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Coffee is the second largest traded commodity in the world and also produces by-products and residues. 
Coffee husk waste is an abundant lignocellulosic material and has the potential to be used as raw material 
for biogas production. This study compared the production of biogas from coffee husk using rumen fluid 
with a mixture of rumen fluid and cow dung. In the pretreatment process using ethanol, the waste consisted 
of 65.90% cellulose, 24.95% hemicellulose, 0.21% lignin, 2.16% pectin, 1.08% protein, 3.11% tannins, 
0.91% caffeine, and 3.78% polyphenols. The decrease in TS (total solid) and VS (volatile solid) values for 
C-RC (coffee-rumen fluid-cow dung) was greater than for C-R (coffee-rumen fluid) as 32.20% and 42.47% 
were obtained for C-RC, while the values for C-R were 19.32% and 38.37 The VFA (volatile fatty acids) 
values for C-R and C-RC were 1.09% and 2.24%.. The biogas produced for C-R was CH4 of 14.4%, CO2 
of 13.75%, and H2 of 0.59%, while that for C-RC consisted of CH4 of 22.3%, CO2 of 4.11%, and H2 of 
0.36%. The yield of biogas for C-R was 0.48 Nm3/(kg COD removal) and for C-RC was 1.95 Nm3/(kg COD 
removal). 
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1. Introduction 

Increased economic growth, followed by higher living 

standards, as well as rapid industrial growth, requires 

renewable energy sources [1]. The need for renewable energy 

sources is due to the limited and depleting amount of fossil 

fuels [2]. In addition, burning of fossil fuels is a global 

environmental problem due to the resulting greenhouse gas 

emissions [3]. Fossil fuels are not environmentally friendly and 

also expensive. The decline in the quantity of fossil fuels is an 

important problem and there is a need for new technology and 

renewable resources as a solution to this problem [4,5]. 

Indonesia is one of the 4th most populous countries in the 

world after China, India, and the United States. The large 

population can affect the number of available energy sources. 

If this problem is not accompanied by an increase in energy 

production, it is feared that Indonesia will face an energy crisis. 

Therefore, it is necessary to develop alternative energy sources 

that can reduce dependence on conventional fuels. One of the 

energy sources that can be used is biogas. Biogas production, 

containing CH4 (45–75%), CO2 (24–55%), and small amounts 

of other components (N2, O2, H2, and H2S), and is a promising 

renewable energy source [6,7]. 

       Biogas is renewable energy produced from cow dung and 

other agricultural residues through anaerobic digestion. Biogas 

technology has the advantage of being an alternative energy 

source that can be stored and the residue from biogas 

production can be used as fertilizer (Bitrus, 2001). Biogas is a 

biofuel produced from the decomposition or fermentation of 

organic matter from plant and animal waste in an anaerobic 

digester [8]. There are two main functions of a biogas 

production system; the first is the digestion of organic matter 

into biogas and the subsequent use of the produced biofuels for 

energy generation [9]. 

Waste, including industrial, municipal, animal, and 

agricultural, can be used to produce biogas through anaerobic 

digestion [10]. Anaerobic digestion of organic and waste 

biomass is an alternative process to ensure the continuity of 

energy supply, and this has become a great concern because it 

can reduce greenhouse gas emissions. Biogas produced from 

this process is a good source of energy to replace fossil fuels in 

the generation of heat and electricity [11]. 

Agricultural waste is an abundant and potential raw 

material as a source of clean energy and bio-products for 

industrial purposes. For example, when processing coffee 

postharvest solid waste produced (pulp and husk) reaches 1 ton 

[12] and the amount of wastewater varies between 5000 and 

15000 L per ton of coffee [13]. Disposal of coffee waste can 

cause environmental problems such as water eutrophication, 

soil acidification and salinization, and toxic effects. The 

toxicity of coffee grounds is due to the presence of polyphenols, 

compounds that can damage cell membranes and affect the 

enzymatic activity of microorganisms [14]. Its concentration 

can be higher than 9% in coffee grounds and husks and up to 

1528 mg/L in coffee processing wastewater [15]. 

