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Abstract. Composting is the process of organic biological decomposition in aerobic and controlled 

conditions. Many factors can affect the composting process, and almost all are related. Some factors that 

majorly affect the composting process also influence the stage or direction of the process. This paper 

focuses on the technical factors that affect the composting process’ achievement of the thermophilic 

phase, particularly in a closed reactor system. At the same time, this paper will be discussed about the 

benefits and comparison between close reactor system and the conventional pile method. The technical 

factors that are discussed in-depth in this mini review paper are the rotation or turning frequency, aeration 

rates, and the initial moisture of the compost mixture for closed reactor composting system. All three 

factors significantly cause increased thermophilic temperature in the closed reactor. Basically, there are 3 

important phases in the composting process, which are the mesophilic phase, thermophilic phase, and 

maturation phase. In the composting process, it is crucial that the thermophilic temperature is reached. By 

increasing the thermophilic temperature, the number of thermophilic microorganisms also increases, 

causing the rapid degradation of bio-waste 

Keywords: aeration rates, initial moisture, rotation/turning frequency, thermophilic temperature 

Introduction 

The problem of residual waste streams from the industry has worsened. Before 

industrialization, the production and decomposition of organic matter were essentially 

balanced. Composting, in general, is not only important in preventing the accumulation 

of organic waste from harming the environment, but also to recycle nutrients and 

organic matter. A proper composting process effectively destroys pathogens and weed 

seeds because in the process a high temperature (55–65 °C) is achieved through the 

metabolic heat generated by microorganisms in the thermophilic phase (Petric and 

Selambasic, 2008). 

Among the benefits of composting is that plant nutrients are conserved, and harmful 

substances are transformed into non-hazardous substances; thus, producing reusable 

products (Liu, 2000). Composting materials from organic waste can also improve the 

structure of the water-holding capacity of the soil (Mohammad et al., 2012). 

Furthermore, the benefit of composting nowadays is not limited to landfills, but also for 

controlling and preventing environmental pollution. Composting materials are now used 
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to control soil erosion on highways. It also works for cleaning runoff in running water 

and for recovering soil contaminated with heavy metals or toxic organic compounds 

(Bhattarai et al., 2011). 

Compost stability and maturity have an important impact on the application of the 

compost’s final product in land use. The use of immature and unstable compost 

products because of an incomplete biodegradation process can negatively affect 

germination and reduce plant fertility, which causes competing absorption of oxygen 

and toxicity (Zhang et al., 2017). The application of unstable and immature compost 

would fix nitrogen in the soil and limit plant growth because it competes for oxygen in 

the rhizosphere and discharges toxic substances (Bernal et al., 2009). According to 

many researchers, matured compost products from composting at thermophilic 

temperature are eco-friendlier (Bernal et al., 1998; Yang et al., 2013; He et al., 2014). 

Most of the composting system used is conventional technology which is by adapting 

the pile method. The pile method, if not properly maintained, will cause many 

problems, for example the presence of wild animals and require more sophisticated 

operation controls and require large space and a need long time to produce the product. 

Hence, composting using mechanical methods such as closed reactors is easier and able 

to overcome problems resulting from composting rather than using pile methods. The 

goal of the reactor’s mechanical design is to accelerate the composting process through 

optimum maintenance for active microbes during composting and to minimize adverse 

effects on the environment (Bertoldi et al., 1983). Mechanical systems can process large 

amounts of waste without taking up much space, and they offer good control of the 

environmental conditions such as temperature, moisture content, and airflow rate 

(Alkoaik et al., 2018). The mechanical system is usually closed, however there are 

researchers using an open reactor system. However, mechanical closed reactor systems 

have good control which makes it more suitable for composting in large quantities 

(Bhamidimarri and Pandey, 1996; Haug, 1993). In general, pile methods and 

mechanical methods can be distinguished on several criteria such as capital costs, 

operational costs, land requirements, operating controls and so on (Habsah, 2008). 

