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A R T I C L E  I N F O  ABSTRACT 

ORIGINAL  ARTICLE 
 Introduction: Stabilization of municipal wastewater sludge is a critical 

requirement for mitigating environmental and public health risks. This study 

provides a comparative evaluation of mesophilic anaerobic digestion (AD) and 

aerated static pile (ASP) composting for sludge stabilization at Iran’s largest 

municipal wastewater treatment plant, with a focus on process efficiency, 

hygienic quality, and end-product usability. 

Materials and Methods: Laboratory-scale experiments were conducted using 

batch mesophilic anaerobic digestion (35 °C, 24 days) and aerated static pile 

composting. The composting process employed sludge conditioned with bulking 

and amendment agents under controlled aeration, including a 6-day thermophilic 

phase within a 30-day operational period. Process performance was assessed based 

on volatile solids reduction, pathogen inactivation, and biogas production. 

Results: ASP composting demonstrated superior stabilization and 

hygienization performance, achieving more than 50% volatile solids reduction 

and over 3-log fecal coliform reduction, resulting in compost meeting USEPA 

Class A standards. In contrast, anaerobic digestion achieved approximately 

40% volatile solids reduction and produced 5405 mL of biogas, yielding 

biosolids classified as USEPA Class B. 

Conclusion: While mesophilic anaerobic digestion offers the advantage of 

renewable energy recovery, aerated static pile composting provides a more 

hygienically robust pathway for producing stabilized, high-quality compost 

suitable for agricultural applications. The findings highlight that the selection 

of sludge treatment technology should be context-driven, balancing priorities 

between energy generation and the production of sanitized, agriculturally 

valuable biosolids. 
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Introduction 

The management of municipal wastewater 

sludge represents one of the most critical technical 

and economic challenges in achieving sustainable 

wastewater treatment. Inadequate disposal or 

stabilization practices can lead to the uncontrolled 
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release of heavy metals, emerging micropollutants, 

and pathogenic microorganisms, posing significant 

risks to public health and the integrity of natural 

ecosystems 1, 2. Accordingly, the development and 

implementation of effective sludge stabilization 

strategies remain a top priority for environmental 

engineers and public health authorities 3. 

In Iran, the rapid expansion of municipal 

wastewater treatment facilities in recent decades 

has resulted in the continuous production of large 

volumes of sludge. However, limited regulatory 

oversight and insufficient quality monitoring have 

led to the widespread direct discharge of untreated 

sludge into the environment. Recent investigations 

indicate that nearly 80% of the sludge generated by 

municipal wastewater treatment plants (WWTPs) 

nationwide remains inadequately stabilized 4, 

posing serious risks to public health and 

environmental sustainability 5. Although there is no 

accurate information or statistics on the quantity of 

sludge produced in the country's wastewater 

treatment plants, the amount of sludge produced at 

the wastewater treatment plant in southern Tehran 

has been reported to be 1,125 tons per month 6. 

The high organic content and nutrient load of 

sewage sludge render it a potentially valuable 

resource for bioenergy generation, particularly 

biogas production, and for the creation of 

beneficial by-products such as compost 7. Its 

substantial concentrations of carbon, nitrogen, 

phosphorus, and other nutrients support its 

application as a soil amendment to enhance 

fertility and restore degraded soils. Nevertheless, 

the direct use of untreated sludge is associated with 

severe environmental and health hazards due to 

toxic heavy metals, including lead ( > 100 mg/kg) 

and cadmium ( > 20 mg/kg), which threaten soil 

quality, crop safety, and food chain security (EPA, 

2020; WHO, 2006). Consequently, adequate sludge 

treatment and stabilization are universally 

recognized as essential prerequisites for 

environmental discharge or reuse. 

Despite its importance, sludge management 

imposes complex technical and financial 

challenges. Processes such as collection, 

thickening, dewatering, and disposal can account 

for up to 50% of WWTP operational expenditure 8. 

Hence, identifying cost-effective and reliable 

stabilization technologies remains a major 

challenge. Among the available options, anaerobic 

digestion (AD) and aerated static pile (ASP) 

composting have emerged as two of the most 

widely implemented methods for sludge 

stabilization globally 9. 