Coffee is the second largest traded commodity in the 

world and also produces products and residues. Coffee is a 

lignocellulosic material that is abundant and can be used as a 

raw material for biogas production. Lignocellulosic 

components present in coffee husk include cellulose (63%), 

hemicellulose (2.3%), lignin (17%), protein (11.5%), tannins 

(1.80-8.56%), pectin (6.5%), reducing sugar (12.4%) %), non-

reducing sugar (2.0%), caffeine (1.3%), chlorogenic acid 

(2.6%) and caffeic acid (1.6%) [16,17]. 

The rumen is a rich and sustainable source of hydrolytic 

bacteria [18]. The addition of rumen fluid to the anaerobic 

digester increases methane yield in the hydrolysis process and 

lignocellulosic acidification increases the concentration of 
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volatile fatty acids (VFA) [19]. The rumen is known as one of 

the most diverse microbes proven to reduce retention time for 

digestion of lignocellulosic biomass during anaerobic digestion 

[20-22]. 

Cow dung also has the potential to be a raw material for 

biogas production. Because in cow dung various types of 

bacteria acts as decomposers, such as hydrolytic bacteria, 

acetogenic bacteria, acetogenic bacteria, and methanogenic 

bacteria. All of these bacteria play an important role as 

decomposers in the degradation of organic matter to produce 

biogas [23]. 

The objective of this study is to produce biogas from 

coffee husk. The addition of rumen fluid and mixture of rumen 

fluid and cow dung were conducted. Both additional raw 

materials were compared to explore the performance. 

2. Materials and Methods 

The materials that will be used in this study are coffee 

husk waste obtained from Tanjung Jabung Barat district, Jambi 

Province. The type of coffee processed is Robusta coffee. Fresh 

rumen fluid and cow dung were collected from the Surabaya 

Pegirian slaughterhouse, 10 liters and three kilograms 

respectively. Rumen fluid is filtered with four layers of sterile 

gauze to remove coarse material, then put into a bucket that has 

been filled with nitrogen and stored at 37oC in an incubator 

[24]. 

Three kilograms of cow dung were taken and then put in 

an airtight container. The cow dung obtained was diluted with 

aquadest in a ratio of 1:3, then filtered using gauze, and then 

put into the digester according to a predetermined volume of 

15% of the working volume of the reactor. Effective 

microorganisms are purchased at a farm store. In addition, 

glucose, ethanol, NiCl2.6H2O, MnCl2.4H2O, K2Cr2O7, NaOH, 

H2SO4, CH3COONa, NH4Cl, KH2PO4, CaCl2.2H2O, 

MgCl2.6H2O, Fe-EDTA, CoCl2.6H2O, and yeast extract were 

also used. 

The equipment in this research is autoclave, hot plate & 

stirrer, water bath, Spectrophotometer, analytical balance, 

Incubator, furnace, oven, vacuum pump (Weich), vortex, 

manometer, gas chromatography (Hewlett Packard), COD 

tube, COD reactor, and gas chromatography (GC-2010 Plus-

SHIMADZU). The batch reactor used is shown in figure 1.  

 
Figure 1. The equipment of anaerobic process from rice straw waste 

2.1. Analysis of lignocellulosic  

In this study, the analysis of cellulose, hemicellulose, 

and lignin used the Chesson method. 

2.2. Hemicellulose  

         Hemicellulose content was analyzed using the Chesson 

Method (Isroi, 2013), namely by mixing 1-2 grams of a sample 

with 150 mL of distilled water, then heating at 100 oC for 2 

hours, then filtering using filter paper and finally rinsing with 

distilled water, then the solids were dried in an oven at 105 oC 

to constant weight (a). Then the sample was mixed with 150 

mL H2SO4 1 N, then the sample was heated at 100 oC for 1 

hour, filtered with filter paper, and finally rinsed with distilled 

water. Then the solids were put into the oven at a temperature 

of 105 oC to constant weight (b). The hemicellulose content was 

calculated using equation (1). 

Hemicellulose content (%) = 
𝑏−𝑐

𝑎
 x 100%   (1) 

 Noted: 

a) Dry weight reduction of lignocellulosic biomass samples. 

 b) Reduction of the dry weight of reflux sample residue using 

hot water.  

 c) The Reduction dry weight of sample residue after refluxing 

using 0.5 M H2SO4.  

2.3. Cellulose 

Cellulose content was analyzed by the Chesson Method. 

The dried sample in hemicellulose analysis (b) was mixed with 

10 mL of 72% (v/v) H2SO4 solution at room temperature for 4 

hours, then H2SO4 was diluted to a concentration of 0.5 M. 

Then the sample was refluxed at 100 oC for 2 hours. The 

cellulose content was calculated using equation (2).  

Cellulose content (%) = 
𝑐−𝑑

𝑎
 𝑥 100%    (2)  

Noted:  

a) The reduction in dry weight of lignocellulosic biomass 

samples. 

c) The reduction in the dry weight of the sample residue after 

refluxing using 0.5 M H2SO4.  

d) The reduction in the dry weight of the sample residue after 

being mixed using 72% H2SO4 after which it was diluted to 

4% H2SO4. 

2.4. Lignin  

Lignin content was analyzed by the Chesson method 

[25]. The dried sample in the cellulose analysis (c) was filtered 

and then washed with distilled water. Next, the solids were put 

into an oven at a temperature of 105 oC to constant (d). 

Cellulose content is calculated using equation (3). Lignin 

content (%) = 
𝑑−𝑒

𝑎
 x 100% ….(3)  

Noted: 

 a) The reduction in dry weight of lignocellulosic biomass 

samples. 

 d) The reduction in the dry weight of the sample residue after 

being mixed with 4% H2SO4. 

 e) Ash from sample residue 
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2.5. Biogas production  

         Biogas production was produced through an anaerobic 

process in a batch reactor with a working volume of 3.6 L. This 

study compared the yield and quality of biogas for waste of 

coffee with rumen fluid (C-R) and the mixture of rumen fluid 

and cow dung (C-RC). The parameters measured in this study 

were total solids, volatile solids, chemical oxygen demand 

(COD), volatile fatty acids (VFA), and biogas composition. 

2.6.  Analysis total solids (TS) 

The porcelain cup is heated for 1 hour at 550 0C in the 

furnace, then cooled in a desiccator, after cold the empty cup is 

weighed (Wdish). Ten ml of sample was put into a cup that had 

been weighed previously and then weighed again (Wsample). The 

cup containing the sample was put into the oven and then 

heated for 12 hours at 105 C. Then the cup is cooled in a 

desiccator and weighed again until the weight remains constant 

(Wtotal). 

% Total solids = 
𝑊𝑡𝑜𝑡𝑎𝑙−𝑊𝑑𝑖𝑠ℎ

𝑊𝑠𝑎𝑚𝑝𝑙𝑒−𝑊𝑑𝑖𝑠ℎ
 x 100% 

Noted:  

Wdish = weight of the cup (g) 

Wsample = weight of sample and cup (g) 

Wtotal = weight of dry sample and cup (g) 

This is described as EPA Method 1684 [26]. 

2.7. Analysis volatile solids (VS) 

The cup containing the sample whose TS has been 

weighed is then reheated in the muffle furnace at a temperature 

of 550 oC for 2 hours. After that, the porcelain cup was cooled 

to room temperature and the weight was re-weighed. Ash 

[mg/l] = a × (1000/v) a = the difference in weight of the 

evaporating dish after being heated at 550 oC with the weight 

of the empty dish v = sample volume VS [mg/l] = TS [mg/l] - 

Ash [mg/l]. This is described as EPA Method 1684 [26].  

2.8. Analysis COD 

 COD was measured by adding a digestion solution 

(K2Cr2O7) with 3.5 mL of H2SO4 solution in a COD tube, then 

homogenized (the solution became hot), allowed to settle, then 

added 2.5 mL of distilled water as a blank, homogenized, then 

heated at 148 oC for 2 hours using a COD reactor, let it come 

to room temperature and measure it with a spectrophotometer 

at a wavelength of 620 nm. 

2.9. Analysis volatile fatty Acids (VFA) and biogas 

 Analysis of VFA content, the slurry sample was taken 

through a sampling valve digester using a syringe and a hose 

and then accommodated into 1.5 mL eppendoff, then 

homogenized with a centrifuge to separate the filtrate and 

precipitate. The resulting filtrate was analyzed using Gas 

Chromatography (GC) HP-6890 at an oven operating condition 

with an initial temperature of 170 oC for 18.57 min. Injector 

operating conditions using Helium as carrier gas at an initial 

temperature of 275 oC at a pressure of 17.21 psi. The 

composition of biogas such CH4, CO2, dan H2 was analyzed 

using gas chromatography (Hewlett Packard, USA) 

3. Results and Discussion 

3.1. Coffee husk lignocellulosic composition 

Table 1 shows the results of the analysis of the 

lignocellulosic composition after the delignification process 

with chemical pretreatment using ethanol. The results of 

lignocellulosic components of coffee husk waste after 

pretreatment using ethanol are 65.90% cellulose, 24.95% 

hemicellulose, 0.21% lignin, 2.16% pectin, 1.08% protein, 

3.11% tannins, 0.91% caffeine, and 3.78% polyphenols. 

Table 1. Lignocellulosic composition of coffee husk 

Coffee husk components Percent 

Cellulose 65.90% 

Hemicellulose 24.95% 

Lignin 0.21% 

Pectin 0.42% 

Protein 0.81% 

Tannin 1.05% 

Caffein 0.0% 

Polyphenol 0.81% 

 

The delignification process is an initial step that aims to 

reduce the lignin content in lignocellulosic materials. The 

delignification process will dissolve the lignin content in the 

material, thus facilitating the process of separating lignin from 

cellulose fibers. Delignification will open the lignocellulosic 

structure so that cellulose becomes more accessible to 

microbes. Thus, the process of degrading organic compounds 

is easier for microorganisms to carry out [27]. 

3.2. Total solids (TS) and volatile solid (VS) 

         Based on the TS and VS analysis, it was carried out every 

5 days for 30 days during the anaerobic digestion process. The 

results of the TS and VS analysis can be seen in figures 2 and 

3. 

Based on the results of the TS and VS analysis shown in 

Figures 2 and 3, it can be seen that the TS and VS values on the 

C-R and C-RC decreased significantly during the 30 days of 

anerobic fermentation time. The decrease in TS and VS values 

for C-RC was greater than for C-R, namely 32.20% and 

42.47%, while for C-R the resulting TS and VS values were 

19.32% and 38.37%. 

 
Figure 2. Total solids profile for anaerobic digestion from C-R and C-RC 
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Figure 3. Volatile solids profile for anaerobic digestion from C-R and C-RC 

TS and VS values are affected by the increased growth of 

microorganisms from degraded organic compounds. The 

significant decrease in TS and VS was due to the increased 

growth of the microorganism cells which was supported by an 

adequate supply of nutrients so that the microorganisms were 

able to degrade organic compounds. 

3.3. Chemical oxygen demand (COD) 

 Figure 4 shows the results of the COD analysis for the 

two treatments, namely C-R and C-RC, which decreased during 

the anaerobic fermentation process. The decrease in COD in 

each treatment was a C-R of 28.23% and a CR-C of 48.92%. 

Based on the analysis results, the COD value decreased from 

day 5 to day 30. