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ABSTRACT 

 

 Sweet corn wastes (i.e. corn cobs, corn husks, and corn seeds) are an appropriate substrate for 

anaerobic digestion to produce gaseous biofuels such as biogas. In this study, the pilot-scale dry anaerobic 

digestion was performed in batch mode. Corn cobs, corn husks and corn seeds were chopped with an 

agricultural cutting machine to approximately 5–10 mm length and pre-acidified at ambient temperature for 

72 h. The proportion of corn cobs, corn husks and corn seeds were 54:44:2 by weight. Ratio of substrate and 

inoculum (S/I) was 1:6 (w/v) with an initial total solid content of 20%. The reactor was operated at ambient 

temperature. The results showed that the removal efficiency of COD, TS and VS were 83.33%, 61.58% and 

62.77%, respectively. pH ranged between 6.78 and 7.24 and the temperature was between 24.3 and 44.3˚C 

which indicates mesophilic condition. The accumulated and daily biogas production were 3,327.38 and 419.66 

liters, respectively. The accumulated and daily methane production were 1,672.88 and 228.72 liters, 

respectively. In addition, the average biogas and methane yield were 0.59 and 0.30 L/g VSadded, respectively. 

The biogas compositions at the optimal condition were 56.8% methane (CH4), 43.1% carbon dioxide (CO2), 

0.1% oxygen (O2) and 78 ppm hydrogen sulphide (H2S). The information obtained from this study could 

effectively use as a guideline for operating a dry anaerobic digester of sweet corn wastes. 
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INTRODUCTION 

 Sweet corn waste (SCW), an organic fraction from corn processing factory, are one of appropriate 

substrates for gaseous biofuels (i.e. biogas) production via anaerobic digestion (AD) (Polprasert, 2007).  AD 

is a complex and multi-stage biochemical process to produce energy-rich biogas in absence of oxygen. The 

produce biogas could be further served as an environment-friendly biofuel to produce heat and electricity. 

Moreover, excess sludge withdrawn from an anaerobic digester can be used as an organic fertilizer and soil 

condiment with inactivated pathogen (Bolzonella and et al, 2005). Typically, AD can be categorized to three 

main groups based on input total solid (TS) (i.e. wet AD with less than 10% TS, semi-dry AD with 10–20% 

TS, and dry AD with more than 20% TS) (Sopee and Nutthanicha. 2017). Among these processes, dry AD is 

appropriate technology for SCW, which typically has TS content between 20 and 40%.  This technology 

requires small digester, less dilution water, and low operating and maintenance cost (Sopee and Nutthanicha. 

2017). Moreover, co-digestion between SCW, a carbon-rich substrate, and a high nutrient substrate such as 

animal manures can enhance biogas yield (Chen and et al, 2015). 

 The objective of this research is to study the performance of pilot-scale dry anaerobic digestion to 

reflect the real business scale. 

 

METHODOLOGY 

 

1. Dry anaerobic digester 

 The digester used in this study consists of three main parts namely the main reactor, the sludge 

recirculation system, and the biogas storage tank as presented in figure 1. The main reactor was made of 

fiberglass with the effective volume of 600 L which can handle the SCW up to 200 kg. 
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 (1) Inlet port  (2) Outlet port  (3) Motor  (4) Spray  

 (5) Mixer  (6) Pump  (7) Gas outlet  (8) Effluent sampling port 

 (9) Biogas storage tank (10) Biogas sampling port 

 

Figure 1 Schematic of dry anaerobic digester  

 

 The excess sludge was recirculated using a centrifugal pump from the bottom to spray on the top of 

the reactor for maintaining effective microorganisms. The 250-liter biogas storage tank was made of high-

density polyethylene. The water replacement method was used for quantifying the produced biogas volume.  

 

2. Experimental procedure  

 The digester contents were stirred for 15 minutes every 3 hours between 6.00 am to 6.00 pm by a 

motor to ensure the homogeneity of the reactor contents and to prevent organic acids accumulation in the 

digester which may result the reactor failure. The sludge recirculation was performed using the centrifugal 

pump operated at 60 rpm. The substrates used in this study were the mixture of corn cobs, corn husks and corn 

seeds at the ratio of 54:44:2 by weight. The inoculum was the mixture of anaerobic sludge and pig manure at 

the ratio of 1:2 (v/v). The ratio of substrate and inoculum (S/I) was 1:6 (w/v) to shorten the start-up period. 

The initial TS of the feedstock was 20%, and hydraulic retention time (HRT) was 30 days (Fdez and et al, 

2012). The operating parameters (i.e. pH, COD, TS, VS, VFA and ALK) were measured at the beginning and 

during the experiment. The produced biogas was measured by water replacement method and the biogas 

composition was analyzed using portable gas check (Geotech, Biogas 5000). The experiment was performed 

for 30 days. 

 

2.1 Substrate 

 The SCW (i.e. corn cobs, corn husks and corm seeds) was collected from Sun Sweet Co., Ltd, Chiang 

Mai Thailand (98°50’53.4’’ E). The biomass was chopped with an agricultural cutting machine to 

approximately 5 -10 mm length. After that it was pre-acidified at ambient temperature for 72 h to enhance 

hydrolysis and acidogenesis of AD (Sopee and Nutthanicha. 2017; Chen and et al, 2015). The liquid and solid 

portions from the pretreatment was analyzed for pH, total solids (TS), volatile solids (VS) and Carbon to 

Nitrogen (C/N) ratio. 
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                   (A) Corn cobs                              (B) Corn husks                                 (C) Corn seeds 

 

Figure 2 The sweet corn waste (corn cobs, corn husk and corn seeds) before and after pre-acidify.  

 

2.2 Inoculum  

 The anaerobic sludge withdrawn from the anaerobic filter digester fed with wastewater from Sun 

Sweet Public Co., Ltd, Chiang Mai Thailand (98°50’53.4’’ E) and the sludge from the anaerobic digester of 

pig manure from the small-scale pig farm was mixed at the ration of 1:2 by volume (Wong, 1990; Wanqin and 

et al, 2014) and used as the inoculum in this study as shown in figure 3. The inoculum was filtered through a 

1 mm mesh to screen out the inert material. The prepared inoculum was then stored in an anaerobic condition 

until gas production was not detected to remove the organic compounds. Then pH, moisture content, TS, VS, 

volatile fatty acid (VFA) and alkalinity (ALK) were analyzed prior to the experiments for characterizing the 

inoculum.  
 

 
  (A) Anaerobic sludge                          (B) Pig manure 

 

Figure 3 Inoculum 

 

3. Analytical methods 

 Daily biogas production was quantified using water replacement method. The biogas composition was 

analyzed using portable gas check (Geotech, Biogas 5000). The operating parameters were analyzed following 

the standard methods: pH (APHA 4500), COD (APHA 5220), TS (APHA 2540), VS (APHA 2540), VFA 

(APHA 2310) and ALK (APHA 2310). All parameter analysis was triplicated to ensure the precision.  

 

RESULTS AND DISCUSSIONS  

 

1. Characteristics of the substrate and inoculum  

 

1.1 Substrate 

 The characteristic of corn cobs, corn husks and corn seeds are shown in Table 1. All biomass contains 

high VS, representing organic matters, of 51%, 28%, and 53% of total weight, respectively. The VS/TS ratios 

of corn cobs, corn husks and corn seeds are another indicator to evaluate the biodigestibility were also high as 

0.957, 0.923 and 0.974, respectively. Typically, a substrate with VS/TS ratio more than 0.80 is concerned as 

a potential feedstock for anaerobic digestion (Wanqin and et al, 2014; Illmer and Gstraunthaler, 2009). The 

C/N ratio, indicating a proper amount of macro nutrients to facilitate microbial growth, is one of the important 

operating the parameter for AD. From table 1, the C/N ratios of corn cobs, corn husks and corn seeds were 

36.02, 47.40 and 18.97, respectively which fall in the recommended range of 9–30 for AD process [3,9].  