Anaerobic digestion, with a documented 

operational history extending back to the mid-

nineteenth century, has evolved into a cornerstone 

technology for sludge management 10. Its ability to 

reduce pathogen levels, mineralize organic matter, 

and generate renewable biogas has established AD 

as a preferred practice in many European and 

North American WWTPs 11, 12. However, the high 

investment and operating costs of anaerobic sludge 

digestion facilities, as well as the need to meet 

Class B conditions of USEPA standards for sludge 

produced under mesophilic operating conditions, 

are known to be among the limitations of these 

reactors 13, 14. 

Sludge composting was one of the methods 

proposed and used in response to these limitations 

in the early 20th century 15, 16. This biological 

process oxidizes organic matter, producing a 

stabilized, nutrient-rich product with proven 

agronomic values. In addition to reducing sludge 

volume and pathogen content, composting 

enhances soil structure, water retention, and 

microbial activity 17-19. 

Traditionally, composting has been employed to 

improve the quality of biosolids produced by 

WWTPs, facilitating their reuse as fertilizers or 

soil conditioners 20. However, direct composting of 

raw sludge presents technical challenges owing to 

its high moisture content (often > 90%) and 

excessive organic loading 21. To address these 

constraints, several optimization approaches have 

been explored including the use of bulking agents, 

chemical coagulants, and adjustment of the carbon-

to-nitrogen ratio each enhancing the suitability of 

sludge for composting 22, 23. 

Anaerobic digestion remains the dominant 

sludge stabilization method worldwide, including 

in Iran. However, recent studies suggest that its 
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operational efficiency often falls short of 

expectations. Against this background, the present 

study conducted a comparative evaluation of 

anaerobic digestion and aerobic composting for 

sludge stabilization, focusing on the sludge 

generated at the South Tehran WWTP, the largest 

facility of its kind in the country.  

The plant serves a population of approximately 

3.15 million, with a design capacity of 4.2 million 

upon the full completion of its eight operational 

modules. Operating on a conventional activated 

sludge process, the STWWTP treats an average 

daily flow of approximately 675,000 m³, with the 

treated effluent primarily reused for agricultural 

irrigation in the Varamin and Rey plains. Within 

the sludge management line, primary sludge 

undergoes gravitational thickening, whereas waste-

activated sludge is mechanically thickened. These 

two streams are then homogenized and fed into 

mesophilic anaerobic digesters (operating at 35–

37°C). The biogas produced is utilized in an on-

site cogeneration plant, recognized as one of the 

world's largest biogas-based sludge-to-energy 

facilities, generating approximately 60 GWh of 

electricity and 200 TJ of thermal energy annually. 

Following anaerobic digestion, the sludge is 

dewatered and dried, yielding over 300 tons per 

day of biosolids that are primarily used for 

agricultural and land-rehabilitation purposes. This 

facility, with its integrated energy recovery system, 

provides a highly relevant large-scale context for 

comparing the established anaerobic digestion 

process with the alternative aerated static pile 

composting method for sludge stabilization. Figure 

1 provides an overview of WWTP infrastructure. 

 
Figure 1: Tehran South Wastewater Treatment Plant facilities. 

 

While AD dominates current practice, 

composting represents a compelling, yet under-

evaluated, alternative, especially for producing a 

high-quality, safe soil conditioner, which may be as 

important as energy recovery. Therefore, this study 

aimed to provide a novel comparative evaluation 

of mesophilic AD and ASP composting for 

stabilizing sludge from STWWTP. The core 

objective was to assess and compare the efficiency 

of organic matter stabilization, pathogen 

inactivation, and process operability between the 

two technologies through parallel laboratory-scale 

simulations.  

By integrating rigorous physicochemical and 

microbiological analyses, this study seeks to 

generate evidence-based insights that can inform 

sustainable and context-specific sludge 

management strategies in Iran and similar settings. 

Materials and Methods 

Sludge Sampling and Characterization 

The sludge feedstock for both anaerobic 

digestion (AD) and composting experiments was 

derived from the main sludge stream of the Tehran 

South WWTP. In the plant process line, primary 

sludge (after gravitational thickening) and 

secondary waste activated sludge (after chemical 
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conditioning and dewatering) are combined in a 

homogenization tank before being fed to the 

mesophilic anaerobic digesters. Representative 

sludge samples were collected from the 

homogenized mixture prior to its entry into the 

digesters. Samples were immediately transferred to 

plastic containers, preserved at 4 °C, and 

transported to the laboratory within two hours of 

collection. The physicochemical properties, 

including pH, soluble chemical oxygen demand 

(sCOD), total solids (TS), volatile solids (VS), and 

total volatile fatty acids (TVFA), were analyzed in 

triplicate according to the Standard Methods for 

the Examination of Water and Wastewater 24, with 

results expressed as mean ± standard deviation. 

Anaerobic Sludge Digestion Reactor 

Anaerobic digestion was simulated using 500-

mL glass serum reactors equipped with gas outlets. 

Each reactor contained a mixture of primary and 

secondary sludge inoculated with digested sludge 

at 10% (v/v). The reactors were operated in batch 

mode under mesophilic conditions (35 °C) for 24 

days. Table 1 summarizes the loading condition. 

The temperature and agitation were controlled 

using a thermostatic water bath with a magnetic 

stirrer. The daily biogas production was measured 

using water displacement in a graduated cylinder. 

Figure 2 shows the experimental setup used in this 

study. 

 

Table 1: Organic loading conditions in the anaerobic sludge digesters 

Components Volume (mL) 

Mixture of primary and secondary sludge 360 

Anaerobic digested sludge (inoculum) 40 

Working volume 400 

Total reactor volume 500 

 

 
Figure 2: Laboratory-scale anaerobic digestion reactor. 

 

Throughout the 24-day period, the reactor 

performance was assessed on days 1, 5, 9, 13, 19, 

and 24 by monitoring sCOD, total suspended 

solids (TSS), VS, TVFA, and alkalinity 25. Volatile 

fatty acids and alkalinity key indicators of process 

stabilitywere determined using the Nordmann 

titration method 26. 

Composting Reactor: Aerated Static Pile 

System 

In the composting phase, dewatered and 

chemically conditioned primary and secondary 

sludges served as the base feedstock. Preparation 

involved: 

1. Moisture reduction: Solid concentration 

increased from 2–3% to ~15% using lime and 

ferric chloride coagulants, optimized via jar 

testing. 

2. Porosity enhancement: Addition of wood 
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chips (1–2.5 cm) as bulking agents. 

3. C/N adjustment: Achieved in the range of 

20–30 by adding sawdust 27. 

4. Microbial augmentation: Incorporation of 

recycled wood chips containing biofilms from 

mature compost 28. 

5. Reactor loading: The prepared mixture was 

placed in aerated static pile (ASP) reactors (Figure 

3) 29. 

 
Figure 3: Loading stages of the aerated static pile composting reactor. 

 

The laboratory-scale composting setup 

comprised a vacuum pump, perforated 

polyethylene aeration pipes, drainage siphons, and 

a support plate. The reactor structure consisted 

(from bottom to top) of polyethylene plates, a base 

compost layer, aeration and drainage pipes, wood 

shavings to prevent clogging, the initial compost 

mix, a coarse compost cover for insulation, a 

vacuum pump for negative-pressure aeration, a 

drainage siphon for leachate collection, and a 

mature compost biofilter for exhaust purification. 

Aeration was achieved by drawing air through 

the compost matrix using a vacuum pump, 

ensuring adequate oxygen transfer. Exhaust air 

containing dust and bioaerosols passed through the 

leachate siphon and compost biofilter before being 

released into the environment. The aeration rate 

was maintained between 0.6 and 1.8 m³ t⁻¹ DM 

day⁻¹, while the oxygen concentration at the pile 

surface was measured daily and adjusted according 

to temperature variations as indicators of microbial 

activity. A minimum oxygen concentration of 5% 

was maintained throughout the experiment. 

The total active composting period was 

maintained for 30 d, followed by unloading and 

transfer of the compost to a curing container for an 

additional 30-day maturation period. During 

curing, the material was manually turned to avoid 

agglomeration. Parameters including temperature, 

moisture content, pH, TS, and VS were monitored 

periodically during both the active and curing 

phases. Figure 4 presents a schematic of the ASP 

composting system. 

 
Figure 4: Schematic of the aerated static pile sludge composting reactor during the thermophilic phase. 
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Results 

Characterization of Raw Sludge from the 

South Tehran WWTP 

The physicochemical properties of the primary 

and secondary sludges used in this study are 

presented in Table 2. The pH values were near 

neutral for both sludges. Secondary sludge 

exhibited a significantly higher total solids (TS) 

content (7.2 ± 0.4%) than primary sludge (2.5 ± 

0.2%), indicating a greater concentration through 

the activated sludge process. The volatile solids-to-

total solids (VS/TS) ratios were 83.78 ± 1.2% and 

76.34 ± 1.5% for secondary and primary sludge, 

respectively, confirming their high organic content. 

Secondary sludge also showed higher 

concentrations of total volatile fatty acids (TVFA: 

1220 ± 45 mg/L) and alkalinity (670 ± 25 mg/L as 

CaCO₃) than primary sludge (TVFA: 870 ± 35 

mg/L; alkalinity: 469 ± 20 mg/L), reflecting its 

more advanced biological activity and buffering 

capacity. 

 

Table 2: Qualitative characteristics of primary and secondary sludge from the South Wastewater Treatment Plant 

Parameter Primary sludge Secondary sludge 

pH 6.14 ± 0.15 7.25 ± 0.12 

Total solids (TS, %) 2.5 ± 0.2 7.2 ± 0.4 

VS/TS ratio (%) 76.34 ± 1.5 83.78 ± 1.2 

Total volatile fatty acids (TVFA, mg/L) 870 ± 35 1220 ± 45 

Alkalinity (mg/L as CaCO₃) 469 ± 20 670 ± 25 

 

Performance of Anaerobic Digestion (AD) 

Biogas Production 

Biogas production was initiated on day 3, 

accelerated by day 7, and peaked between days 8 

and 9, with a maximum daily yield of 350 ± 18 mL 

(Figure 5). The cumulative biogas production 

reached 5405 ± 210 mL over the 24-day period 

(Figure 6). 

 
Figure 5: Daily biogas production during anaerobic digestion of wastewater sludg. 

50

100

150

200

250

300

350

400

0 5 10 15 20 25

D
a
il

y
 p

ro
d

u
ct

io
n

 o
f 

b
io

g
a
s 

(m
l)

Time (Day)

 [
 D

O
I:

 1
0.

18
50

2/
je

hs
d.

v1
0i

4.
20

65
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
hs

d.
ss

u.
ac

.ir
 o

n 
20

26
-0

1-
28

 ]
 

                             6 / 16

http://dx.doi.org/10.18502/jehsd.v10i4.20657
https://jehsd.ssu.ac.ir/article-1-1062-en.html


 Kowsari MH, et al.                       Mesophilic AD vs. ASPComposting for Sludge Stabilization 

CC BY 4.0           JEHSD, Vol (10), Issue (4), December 2025, 2843-58 

Je
h
sd

.s
su

.a
c.
ir

 

2849 

J
eh

sd
.s

su
.a

c.
ir

 

 
Figure 6: Cumulative biogas production during anaerobic digestion of wastewater sludge. 

 

Process Stability and Organic Matter Removal 

The soluble chemical oxygen demand (sCOD) 

profile (Figure 7) showed an initial increase due to 

hydrolysis, peaking at 2850 ± 120 mg/L on day 5, 

and then declining to a final concentration of 1110 

± 65 mg/L by day 24, indicating effective substrate 

utilization. The VS/TS ratio decreased from an 

initial 80.1 ± 1.8% in the feed to 48.2 ± 2.1% in the 

digestate, corresponding to a volatile solids 

reduction (VSR) of 39.8 ± 1.5. The process pH 

remained stable between 7.6 and 8.2 (Figure 8). 

TVFA concentrations peaked at 1450 ± 60 mg/L on 

day 5 and subsequently declined (Figure 9), 

indicating a balanced conversion of acids to 

methane and confirming stable methanogenic 

activity. 

 
Figure 7: Temporal variations in soluble chemical oxygen demand (sCOD) during anaerobic digestion. 
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Figure 8: pH variations during the anaerobic digestion of wastewater sludge. 

 

 
Figure 9: Temporal variations in total volatile fatty acids (TVFA) during anaerobic digestion. 

 

Pretreatment and Composting Feedstock 

Preparation 

Chemical conditioning with ferric chloride 

(8.1% of dry solids) and lime (17.3% of dry solids) 

significantly improved dewaterability, increasing 

the total solids (TS) content of the sludge mixture 

from 6.7 ± 0.3% to 17.9 ± 0.6% (Table 3). The 

optimized compost feedstock consisted of 

dewatered sludge (55% dry weight), wood chips 

(35% dry weight) and sawdust (15% dry weight) 

The mixture had a bulk density of 584 ± 22 kg/m³, 

pH of 8.9 ± 0.2, TS of 37.93 ± 1.5%, VS of 78.5 ± 

2.1%, C/N ratio of 28.47 ± 1.3, and an initial fecal 

coliform concentration of (4.3 ± 0.4) × 10⁵ MPN/g 

dry solids (Tables 4 & 5). 

 

Table 3: Characteristics of sludge mixture before and after conditioning and dewatering 

Parameter Value 

TS of sludge mixture before anaerobic digestion (%) 6.7 ± 0.3 

TS of conditioned and dewatered sludge before composting (%) 17.9 ± 0.6 

Ferric chloride dosage (% of dry solids) 8.1 

Lime dosage (% of dry solids) 17.3 

 

Chemical conditioning with ferric chloride 

(8.1% of dry solids) and lime (17.3% of dry solids) 

significantly improved dewaterability, increasing 

the total solids (TS) content of the sludge mixture 
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from 6.7 ± 0.3% to 17.9 ± 0.6% (Table 3). The 

optimized compost feedstock consisted of 

dewatered sludge (55% dry weight), wood chips 

(35% dry weight) and sawdust (15% dry weight) 

The mixture had a bulk density of 584 ± 22 kg/m³, 

pH of 8.9 ± 0.2, TS of 37.93 ± 1.5%, VS of 78.5 ± 

2.1%, C/N ratio of 28.47 ± 1.3, and an initial fecal 

coliform concentration of (4.3 ± 0.4) × 10⁵ MPN/g 

dry solids (Tables 4 & 5). 

Performance of Aerated Static Pile (ASP) 

Composting 

Temperature and Process Progression 

The composting temperature followed a typical 

pattern, reaching the thermophilic phase ( > 55°C) 

within 48 h and maintaining temperatures above 

55°C for six consecutive days, with a peak of 65.2 

± 2.1°C (Figure 10). This sustained thermophilic 

period is critical for the inactivation of pathogens. 

 
Figure 10: Temperature profile during the rapid phase of sludge composting in a statically aerated pile reactor. 

 

Physicochemical Evolution 

The pH decreased from an initial 8.9 ± 0.2 to 7.8 

± 0.15 during the first week due to acid formation, 

then stabilized around neutral values by day 14, 

reaching 7.0 ± 0.1 by day 30 (Figure 11). During 

the 30-day composting period, the moisture 

content of the pile steadily declined owing to 

microbial activity and the heat generated within the 

system. To ensure optimal conditions for 

biological decomposition, the internal moisture 

level was regularly adjusted to 60% by adding 

water throughout the process. 

 
Figure 11: pH variations during the rapid phase of sludge composting in a statically aerated pile reactor. 

 

Compost Stabilization and Quality 

The optimized compost mixture comprised 

dewatered sludge (55%), wood chips (35%), and 

sawdust (15%) on a dry-weight basis (Table 4). 

