulic loading, 

filter backwashing, and coagulant dosing control [29], while 

long-term operation of PAC dosing must account for sludge 

handling and disposal [30]. Because PAC lowers the pH of the 

treated water, as observed in this study, pH monitoring re-

mains important to keep the circulation water within the range 

suited to sulfur-oxidizing bacteria [31]. Further development 

of filter media design may also enhance selective TSS re-

moval in biogas pretreatment [32]. 

5. Conclusions 

This study demonstrates that coagulation-flocculation and 

sand filtration are effective methods for improving the quality 

of bioscrubber circulation water derived from digested POME 

at the Biogas Power Plant. Among the coagulants evaluated, 

Polyaluminium Chloride (PAC) exhibited superior perfor-

mance compared to Aluminum Sulfate (Alum), achieving a 

maximum TSS removal efficiency of 89.36% at the optimal 

dosage of 150 ppm, with a final TSS concentration of 150 

mg/L. Sand filtration consistently demonstrated high effec-

tiveness in reducing TSS, with an average removal efficiency 

of 80.20%, while only moderately reducing TDS (26.18%). 

Furthermore, a novel mixing strategy combining digested 

POME with clarified POME from the final sedimentation 

pond at a 1: 3 ratio proved highly effective, achieving 70.5% 

TSS reduction without chemical addition. This approach suc-

cessfully eliminated nozzle and sprinkler clogging, prevented 

packing media fouling, and enabled the bioscrubber to achieve 

H2S outlet concentrations as low as 10 ppm. 

Based on these findings, an integrated pretreatment system 

consisting of: 

1) Primary mixing (digested POME: clarified POME = 1: 

3) 

2) Coagulation-flocculation using PAC at 150 ppm (op-

tional) 

3) Sand filtration is recommended to achieve TSS levels 

below 50 ppm while maintaining suitable conditions for 

biological activity within the bioscrubber system. The 

mixing strategy alone may suffice for sites with moder-

ate TSS reduction requirements, offering a zero-chemi-

cal, zero-sludge alternative. 

Abbreviations 

BOD Biochemical Oxygen Demand 

COD Chemical Oxygen Demand 

EC Electrical Conductivity 

H2S Hydrogen Sulfide 

PAC Polyaluminium Chloride 

POME Palm Oil Mill Effluent 

TDS Total Dissolved Solids 

TSS Total Suspended Solids 
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