Table 1 describes the comparison of both pile and closed mechanical methods. From the 

table below, pile composting method are more exposed to the influenced of weather, 

which will at the same time influence the temperature rise of the pile. Adapting 

pile/windrow system also lead to leachate contamination posing a risk of groundwater 

contamination GHG emissions, space limitation and emission of greenhouse gases 

(Rich and Bharti, 2015). Zhu-Barker et al. (2017) mentioned that windrow composting 

system is a source of greenhouse gases (GHG) that contribute to climate change. In their 

study, found that pile compost during the rainy season with cooler temperature resulted 

in oxygen depleted environment that generated the highest CH4 and lowest N2O 

emissions. Chen et al. (2015) also studied the N2O emission during the composting of 

dairy manure by windrow system. They found out pile turning altered the distributions 

of NO3
- and NO2

- in the compost materials and dramatically influenced surface windrow 

N2O emissions. 

The process of composting is a biological one and thus involves various 

microorganisms. These organisms will break down organic matter and organic 

compounds. The identification of microorganisms capable of decomposing certain 

compounds is very useful in the composting process. Organic waste is decomposed 

during the process of fertilization by replacing microbial communities with complex 

and critical substrata such as cellulose, lignin, and hemicellulose (Hiroaki et al., 2006). 
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Composting-related organisms can be classified into two classes, namely mesophyll and 

thermophile. Classification of microorganisms according to the temperature in which 

they live and grow. Temperature plays an important role in the composting process, as it 

affects microbial activity. Hoseini and Abdul Aziz (2013) also indicate temperature as a 

key factor for determining the progress of the composting process; a higher temperature 

(thermophilic conditions) results in a higher decomposition of organic matter (OM). 

Several researchers concluded that using a single-maturity index was insufficient to 

indicate compost maturity and stability (Rashad et al., 2010). However, many other 

researchers used the thermophilic stage of the composting process as a key factor for 

specifying the success of the entire process (Sarkar et al., 2016; Han et al., 2018; 

Koyama et al., 2018; Gou et al., 2017; Awasthi et al., 2017; Hoseini and Abdul Aziz 

2013; Li et al., 2014). Therefore, this paper discusses and reviews the factors that 

significantly impact thermophilic temperature achievement, especially in a closed 

reactor, either lab-scale or pilot-scale. The factors that are discussed include 

rotation/turning frequency, aeration rate, and initial moisture of the compost mixture. 

 
Table 1. Comparison between pile composting and mechanical methods. (Source: Habsah, 

2008) 

Criteria Pile method Closed mechanical reactor  

Capital Cost Low High 

Operational cost Low Low 

Land requirement High 

Low. Can increase if the 

resulting compost needs to be 

matured in a pile method 

Ventilation control Limited. Unless forced aeration is done No limit 

Operation control 
Turning frequency, parameter correction 

(moisture, pH, C/N) 

Airflow rate, dynamic of turning 

process, parameter correction 

(moisture, pH, C/N), recycling 

Sensitivity to weather 

changes 

Sensitive. Need to be covered with plastic 

canvas 

Can operate at any weather. But 

it depends on the material 

Odor control Depending on the organic material used Good 

Problem in operation Easily influenced by uncertain weather 
Potential for short circuit, 

complex mechanical process 

Thermophilic temperature 

Temperature is a substantial measurement that could affect the composting process 

and the microbial activity during composting (Sun et al., 2017; Morales et al., 2016; 

Zhao et al., 2016). At the same time, it is also a function of the process. During the 

aerobic composting process, there are three phases affecting the microbial population. 

The first is the mesophilic phase (ambient temperature up to 45 °C), followed by the 

thermophilic phase (45 °C- > 60 °C) and finally returning to the mesophilic phase 

(45 °C to the surrounding temperature) as shown in Figure 1. Temperature does not 

only affect the metabolic process of microorganisms, but these parameters are also seen 

to affect the density and composition of microbes in the compost mass (Liang et al., 

2003). Because temperature impacts microbiological processes, important responses 

and other elements of the composting process are also affected by temperature changes 

(Epstein, 1997). It was reported that a composting temperature set to 55 °C, enabled the 
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killing off of pathogens and sanitization of compost material (Gea et al., 2005). 

Stentiford (1996) also found that maximum temperatures of 55-65 °C were necessary to 

destroy pathogens, but temperatures within the range of 45-55 °C must be maintained 

for maximum biodegradation in the composting process. Additionally, temperatures 

below 20 °C and more than 60 °C have been shown to reduce microbial activity (Liang 

et al., 2006). However, Wong et al. (2001) agreed that a 60 °C temperature was the most 

ideal condition to produce optimum reproducibility in the composting process. 