This composition achieved a suitable texture, 

porosity, and nutrient balance, promoting aeration 

and microbial activity. The physicochemical and 

microbiological characteristics of the initial 

composting mixture are summarized in Table 5, 

showing a bulk density of 584 kg/m³, pH of 8.9, 

10

20

30

40

50

60

70

0 5 10 15 20 25 30 35

T
em

p
er

a
tu

re
 (

˚C
)

Time (Day)

6

7

8

9

10

0 5 10 15 20 25 30 35

p
H

Time (Day)

 [
 D

O
I:

 1
0.

18
50

2/
je

hs
d.

v1
0i

4.
20

65
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
hs

d.
ss

u.
ac

.ir
 o

n 
20

26
-0

1-
28

 ]
 

                             9 / 16

http://dx.doi.org/10.18502/jehsd.v10i4.20657
https://jehsd.ssu.ac.ir/article-1-1062-en.html


 Mesophilic AD vs. ASPComposting for Sludge Stabilization Kowsari MH, et al. 

JEHSD, Vol (10), Issue (4), December 2025, 2843-58  CC BY 4.0 

J
eh

sd
.ssu

.a
c.ir 

2852 

total solids of 37.93%, volatile solids of 78.5%, 

and C/N ratio of 28.47. The initial fecal coliform 

concentration (4.3 × 10⁵ MPN/g dry solids) 

indicated the necessity of thermal sanitization 

during composting. 

 

Table 4: Optimized proportions and characteristics of sludge compost mixture 

Material 
Optimal dry weight 

fraction (%) 

Dry solids 

content (%) 

Density 

(g/cm³) 

Volatile 

solids (%) 

Dewatered sludge 55 20 1.02 75 

Wood chips 35 80 0.22 78 

Sawdust 15 90 0.35 86 

 

Table 5: Physicochemical and microbiological properties of the initial sludge compost mixture 

Parameter Unit Value 

Bulk density kg/m³ 584 

pH – 8.9 

Total solids (TS) % 37.93 

Volatile solids (VS) % 78.5 

C/N ratio – 28.47 

Fecal coliforms MPN/g dry solids 4.3 × 10⁵ 

 

Table 4: Physical and microbiological properties of compost product at different composting stages 

Parameter After rapid phase After curing phase 

Bulk density (kg/m³) 570 ± 15 480.33 ± 12 

pH 6.9 ± 0.1 7.23 ± 0.08 

Dry solids (%) 60.1 ± 1.5 69.3 ± 1.8 

Volatile solids (% of TS) 44.2 ± 1.2 37.1 ± 1.0 

Fecal coliforms (log MPN/g dry solids) 2.36 ± 0.12 < 1.0 (BDL*) 

*BDL: Below Detection Limit. 

 

As presented in Table 4, the compost showed 

clear signs of its stabilization and maturation. The 

bulk density decreased from 570 ± 15 kg/m³ after 

the rapid phase to 480.33 ± 12 kg/m³ after curing. 

The dry solid content increased from 60.1 ± 1.5% 

to 69.3 ± 1.8%, whereas the volatile solid (VS) 

content decreased from 44.2 ± 1.2% to 37.1 ± 

1.0% of TS, indicating significant organic matter 

mineralization (Figures 12 & 13). 

 

 
Figure 12: Average weight percentage of dry solids. 
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Figure 13: Average weight percentage of organic solids to dry solids (VS/TS). 

 

Fecal coliform counts were reduced from log 

3.14 ± 0.15 MPN/g to log 2.36 ± 0.12 MPN/g after 

the rapid phase, and further to below the detection 

limit ( < 1.0 log MPN/g) after the 30-day curing 

period (Figure 14), representing a reduction of 

more than 3-log units. This reduction meets the 

pathogen inactivation requirement for USEPA 

Class A biosolids (fecal coliforms < 1000 MPN/g 

or < 3 log MPN/g) and aligns with the hygienic 

safety criteria outlined in international compost 

quality guidelines (e.g., WHO and European 

standards). While this study confirms hygienic 

safety and organic matter stabilization, a complete 

agronomic evaluation, including an analysis of 

primary nutrients (N-P-K), micropollutants, and 

potential contaminants such as heavy metals, was 

beyond its scope. Such comprehensive 

characterization is recommended for future studies 

to fully validate the quality and safety of compost 

for specific agricultural applications. 

Pathogen Inactivation and Comparison with 

Standards 

 

 
Figure 14: Reduction in fecal coliform counts during different stages of sludge composting. 
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from the South Tehran WWTP 

The physicochemical characteristics of the 

primary and secondary sludges (Table 2) provided 

a crucial baseline for the comparative stabilization 

study. The near-neutral pH and higher TS, VS/TS 

ratio, and alkalinity in the secondary sludge are 

consistent with its origin from the activated sludge 

process, where microbial biomass accumulates and 

consumes volatile fatty acids (VFAs), generating 

bicarbonate and increasing the buffering capacity 
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30, 31. The elevated TVFA levels in primary sludge 

(870 mg/L), compared to secondary sludge, align 

with its composition, which is rich in readily 

hydrolyzable organic substrates such as 

carbohydrates and proteins 32-34. This distinction is 

significant, as the higher biodegradability potential 

of primary sludge, indicated by its TVFA content, 

likely contributed to the rapid initial biogas 

production observed in the AD reactors. 

Performance Evaluation of Anaerobic 

Digestion 

The biogas production profile observed in this 

study (Figures 5 and 6) followed a classic trend for 

batch mesophilic digestion. The lag phase, peak 

production around days 8-9, and subsequent 

decline correspond to the sequential establishment 

of hydrolytic, acidogenic, and methanogenic 

microbial communities, culminating in the 

depletion of readily degradable substrates 35, 36. The 

cumulative yield of 5405 mL and 40% volatile 

solids reduction (VSR) are within the typical range 

reported for sludge digestion under similar 

conditions 37, 38. The stability of the process was 

confirmed by the pH profile (Figure 8), which 

remained within the optimal range for 

methanogens (7.6-8.2), and the TVFA dynamics 

(Figure 9). The transient peak and subsequent 

decline in TVFAs, alongside stable alkalinity, 

indicate a well-balanced system in which acid 

production is efficiently coupled to methane 

generation, preventing inhibitory acidification 39, 40. 

The continuous decrease in sCOD (Figure 7) 

further corroborates the effective removal and 

conversion of organic carbon. 

Optimization and Performance of Aerated 

Static Pile Composting 

Successful composting of high-moisture sludge 

requires effective pretreatment. Chemical 

conditioning with FeCl₃ and lime increased the 

feed TS to ~18% (Table 3), which, combined with 

bulking agents (wood chips and sawdust), created a 

matrix with a suitable structure, porosity, and C/N 

ratio (Tables 4 and 5) 41, 42. This preparation was 

critical for enabling effective aeration of the 

mixture.  

The operational data demonstrated a robust 

composting process. The temperature profile 

(Figure 10) shows a rapid ascent to and sustained 

thermophilic conditions (>55°C for six consecutive 

days), which is the key driver for pathogen 

inactivation and rapid decomposition of organic 

matter 29. The observed pH evolution (Figure 11) 

initial drop due to acidogenesis followed by a rise 

during the thermophilic and curing phases is 

characteristic of successful composting, reflecting 

the consumption of VFAs and the mineralization of 

nitrogenous compounds 43. The concomitant 

increase in dry solids (Figure 12) was a direct 

result of microbial heat generation and controlled 

aeration. 

Most importantly, the ASP process achieved a 

>3-log reduction in fecal coliforms, reducing their 

counts to below the detection limit after curing 

(Figure 14, Table 4). This performance meets the 

stringent requirements for USEPA Class A 

biosolids 44. Concurrently, the VS content 

decreased from 78.5% in the feedstock to 37.1% in 

the cured compost (Figure 13, Table 4), indicating 

a high degree of organic matter stabilization and 

humification. The near-neutral pH, reduced bulk 

density, and low moisture content of the final 

product are indicators of compost maturity and 

suitability for soil application 45, 46. It is 

acknowledged that a full agronomic profile, 

including NPK content and heavy metal 

concentrations, is necessary to complete the quality 

assessment for specific end uses, and this is 

recommended for future work. 

