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A B S T R A C T  

 

The anaerobic digestion of organic waste for biogas production can be affected by some variables such 
as temperature; concentration of the biogas feed solution, bacteria populations, and pressure. This 
study investigated the effects of thermal pretreatment at 50, 75, and 100 ºC on the biogas produced by 
simultaneous anaerobic digestion of cow manure, mushroom waste, and wheat straw at thermophilic 
temperature. Moreover, the effects of a zeolite on reducing the salinity of the wastewater were 
evaluated. Cow manure, mushroom waste, and wheat straw were mixed to yield a mixture with an 
optimum carbon to nitrogen ratio of 20-30 and TS of 25-35%. Each thermal pretreatment was prepared 
in four replicates and placed in a steam bath with a temperature of 55 ºC. The amount of gas produced 
by each thermal pretreatment was measured every day for 15 days. On day 15, the electrical 
conductivity of the produced wastewater was measured and the wastewater was exposed to a modified 
zeolite. The results showed that the greatest level of biogas was produced by thermal pretreatment at 
75 ºC, which gave the biogas yield of 0.197 L/gVS after 15 days observation while, the other thermal 
pretreatments at 50, and 100 ºC gave the biogas yield 0.147, and 0.169 L/gVS, respectively. The 
highest amount of biogas was achieved on the third day for every three thermal pretreatments. 
Moreover, the modified zeolite reduced the wastewater salinity by 25%. These results confirmed that 
thermal pretreatment at 75 ºC is an effective pretreatment for biogas production improvement from the 
mixture of cow manure, mushroom waste, and wheat straw, and the modified zeolite could be used for 
salinity reduction of wastewater discharged from the process. 

1. INTRODUCTION1 

Serious concerns raised by the continued decline of 
fossil fuels have necessitated searches for new energy 
sources including renewable energies such as solar 
energy, biogas, biodiesel, wind energy, and tidal energy 
[1]. Among various sources of energy, biogas is an 
efficient, renewable, and environment-friendly 
alternative for fossil fuels and can facilitate the 
preservation of invaluable oil and natural gas reserves 
throughout the world. In addition, its use will 
significantly reduce the greenhouse gas emissions [2]. 
This fuel is mostly produced from organic waste such as 
cow manure, food waste, agricultural waste, and human 
waste [3- 9]. Adding manure can effectively enhance 
the biogas production from agricultural waste as it 
directly introduces biogas-producing bacteria to the 
digestion environment at the beginning of the process 
and thus helps the decomposition process to be initiated 
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at an earlier stage [10]. Furthermore, some 
pretreatments such as thermal, thermo-chemical, 
mechanical, biological pretreatment are important for 
enhancing the biogas production and/or anaerobic 
digestion. All pretreatments have strengths and 
weaknesses, the most appropriate technique will depend 
on the characteristics of each feedstock. However, 
pretreatment techniques must be economically feasible 
and environmental friendly, so they should have low 
energy, chemicals and water requirements. The main 
advantage of applying thermal pretreatment, especially 
temperatures below the 100ºC, is the low energy 
demand for biomass heating. In fact, energy 
requirements may be fulfilled using waste heat from 
cogeneration engines fueled by biogas [11]. Thermal 
pre-treatment appears as a very interesting option and a 
potential solution for a large quantity of lignocellulosic 
biomass [12]. The use of a thermal pre-treatment to 
enhance the anaerobic digestion of sewage sludge has 
also been reported in several references and has been 
developed in full scale. It is suitable for the 
improvement of stabilization, enhancement of 
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dewatering of the sludge, and reduction of the numbers 
of pathogens [13]. However, the thermal pretreatment 
application to other organic wastes such as agricultural 
wastes [14, 15] or manure is very recent, and still open 
to research. Some references can be found concerning 
thermal pretreatment to chicken manure [16, 17], swine 
manure [18, 19], and pig manure [20, 12]. In this study, 
thermal pretreatment is used for improvement of biogas 
produced by simultaneous anaerobic digestion of 
mushroom waste, cow manure and wheat straw. 
On the other side, biogas production is the high demand 
water process which has negative effects on the quality 
of the discharged wastewater in which the salinity is one 
of the main issues. Considering the fact that Iran is 
located in arid and semiarid region suffered from long-
term drought and water shortage, water management has 
an important role on using the convenient and 
inconvenient sources of water such as waste water 
discharged from biogas production process. Absorbents 
such as zeolites are suggested for improving the 
wastewater quality. Zeolites are hydrated 
aluminosilicate crystals containing alkaline and alkaline 
earth metal cations. 
Cation exchange and reversible water adsorption and 
loss (without any major molecular change) are among 
the main characteristics of these compounds [21]. 
Several studies have been carried out on the use of 
zeolite for wastewater treatment, such as the salinity 
reduction of groundwater with natural and modified 
zeolites [22], adsorption of heavy metals in mine 
wastewater by Mongolian natural zeolite [23], arsenate 
adsorption on iron modified artificial zeolite made from 
coal fly ash [24], and removal of MTBE in the columns 
filled with modified natural zeolites [25].  A zeolite was 
hence used in this study to reduce the wastewater 
salinity. 
This study sought to investigate the effects of thermal 
pretreatment on the amount of biogas produced from 
cow manure, mushroom waste, and wheat straw. It was 
also tried to clarify the effects of zeolites on reducing 
the salinity of the wastewater produced during the 
anaerobic digestion of these materials. The results of 
this study can provide solutions for organic waste 
management. In addition, wastewater salinity reduction 
through zeolites facilitates the use of wastewater in the 
irrigation of urban green spaces. 

2. METHODS 

2.1. Thermal pretreatment preparation and 
biogas production measurement 
Cow manure and wheat straw were sampled from the 
agricultural farm of the Isfahan (Khorasgan) Branch, 
Islamic Azad University. Mushroom waste was 
collected from Jarghoie Yecta mushroom factory. Then, 
Mushroom waste was dried at temperature of 150 ºC for 
4 hours in an oven. The dried mushroom waste and 

wheat straw were milled to obtain particle sizes of less 
than 3 mm. Samples were analyzed for total solids (TS), 
carbon to nitrogen ratio (C/N) according to the standard 
methods for the examination of water and wastewater 
[26], EC, and pH. The materials’ characteristics are  
presented in Table 1. 

TABLE 1. Characterization of the raw materials investigated 
in this work  

 Cow 

manure 

Mushroom waste Wheat 

straw 

EC(mS/Cm) 5.26 10.35 1.1 

pH 7.45 6.5 7.2 

C% 33.7 32.13 50.5 

N% 2.28 2.08 0.6 

C/N 14.79 15.4 84.15 

TS% 66.35 70.05 9.15 

Carbon to nitrogen ratios (C/N) between 20 and 30 are 
believed to optimize biogas production from organic 
waste [27]. Therefore, based on the C/N of cow manure, 
mushroom waste, and wheat straw (Table 1), 8 g of 
grinded wheat straw, 52 g of grinded mushroom waste, 
and 40 g of cow manure were required to obtain a C/N 
of 20-30 and a TS of 25-35% for 100 g of the final 
mixture. This mixture of was prepared in four replicates 
for each thermal pretreatment (50, 75, and 100 ºC). In 
the next stage, the pH and EC of each pretreatment were 
measured (Table 2) and the prepared thermal 
pretreatments were transferred to specifically designed 
glass bottles. These one-liter bottles had a vent and a 
venting valve to allow the addition of materials. Each 
bottle was filled with 140 cc of the mentioned mixture 
and 560 cc of distilled water. The remaining 300 cc 
were left empty to provide adequate space for the 
produced gas.  

TABLE 2. Electrical conductivity (EC) and pH of the thermal 
pretreatments  

Pretreatment pH EC (mS /Cm) 

Pretreatment 50 7.7 7.56 

Pretreatment 75 7.73 8.14 

Pretreatment 100 7.75 7.91 

 
The internal temperature of the steam bath was set at 55 
ºC. Afterwards, serum hoses were connected to bottle 
valves. To enhance the biogas production, each bottle 
was shaken for 10 minutes every day. The water level in 
every bucket was measured at a specified time every 
day and the difference between water levels on two 
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consecutive days was recorded as the amount of gas 
produced by each thermal pretreatment. 

2.2. Zeolite preparation and wastewater EC 
measurement   
The zeolite was modified using hydrochloric acid and 
calcium chloride. For this purpose, 10 g of zeolite was 
added to a solution containing 1 g calcium chloride in 
hydrochloride acid to obtain a solid/solution ratio of 
1:10. The final solution was placed in a shaker for 24 
hours. In order to extract the remaining acids, the 
solution was washed with distilled water and passed 
through a filter paper. Its pH was continuously 
measured until it reached a constant value. The solution 
was then moved to polyethylene containers and dried in 
fresh air [28].   
The wastewater produced in the bottles in the steam 
bath was sampled on the 3th, 9th, 13th, and 15th days of 
the process. The EC of each sample was then measured 
and changes in wastewater EC were evaluated (Table 
3). On day 15, all remaining wastewater was removed 
from the bottles and exposed to the modified zeolite for 
six hours. In order to determine the effects of the zeolite 
on EC reduction, wastewater EC measurements were 
performed before and after exposure to the modified 
zeolite. 

TABLE 3.The wastewater EC for three evaluated thermal 
pretreatment on the 3th, 9th, 13th, and 15th days of the process 

EC (mS /Cm) 

        3 9 13 15 

TPW-50 9.67 10.78 11.07 11.23 

TPW-75 9.47 10.35 10.87 10.61 

TPW-100 9.37 10.15 10.81 10.56 

TPW: Thermal Pretreatment Waste water 

3. RESULTS AND DISCUSSION 

3.1.  Effects of thermal pretreatment on biogas 
production 
The cumulative biogas produced per g organic solids for 
different thermal pretreatment over a 15 day digestion 
time at thermophilic temperature (55°C) is shown in 
Fig. 1. The rates of biogas production differed 
appreciably according to the different thermal 
pretreatment. Furthermore, as shown in Fig. 1, the 
greatest level of biogas was produced by thermal 
pretreatment at 75 ºC, which gave the biogas yield of 
0.197 L/gVS after 15 days observation while, the other 
thermal pretreatments of 50, and 100 ºC gave the biogas 
yield 0.147 and 0.169 L/gVS, respectively. In fact, 
pretreatment at 75 ºC seems to be the optimum 
temperature for the structural decomposition of the 
constituents of the experimental mixture, which can 
facilitate the degrading bacteria’s access to organic 

materials, and thus promote the biogas production. In 
addition, according to the results, the highest amount of 
biogas was achieved on the third day of the process for 
every three thermal pretreatments. Materials on the first 
few days of the process and microorganisms’ easier 
access to their required food can justify this finding 
[29]. This is similar with the information from 
Taherdanak and Zilouei [29] that obtained the best 
improvement in the biogas production from wheat plant 
by pretreatment at 75 ºC for 60 min. They also reported 
the improvement of the biogas production using alkaline 
Pretreatment. Rafique et al. [30] observed that the 
maximum biogas production in thermo- pretreated 
samples was obtained at 70 ºC and then decreased with 
the increase in temperature. 

 
Figure 1. Cumulative biogas production at different thermal 
pretreatment under thermophilic conditions (55°C).  (TP: 
Thermal Pretreatment) 

 

This indicates that the higher temperatures do not 
necessarily yield higher biogas production and this is 
attributed to the decrease in the biodegradability of 
substrate due to possible formation of complex organic 
and toxic compounds. In this study, it was also observed 
that the biogas production by pretreatment at 100 ºC is 

lower than at 75 ºC. However, these results are not in 
agreement with the ones- reported by Carrère et al. [31] 
who investigated the improvement of the thermal (70–
190 ºC) treatments in order to maximize the production 
of methane from pig manure. They showed that the 
methane potential of manure soluble fraction increased 
with the temperature of thermal treatments whereas 
temperatures higher than the 135 ºC were necessary to 
improve the methane potential of the total fraction. The 
best results were obtained for the highest temperature 
(190 ºC). Gonza´lez-Ferna´ndez et al. [32] also 
investigated the effect of thermal pretreatment at two 
temperatures (70 and 90 ºC) applied to Scenedesmus 
biomass. No differences were detected in terms of 
organic matter upon the two tested temperatures. 
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Nevertheless, a different fact was observed for their 
anaerobic biodegradability. While raw and pretreated at 
70 ºC microalgae attained 22-24% anaerobic 
biodegradability, microalgae pretreated at 90 ºC 
achieved anaerobic biodegradability of 48%. Even 
though similar profiles were obtained for both 
temperatures along the pretreatment period, the damage 
caused in the cell wall at 90 ºC seemed to be greater and 
rendered this readily degradable substrate for anaerobic 
digestion. After all, the results of this study highlighted 
the potential of thermal pretreatment for enhancing the 
biogas production of simultaneous anaerobic digestion 
of cow manure, mushroom waste, and wheat straw.  
However, to improve this value, further research is 
needed to determine the effect of biological 
pretreatment, the composition of biogas, as well as 
performance in a continuously fed reactor. 

3.2. Effects of zeolite on the EC of the wastewater 
The EC of the wastewater was reduced by 25% using 
the zeolite. The reduction in the EC of the wastewater 
was caused by the zeolite structure which allowed the 
free exchange of ions, especially water soluble ions. The 
complex crystalline silicate structure of the zeolites 
creates large continuous chains whose internal 
connections and component arrangement form a 
network of empty spaces and rack-shaped pores. These 
countless small empty racks, together with loosely-
coupled alkaline and alkaline earth metal cations, are 
responsible for such unique characteristics such as 
absorption, cation exchange, molecule filtering, and 
catalyst features. Another characteristic of this mineral 
is its high mechanical and chemical resistance which 
makes it suitable for use in water and wastewater 
treatment. This is also related to loosely coupled ions in 
the zeolites that are easily exchanged with other ions. 
Washing zeolites with acids seems to remove their 
water soluble minerals. Therefore, the remaining zeolite 
will contain elements that are insoluble in water. These 
zeolites are expected to absorb higher levels of sodium 
and water hardness salts. They should hence be suitable 
for water treatment industry [33]. In this study, the 
replacement of sodium atoms with hydrogen ions in the 
zeolite modified with hydrochloric acid, increased the 
zeolite’s capacity and thus reduced the EC of the 
wastewater [34-36]. This is similar with the information 
from Borghei et al. [22] which showed that the modified 
zeolite reduces EC and increases the zeolite capacity, 
while the use of unmodified zeolite increases the EC 
and salts. Shekarian et al. [37] also investigated the salt 
absorption by zeolite and perlit. They showed that the 
smaller particles of zeolite act faster than the larger 
particles for absorption, because factors such as the 
penetration path or the resistance to mass transmissions 
and the blockage of some penetration paths lead to 
reduction of the absorption efficiency. 

4. CONCLUSIONS 

In this study, the influence of thermal pretreatment (50, 
75, and 100 ºC) on the biogas production from the 
mixture of cow manure, mushroom waste, and wheat 
straw was evaluated. The results showed that the highest 
amount of biogas (0.197 L/gVS) was produced for the 
pretreatment at 75ºC after 15 days. The highest amount 
of biogas was achieved on the third day for every three 
thermal pretreatments. Modified zeolite was 
investigated for the reduction of wastewaters salinity 
which were produced during the biogas production. The 
modified zeolite reduced the salinity of the wastewater 
by 25%. Future studies are warranted to examine the 
effects of microbial pretreatment on the biogas 
production and determination of the biogas 
composition. 
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