In the early mesophilic phase, mesophilic and fungal bacterial populations number 

108 and 106 for each 1 g of wet compost. Meanwhile, the thermophilic and actinomycet 

bacterial population is 104 and the thermophilic fungi population is 103 for every 1 g of 

wet compost. A summary of the bacterial, fungal and actinomycet populations at every 

composting phase is shown in Table 2. 

 

 

Figure 1. Temperature profile and growth of microorganisms in compost heap 

 

 
Table 2. Comparison between pile composting and mechanical methods. (Source: Abu 

Zahrim, 2004) 

Microbe 
Mesophilic 

Early stage < 40 °C 

Thermophilic 

40- > 60 °C 

Thermophilic to 

maturation phase 

Bacteria 

Mesophilic 

Thermophilic 

 

108 

104 

 

106 

109 

 

1011 

107 

Actinomycete 

Thermophilic 

 

104 

 

108 

 

105 

Fungi 

Mesophilic 

Thermophilic 

 

106 

103 

 

103 

107 

 

105 

106 

 

 

The increase in temperature is significant for the activity and growth of mesophilic 

organisms during the initial phase of composting such as lactic acid bacteria, Gram-

negative bacteria, yeast, and fungi (Steger et al., 2005). At the thermophilic stage of the 

composting process, thermophilic organisms dominate the degradation process. The 

bacterial species that dominate the thermophilic phase of the composting process belong 

to the genus Bacillus spp. and Thermus thermophiles (Steger et al., 2005). Siu-Rodas et 

al. (2018), in their study, found that three out of twenty isolated strains showed higher 

enzymatic activity and were identified as Bacillus subtilis; the study composted coffee 

residue at a pile temperature of 57 °C. They also discovered that the isolation of 
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microorganisms from composting piles in the thermophilic stage allowed for the 

identification of three B. subtilis strains, where the enzymatic extracts showed activity 

on CMC and crystal cellulose, confirming the existence of endo- and exocellulases. 

These cellulases could be used in several industries, such as in the preparation of animal 

foods, fruit juice extraction, and clarification and bleaching of recycled paper. The 

differences in microbial community were observed clearly at different composting 

temperatures. The genus Bacillus was dominant at 50 °C to 70 °C, while the genus 

Geobacillus increased with the escalation of temperature and dominated at 70 °C 

(Bhatia et al., 2013; Ivanov et al., 2001). All these bacteria genera play an important 

role in the degradation of complex substrates. 

The mode of composting and the control levels have a great impact on composting 

temperature. The highest degree of temperature control is usually obtained in 

mechanical systems. Large-scale reactors (10–300 l) often comprise a self-heating phase 

(Lashermes et al., 2012). Previously, Petiot and de Guardia (2004) reported small-

volume reactors resulting in a rapid decrease of temperature due to the reactors’ limited 

amounts of organic substrates and heat losses. Meanwhile, the temperature inside the 

full-scale reactor declined slowly and gradually. However, temperature, regardless of 

the method used, is rarely uniform for the entire mass of composting material. The 

center point of the mass of compost material tends to be warmer than the mass of the 

composting material on the cooler outer edge. Ali et al. (2014) revealed that the 

temperature at the inlet zone, middle zone, and outlet zone of the drum varied between 

50 °C to 60 °C, 50 °C to 54 °C, and 30–28 °C (ambient temperature or slightly higher, 

signifying the end of the active thermophilic phase), respectively. The variation in 

temperature range in the three zones inside the reactor is attributed to the microbial 

activity and accessibility of degradable substances. 

Some methods for heating up the pile have been extensively studied to confirm the 

standard operations for composting. Normally there are 2 methods to heating up the 

pile. Artificial heating is one of the methods to increase the composting temperature; 

however, it incurs high cost and energy consumption (Xie et al., 2017). Besides, recent 

studies have revealed that inoculating microorganisms (bacteria and fungi) in the 

composting would be beneficial for the composting to pass the start-up period and 

achieve thermophilic stage even under cold-climate temperature (Gou et al., 2017; 

Sarkar et al., 2010; Awasthi et al., 2014; Awasthi, 2017). 

Elango et al. (2009) investigated the optimal value for reducing the municipal solid 

waste (MSW) composting time in a thermophilic bioreactor in aerobic conditions. In 

their study, the thermophilic temperature reached 65–70 °C within 14 to 21 days of the 

composting process. After 21 days, the temperature declined gradually, reaching 40 °C 

at day 40. They conclude that the use of a thermophilic bioreactor enabled the 

stabilization of the final compost and led to the production of good humus. At the same 

time, they also mentioned that the higher the temperature, the longer the retention time 

in the bioreactor and, in turn, the higher reduction in C/N and volatile solids. 

Bai and Wang (2011) studied the biodegradation of organic matter (OM) during the 

aerobic thermophilic phase of human faecal matter. They used a closed reactor system 

and a thermo-controlled water heater to control the temperature. Under the controlled 

thermophilic temperature of 60 °C and with moisture maintained at 60%, more than 

70% of faecal organic matter was obtained in the two-week composting process. They 

also observed that under thermophilic conditions, ammonification and nitrifications 

were reduced because of a lack of ammonifying and nitrification bacterial activity. On 
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the other hand, thermophilic composting led to more organic nitrogen content being 

retained without loss of phosphorus (P) in the compost products. Thermophilic 

composting treatment could also affect the abundance of tetracycline resistance genes 

(TRGs) especially in the composting of animal manure (including human manures). 

Kang et al. (2017) reported that short thermophilic composting treatment is insufficient 

to remove TRGs in the pig manure composting process. The devoting of inactivation of 

TRGs contain in the animal manure is crucial, because it will be a major source of 

antibiotic pollution in the soil if the animal manure did not undergo proper thermophilic 

composting process prior to used directly to the soil. 

Besides that, increase in thermophilic temperature in the composting process will 

help exploit NH3+ gas recovery and would allow the production of a nitrogen source that 

is free from pathogens and heavy metals (Koyama et al., 2018). During the thermophilic 

stage, aerobic microorganisms degrade the organic nitrogen of the fresh material into 

dissolved nitrogen, which, in turn, degrades to NH4
+ -N; some element of NH4

+-N then 

vaporizes as NH3+ gas. Pagans et al. (2006) also confirmed that NH3+ emission 

increased at a higher temperature. Various environmental conditions, including 

temperature, strongly impact the microbial community and cause additional differences 

in nitrogen dynamics (Wang et al., 2017). Koyama et al. (2018) mentioned in their 

study that ammonia recaptured from aquacultural sludge could potentially be used for 

the cultivation of high-value microalgae and the commercial production of medicines, 

cosmetics, or health supplements. Therefore, in any composting system, the main 

principle that researchers apply is to develop a composting system that is able to 

achieve the thermophilic phase. This is because the thermophiles isolated from the high 

temperature during composting can be further used to develop an inoculum that 

accelerates the degradation process (Sarkar et al., 2016). 

Technical factors affecting thermophilic temperature increase in composting 

process 

A controlled composting process is crucial to achieving a short processing time at 

lower costs, and to obtain products that are free of pathogens and odors (Bertoldi et al., 

1983). Decomposition is a slow process and offers very slight control of the process 

conditions such as moisture, temperature, and air supply (Schulze, 1961). Temperature 

is an important factor in the composting process and depends on the activity of the 

microbes. Besides that, other parameters that affect the composting process is moisture 

and oxygen level. Hence, it is essential to identify factors that can significantly increase 

thermophilic temperature. The subtopics below discuss how rotation/turning frequency, 

feeding ratio, initial moisture content and aeration rate affect the temperature of the 

composting process. 

 

Rotation/turning frequency 

Rotation/turning frequency of compost mass is one of the factors affecting the 

composting rate and quality of compost produced (Tiquia et al., 1997). Rotation or 

turning for composting can also be performed in a closed reactor system. The main 

function of rotation in this type of system is to expose compost materials to fresh air, 

increase oxygen levels, and release heat and gas once the compost products are 

decomposed (Rynk Richard, 2001). Rotation in a closed system can also reduce air 

pollution and facilitate the mixing process of the compost pile (Tiquia and Tam, 1998). 
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There are many advantages for adapting optimum rotation frequency for the closed 

reactor system. The main advantages of rotation operation for closed reactor system are 

to provide ventilation, reduce particle size, ensure that composting materials have the 

highest temperature, renew microbial activity, and provide fresh material for microbial 

colonization, so that the ammonia accumulated in the internal void space of the compost 

is released; thus yielding more uniform compost quality (Diaz et al., 2002; Hackett et 

al., 1999; Thambirajah and Kuthubutheen, 1989; Biddlestone and Gray, 1991; 

Parkinson et al., 2004). The rotation process also may increase the functional free air 

space in the compost (El Kader et al., 2007). Increased free air space can directly 

increase air renewal or the area of the gas/liquid interface. In addition, increasing free 

air space increases both oxygen diffusion and the insulation coefficient. This leads to 

heat production and temperature increase in the compost pile inside the reactor. 

Rotation is a preliminary mechanism for controlling ventilation and temperature in 

composting systems (Tiquia et al., 1997). It is an essential variable in composting and 

provides both homogenization and aeration to the waste mixture. Furthermore, it 

controls the composting mixture temperature, the kinetics of the process, and the end-

product sanitation (Smith et al., 2006). Normally, the compost piled through a turning 

process may experience a reduction in volume by 55% to 72% (Larney et al., 2000). 

This reduction is found in the form of mass elements such as C, K, and Na in the 

compost (Tiquia et al., 2002). Agamuthu (2001) suggests that the turning process should 

be carried out regularly to ensure that the mass of the compost material contains a 

moisture content of more than 70%. 

However, the disadvantage of high frequency of the rotation process is it may affect 

the temperature of the compost pile. Therefore, the rotation process must be controlled 

to ensure that high temperatures are maintained in the compost pile inside the system. 

Ahmad (2001) states that an excessive rotation process could cause the compost mass to 

turn cold and dry up, which will indirectly destroy fungi and actinomycetes. Parkinson 

et al. (2004) also suggest that too much rotation in the composting process would result 

in the loss of nitrogen in the form of ammonia gas to the atmosphere. This may affect 

the quality of the compost products, as it may lack important nutrients such as nitrates 

that are useful for plants. Wan Razali et al. (2012) also mentioned, the fluctuation of 

temperature in the composting process especially in vessel composting cannot be 

avoided because of the sludge addition and mechanical turning effect. 

Kalamdhad and Kazmi (2009) studied the impact of the rotation process in rotary 

drum reactors on the quality and stability of the resulting compost product. In their 

study, the organic waste used was a mixture of cattle stools, wooden ashes, and rotten 

green vegetables. They found that there was a close correlation between the quality of 

the compost produced with the frequency of rotation in terms of the value of nitrogen 

and phosphorus. 

Fewer turning frequency would not yield rapid composting, but might be satisfactory 

for avoiding anaerobic conditions, odors, and maintaining high temperature. A higher 

turning frequency causes lower temperature and higher moisture loss. In study 

conducted by Smars et al. (2001), the rotation was limited to only 10-20 min per day. 

Rodriguez et al. (2012) suggested 12 rotations per hour as necessary for reaching 

optimal conditions to ensure that the composting would reach high thermophilic 

temperatures of up to 70 °C. They also argued that a combination of several optimal 

variables and appropriate reactor designs was essential to ensure that the composting 

process rapidly achieved thermophilic temperatures and obtained quality final products. 
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Table 3 shows the variation of turning frequency for rotary reactor by different 

references. 

 
Table 3. Variation of rotation frequency for closed reactor 

Variation of rotation frequency Reactor Reference 

4 rotations/h every 15 min Hermetic rotary drum Scoton et al. (2016) 

12 rotations/h and 48 rotations/h Rotary drum Rodriguez et al. (2012) 

1 rotation/day for 2 weeks Rotary drum Villasenor et al. (2011) 

1 rotation/day Full scale rotary drum composter Bhatia et al. (2013) 

3 rotations every 6 h/12 h/18 h/24 h Rotary drum composter Kalamdhad and Kazmi (2009) 

1 rotation/day for 2 weeks and 1 or 2 rotations/week Pilot scale closed rotary drum Fernandez et al. (2010) 

2 rotations/day Full scale continuous rotary drum Ali et al. (2014) 

4 rotations/day Rotary drum composter Sharma et al. (2018) 

 

 

Aeration rate 

Oxygen is important for promoting microbial activity in the compost because 

composting is an aerobic process (involves the presence of oxygen). Therefore, aeration 

is required for the production of metabolic heat from aerobic microbes. There are three 

main principles of aeration that can supply oxygen (O2) during the process of 

composting: natural aeration, passive aeration, and active aeration (Epstein, 1997). 

Aeration, moisture content, and temperature are major factors that affect the composting 

process because these parameters are interdependent (Talib et al., 2014). A lack of 

oxygen will result in anaerobic conditions to occur in the compost pile (Polsprasert, 

1986). Failure in adjusting for a good aeration system will cause a slow decomposition 

of organic matter, unpleasant odors, delayed maximum temperature, a low maximum 

temperature, and slow water removal rate (Diaz et al., 2002; Ferrer et al., 2001; Haug, 

1993). Besides, excessive aeration may increase costs and slow down the composting 

process through heat, water, and ammonia losses. Based on a study conducted by Guo et 

al. (2012), the aeration rate is a major factor influencing the stability of the compost. 

Natural aeration occurs when there is diffusion and natural movement of air in the 

compost pile. This type of aeration is cheap, easy, and does not require special 

equipment. Active aeration involves the construction of porous pipes under the compost 

pile to promote the spread of oxygen gas into the compost waste materials. Meanwhile, 

passive aeration is highly reliant on the porosity of the matrix pipe because this method 

uses natural absorption and movement of air inside the pipeline to facilitate the 

spreading of air into the compost pile. However, using an air ventilation system in the 

composting process could interfere with temperature stabilization in the compost pile 

(Barrington et al., 2003). Compared to active aeration, passive aeration modes produce 

better composting rates. This is because the passive aeration process does not produce a 

cooling effect on the stack of compost material and can reduce the effect of nitrogen 

loss to the environment (Habsah, 2008). The lower the aeration rate, the longer the 

thermophilic temperature stage can be maintained in the composting process (Zang et 

al., 2016). Otherwise, Alkoaik et al. (2018) in their study mentioned that for the 

continually rotating drum natural aeriation is suggested by making holes of appropriate 

size on the drum surface. This is because, the pressure difference between inside and 

outside the rotating drum will induced aeriation. 
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Kasinski et al. (2016) also stated that the application of passive aeration at a larger 

scale simultaneously permits the thermophilic temperature to be maintained during 

municipal solid waste composting process and constrains microbial activity in the 

reactor. Passive aeration permits thermophilic temperature levels in larger-scale 

composting processes to be retained, which, in turn, allows that biodegradation has 

occurred and microbial activity has not been repressed. Guo et al. (2012) conducted a 

statistical analysis on the effect of aeration rate, moisture content, and C/N ratio on the 

stability and maturity of compost pig feces and corn stalk. Their results showed that the 

aeration rate had a significant influence on the change in temperature (p = 0.023). 

Meanwhile, Talib et al. (2014) found that excessive aeration rate would increase energy 

conversion, thereby reducing temperature and moisture content. Charles et al. (2009) 

studied the effect of pre-aeration to start up batch thermophilic anaerobic digestion. 

They found that a pre-aeration of 48 h generated sufficient biological heat to increase 

the temperature of bulk municipal solid waste to 60 °C. Ambient temperature and 

aeration rate also affected the composting process. Han et al. (2018) investigated the 

effect of ambient temperature and aeration on thermophilic aerobic composting and 

found that although the ambient temperature increased in the summer, the upgraded 

aeration frequency during that season might have accelerated heat loss. They conclude 

that ambient temperature and aeration frequency influenced the average and highest 

temperatures of the composting materials. On the other hand, different composting 

materials and the type of composting system used in different works of literature 

provide a wide range of aeration rates (Mason, 2007). Table 4 shows the optimum 

aeration rate for different organic waste composting and raw materials. 

 
Table 4. Optimal aeration rates and thermophilic temperature 

Optimum aeration rate Type of waste 

Range of 

thermophilic 

temperature 

Reference 

0.4 L min-1 kg-1 OM 
Extraction of tomatoes, peppers, 

grass, and eggplant 
62–65 °C 

Kulcu and Yaldiz 

(2004) 

0.25 L min-1 kg-1 VS Dairy manure and rice straw  Luo et al. (2008) 

0.6 L min-1 kg-1 for the active 

phase and 0.4 L min-1 kg-1 in 

the maturation phase 

Municipal solid waste 70–73 °C 
Rasapoor et al. 

(2009) 

0.24, 0.48, 0.72 L kg−1 dry 

matter (DM) min−1 
Pig feces and corn stalk  > 50 °C Guo et al. (2012) 

0.1 Lmin-1 m-3 Chicken manure, paddy stalk, grass 73–74 °C Shen et al. (2011) 

0.26 Lmin-1 kg-1 OM EFB rabbit manure 70 °C Talib et al. (2014) 

33.5 L/h/kg of initial waste 

mass 
Municipal waste 70–73 °C 

Kasinski et al. 

(2016) 

42–48 m3 min−1 Municipal sewage sludge 53–80 °C Han et al. (2018) 

 

 

Initial moisture content 

Moisture content in the composting process can affect microbial activity and, in turn, 

affect the temperature and decomposition rate of composting materials. Moisture 

content can also affect the composition of the microbial population (Coppola et al., 
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1983). The optimum moisture content in the composting process is between 50% and 

60% (Liang et al., 2003; Eipstein, 1997; Tiquia et al., 1997; Schulze, 1961; Poincelot, 

1975). For moisture content that is below 40%, microbial activity can be reduced, but if 

moisture content exceeds 60%, anaerobic conditions may occur due to a wedged pore 

space. Excessive moisture will result in the problem of nutrient loss and pathogens 

leaking out in leachate form. This condition may also interfere with airflow and 

temperature in the compost pile. According to Metcalf and Eddy (2003), the optimum 

moisture content of a non-reactor system (pile method) is 60% and 65% for a reactor 

system (mechanical method). 

The change in moisture content in composting varies depending on the composting 

method, the bulking agent, and the raw materials used (Day and Shaw, 2001). The 

initial moisture level of past experiments varied and was dependent on the concentration 

of the compost mixture and material (Villasenor et al., 2011). According to Liang et al. 

(2003), the moisture content process, as well as the temperature to increase microbial 

activity, should be given more priority in the composting process. Another study agreed, 

mentioning that optimum moisture content would accelerate the flow of oxygen, which, 

in turn, increases the activity of microbes, accelerates decomposition, and increases the 

thermophilic temperature and reduce odor (Goldstein, 2002; Liang et al., 2003; Schaub 

and Leonard, 1996). 

Luo et al. (2008) found that increasing the volumetric mixing ratios of the bulking 

agent for sewage sludge in the upper half zone of the compost pile could increase the 

temperature increment rate, achieve uniform temperature distribution, prolong the 

thermophilic temperature stage, and kill most pathogenic organisms in different layers 

of the pile, given that the initial moisture content of the mixture was adjusted to about 

60%. They also suggested that high initial moisture content in the compost mixture for 

co-composting gave very low composting effectiveness because of an absence of the 

thermophilic stage in both the top and middle layers of the pile. Otherwise, excessive 

moisture will inhibit airflow in the system and will not allow the temperature to increase 

(Sarkar et al., 2016). 

Tiquia et al. (1996) found that different moisture levels in the compost pile gave a 

different effect on temperature. At 50% and 60% initial moisture levels, the highest 

temperature achieved was around 64–69 °C. Meanwhile, at 70% moisture content, the 

pile would cool early and the production of microbial activity and biomass decrease, 

whereas the highest temperature achieved was 58 °C. Zang et al. (2016), in their study, 

observed a relationship between initial moisture content and thermophilic temperature 

for which moisture content significantly influenced composting temperature 

(p < 0.001). High initial moisture content may cause limited oxygen transfer and 

diffusion and increased heat capacity of the compost. On the other hand, composting 

temperature can also be affected by feedstock mix ratio, as feedstock ratio may relate to 

the initial moisture content. However, Petric et al. (2009) demonstrated that for 

composting of poultry manure and wheat straw, relatively high initial moisture content 

was better for achieving higher temperatures and retaining them for longer times. A 

wide range of optimum moisture content indicates: i) the complex dynamic nature of the 

composting process, with changes in particle size and structure occurring over time, and 

ii) the necessity for more fundamental and inclusive parameters to understand the 

physical and biological interactions controlling the composting process (Zavala and 

Funamizu, 2005). Table 5 shows the different initial moisture content (%) for different 

type of waste. 
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High moisture content can also lead to increased losses of ammonia, which must be 

controlled with the addition of suitable additives. The findings of Petric et al. (2009) 

suggest that initial moisture content of around 69% can be considered as suitable for the 

efficient composting of poultry manure mixed with wheat straw. Otherwise, Sarkar et 

al. (2016) mentioned that composting would be at its most efficient if the important 

thermophilic phase was reached and only if the moisture content was kept around 60%. 

Ali et al. (2014) determined that the reduction of moisture content in the inlet, middle, 

and outlet zones during composting in a rotary drum reactor caused a higher degree of 

temperature and evaporation losses to the surrounding air. The moisture content tended 

to decrease due to the combination of high-temperature levels and aeration during the 

thermophilic temperature phase (Lashermes et al., 2012; Villasenor et al., 2011). Hence, 

in order to control the optimum moisture content in the composting process, the 

continuous monitoring of the moisture in the compost mixture must be carried out 

regularly. Some studies conclude that the moisture content of the compost mixture in a 

closed reactor and its stabilization at about 50% (± 2%) could lead to increased 

stabilization of temperature at the thermophilic level (Kasinski et al., 2016; Liang et al., 

2003). 

 
Table 5. Initial moisture content for different type of waste 

Initial moisture 

content (%) 
Type of waste Reference 

 < 64 Bio toilet  Zavala and Funamizu (2005) 

60 Pig manure and corn stalks Zang et al. (2016) 

 > 60 Municipal solid waste Elango et al. (2009) 

75 Vegetable waste Ali et al. (2014) 

66 Sewage sludge, branches, grass dipping and leaves Lashermes et al. (2012) 

70-75 Cattle manure and rice straw Hoseini and Aziz (2013) 

 ± 67 Chicken manure and carnation waste Kulcu et al. (2008) 

60 Sawdust and human feces Bai and Wang (2011) 

60 Green waste, sugar beet pulp and paper waste Zhang and Sun (2018) 

75-82 Flower waste, cow dung  Sharma et al. (2018) 

Conclusion 

Optimizing the process of composting is an important step in obtaining an effective 

process and good compost quality. The commonly used method of composting in 

plantations is the pile method. Normally, the pile method, along with the periodic 

turning process, is adopted. As mentioned in many studies, composting using this 

method invites many problems, especially the composting period process, which is too 

long (usually taking more than 80 days for the entire process), the presence of wild 

animals such as snakes, and also its requirement for more sophisticated operational 

controls along with its large space and also the concern of GHG gas emission that can 

lead to the increasing of greenhouse gas emission to the atmosphere. Therefore, 

composting using mechanical methods in a closed reactor is easier and is able to 

overcome the problems resulting from composting using the pile method. However, in a 

closed-reactor composting process, inadequate stabilization of the compost normally 

occurs due to its short residence time in a biologically active system (Singh et al., 2009; 
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Kalamdhad et al., 2008). Due to the absence of extensive reviews of thermophilic 

temperature rise in closed reactors, this paper presents the basic knowledge to a new 

researcher in composting studies to obtain optimum composting process quality. For 

closed reactors, aeration rate, rotation frequency and initial moisture content of compost 

materials play an important role in the effort to achieve optimum temperature of 

composting. On the other hand, Rich and Bharti (2015) also mentioned that, the 

material used of the closed reactor manufacturing which is metal, and a good conductor 

is also as essential to retain the temperature of compost material in the reactor. 

Although the composting method via closed reactors has proven to be technically 

effective, there are many other aspects of the operation that need to be improved, so that 

existing system facilities can implement the method more efficiently. One of the most 

important aspects of using rotary drum reactors is its air diversion system, which 

stimulates the decomposition of microbes in organic waste. The exothermic process 

plays an important role in increasing the composting temperature from ambient to 

thermophilic temperature. For a closed reactor, rotation is one of the methods to supply 

air to organic waste. An optimum rotation process is important to expose fresh organic 

waste to the microbial population and thus freeing the accumulated ammonia in the air 

composite material, while at the same time maintaining the temperature of the compost 

heap in the reactor. 

Vigilant control of the composting process at the microbial level comprises four 

interrelated factors: metabolic heat generation, temperature, aeration, and moisture 

content. A critical element of control is the maintenance of temperature within a 

required range since temperature both imitates prior microbial activity and strongly 

regulates the current rate of activity. This key relationship has previously been proven 

via the assessment of the response of this ecosystem to temperature using physical and 

chemical measurements. From the reviewed literature, it can be concluded that a fewer 

rotation/turning frequency allows the high temperature in the compost material inside 

the reactor to be maintained. Passive aeration is a more favorable condition for 

supplying air in the closed reactor and to retain the thermophilic temperature in the 

compost pile. Finally, the moisture content must be kept around ± 60% to increase 

microbial activity without inhibiting the thermophilic-stage temperature. 
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