Comparative Analysis of AD and ASP 

Composting Efficiency 

A direct comparison of the results of this study 

revealed distinct and complementary profiles for 

AD and ASP composting, each excelling in 

different aspects of sludge stabilization. 

* Organic Stabilization vs. Energy 

Recovery: The core function of AD is the 

conversion of organic matter into biogas. Our 

results showed that a 40% VSR was achieved and 

5405 mL of biogas was produced, effectively 

recovering energy from the sludge. In contrast, 
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ASP composting is an oxidative process that 

focuses on organic matter stabilization and 

humification. It achieved a superior > 50% 

reduction in VS content (from 78.5% to 37.1%), 

producing a stabilized organic soil amendment but 

yielding no direct energy recovery. 

* Hygienic Safety (Pathogen 

Inactivation): This study highlights a critical 

operational difference. The ASP process, with its 

sustained thermophilic phase, reduced fecal 

coliforms by over 3-log units, producing a 

sanitized product that met USEPA Class A 

standards. The mesophilic AD process, operating at 

35°C, achieved only partial pathogen reduction, 

resulting in a digestate that would typically be 

classified as Class B biosolids, restricting its use to 

non-food crop agriculture or land reclamation 44. 

This is a decisive advantage for ASP composting 

when public health protection and agricultural 

versatility are the priorities. 

* Process Stability and Product: AD requires 

careful monitoring of parameters such as pH, 

TVFA, and alkalinity (Figures 8 and 9) to maintain 

the delicate balance between microbial consortia. 

ASP composting requires moisture and aeration 

management, it demonstrated robust inherent 

stability through its self-heating nature and 

produced a physically stable, humus-like compost. 

* Economic and Contextual Implications: The 

findings align with the established techno-

economic understanding of these technologies 47-50. 

AD, with its energy output, offers better economic 

returns for large, centralized facilities such as the 

South Tehran WWTP, where capital investment 

can be justified and energy has market value. ASP 

composting, with its lower capital and operational 

complexity, presents a highly viable alternative for 

smaller plants, decentralized operations, or regions 

where the demand for high-quality, safe organic 

compost outweighs the need for on-site energy 

production. 

In conclusion, this comparative evaluation 

demonstrates that the choice between mesophilic 

AD and ASP composting is not a matter of which 

technology is universally superior but rather which 

is more appropriate for a given context. AD is the 

optimal pathway when renewable energy recovery 

is the primary objective of a large-scale operation. 

ASP composting is the preferred technology when 

the goal is to produce a hygienically safe, Class A, 

soil-enhancing product with lower infrastructure 

demands, making it particularly suitable for 

enhancing sustainability in resource-conscious 

environments. 

The Aerated Static Pile (ASP) composting 

method achieved significant pathogen reduction, 

yielding mature, nutrient-rich compost suitable for 

safe agricultural applications. Economically, ASP 

composting is more advantageous for small-scale 

plants because of lower capital investment, 

whereas anaerobic digestion remains preferable for 

large-scale wastewater treatment facilities 51, 52. 

Conclusion 

This study provides a technical comparative 

evaluation of two primary sludge-stabilization 

methods. Mesophilic anaerobic digestion proved to 

be an efficient solution for energy recovery, 

yielding 5405 mL of biogas and achieving a 40% 

reduction in volatile solids (VS). However, the 

final digestate was classified as a Class B biosolid 

in terms of hygienic safety. In contrast, aerated 

static pile composting produced a stable, pathogen-

free organic amendment that met Class A 

standards, as demonstrated by a greater than 3-log 

reduction in fecal coliforms and an over 50% 

reduction in volatile solids. The choice between 

these two technologies depends on local 

operational priorities: whether to pursue large-scale 

energy recovery or produce a high-quality, safe soil 

conditioner with lower capital costs. The findings 

suggest that aerated static pile composting is an 

effective and sustainable alternative, particularly 

for smaller facilities or regions with a high demand 

for organic fertilizers. We recommend that future 

studies investigate the physicochemical properties 

of compost (e.g., nutrient content N-P-K) and 

analyze metal/micropollutants. 
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