 

 

 

 

(A1) (A2) (B1) (B2) (C1) (C2) 
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Table 1 Characteristics of the sweet corn waste 

Properties Unit 
Biomass 

Corn cobs Corn husks Corn seeds 

Total solids (TS) g/kg 530.78 302.47 548.89 

Volatile solids (VS) g/kg 508.48 279.19 534.75 

VS/TS ratio - 0.957 0.923 0.974 

C/N ratio - 36.02 47.40 18.97 

 

1.2 Inoculum 

 The characteristics of inoculum e.g. anaerobic sludge and pig manure are presented in Table 2. The 

anaerobic sludge and pig manure had VS of 103.75 and 113.71 g VS/L, respectively. The VS/TS ratio of 

anaerobic sludge and pig manure were 0.876 and 0.839, respectively. (Selvam, 2010; Ratanatamskul and et al, 

2014) 

 The volatile fatty acid (VFA) of anaerobic sludge and pig manure were quite high as 1 ,068.29 and 

3 ,073.82 mg CH3COOH/L, respectively, as indicated in table 2. Generally, VFA concentration in anaerobic 

digestion should not exceed 2,000 mg CH3COOH/L but the maximum concentration could be high as 5,000 

mg CH3COOH/L. The inoculum was kept in the anaerobic condition to decrease the excess VFA for a week 

until the produced biogas was not detected. Alkalinity (ALK) of anaerobic sludge and pig manure were 

1,626.42 and 4,445.58 mg CaCO3/L, respectively. The optimum alkalinity (ALK) should be in range of 1,000–

5,000 mg CaCO3/L for anaerobic digestion process. 

 

Table 2 Characteristics of inoculum (Anaerobic sludge and pig manure) 

Properties Unit 
Inoculum 

Anaerobic sludge Pig manure  

pH - 6.89 7.72 

Moisture content % 88.20 86.45 

Total solids (TS) g/L 117.96 135.49 

Volatile solids (VS) g/L 103.75 113.71 

VS/TS ratio - 0.876 0.839 

Volatile fatty acid (VFA) mg CH3COOH/L 1,068.29 4,073.82 

Alkalinity (ALK) mg CaCO3/L 1,626.42 5,445.58 

VFA/ALK ratio mg CH3COOH/ mg CaCO3 0.657 0.748 

 

2. Dry anaerobic digestion reactor performance  

 The important operating parameter such as COD, TS, and VS removal efficiency were study to 

indicate the reactor performance. 

 The VS and COD, typically, represent the organic matters of the solid and liquid portion of the 

feedstock, respectively 

 At the beginning of reactor operation, the substrate and inoculum were fed into the anaerobic reactor. 

The TS of the feed stock is set to 20%. The COD, TS and VS were analyzed every 3 days to investigate the 

removal efficiencies as presented in figure 4. The final COD, TS and VS removal efficiencies were 83.33%, 

61.58% and 62.77%, respectively. The ambient temperature was in the mesophilic condition during the 

experimental period and ranges between 24.3 and 44.3˚C (Yu and Fang, 2002; Ayhan and et al, 2016).  
 The statistical regression was used to studied to predict COD, TS and VS removal efficiency. The 

experimental data was fitted with Linear Regression as shown in Figure 4. The equations were y = 2.7273x + 

7.197, y = 1.9398x + 6.0117 and y = 1.9638x + 4.1281 for COD, TS, and VS removal efficiencies, respectively. 

The high R-squares (R2) of COD, TS and VS removal efficiency were highs as 0.9847, 0.9711 and 0.9823, 

respectively. The R2 > 0.8 for all prediction model indicated the linear relationship between removal efficiency 

and reactor operating time. These equations could predict COD, TS and VS efficiency removal within 30 days 

of dry anaerobic digestion in this study efficiently (Jutaporn and et al, 2018). 

 
 



~ 5 ~ 

_______________________________________________________________________________________ 

8th International Conference on Environmental Engineering, Science and Management 

The Twin Towers Hotel, Bangkok, Thailand, May 23-24, 2019 

23R6-03 

 
 

Figure 4 COD, TS, and VS removal efficiency  

 

3. pH and VFA/ALK ratio  

 pH is one of the key factors reflexing system performances as it has strong correlation with volatile 

fatty acid (VFA) and alkalinity (ALK) of the system. The optimum pH for anaerobic digestion were 

recommended to be 5.5 and 8.5 (Ratanatamskul, 2014). pH in this study was stable and vary between 6.78 and 

7.24 as illustrated in figure 5 which effectively facilitate the methanogen growth. The pH decreasing at day 3 

resulted VFA/ALK ratio rising to 0.64 which more than recommended VFA/ALK ratio of 0.4 (Yu and Fang, 

2002; Ayhan and et al, 2016). This might be from the adaptation of methanogen, and the hydrolysis and 

acidogenesis of the high biodegradable portion of the feed stock during the start-up period (Ratanatamskul and 

et al, 2014).  The pH was then start increasing from day 4 and become stable during the experimental period. 

The average VFA and ALK in the system were 1,120.39 mg CH3COOH/L and 3,130.11 mg CaCO3/L, 

respectively. The VFA/ALK ratio was maintained between 0.20 and 0.30 which lower than the recommended 

value of 0.4. Moreover, the reactor didn’t show any failure sign during the 30 days period. The high alkalinity 

of the system might help maintaining the system performance (Aura and et al, 2017; Voća and et al, 2005). 

 

 
 

Figure 5 pH value and the VFA/ALK ratio for dry anaerobic digester 
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4. Biogas production, methane production, and biogas composition 

 The accumulated and the daily biogas production were 3,327.38 liters and 419.66 liters, respectively 

as presented in figure 6. The average biogas yield in the system was 0.59 L/g VSadded. 

 

 
 

Figure 6 Daily biogas production and accumulated biogas volume for dry anaerobic digester  

 

 In the same trend, the accumulated and daily methane yield were 1,672.88 liters and 228.72 liters, 

respectively. The methane yield and methane percentage are shown in Figure 3. The maximum methane yield 

was observed at day 4 of 1.25 L/g VSadded and the average methane yield was 0.30 L/g VSadded. It should be 

notice that the sharp increasing of methane yield was presented at the beginning stage (day 1 to 4) and it 

gradually decreased from day 6 and reach the minimum methane yield and percentage at the end of the 

experiment. The decreasing of the availability of the substrate might play a key role in this the phenomena 

(Erwin and Abdul, 2016).  

 

 
 

Figure 7 Methane yield and methane percentage for dry anaerobic digester 

 

 The biogas composition was analysed every day and the results indicated that in average biogas 

consists of methane, carbon dioxide, oxygen, and others of 46.0%, 37.8%, 1.3% and 14.9% by volume, 
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respectively, and hydrogen sulphide was 45.3 ppm. The characteristics of the produced biogas are shown in 

Table 3. The methane percentage is similar to that reported by other studies using lignocellulosic feedstock 

(Ziana and Rajesh, 2015; Berlian and et al, 2013). 

 

Table 3 The biogas component of dry anaerobic digestion 

Gas Unit Volume 

Methane (CH4) %(v/v) 30.5–56.8 

Carbon dioxide (CO2) %(v/v) 24.6–45.3 

Oxygen (O2) %(v/v) 0.0–5.5 

Hydrogen sulphide (H2S) ppm 0–394 

 

CONCLUSION 
 The dry anaerobic reactor was operated in batch mode using pilot-scale reactor for 30 days and SCW 

was used as the sole feedstock. The reactor performance is stable without any signs of failure. The methane 

content is in a typical range of AD of lignocellulosic biomass. The design and operating procedures of this 

research could be used as a basic guideline to scale the dry anaerobic digestion technology up to the business-

scale dry AD of SCW or could be transferred the technology to be used with the other lignocellulosic feedstock, 

effectively. However, the continuous study is required to confirm the performance of a business-scale digester.  
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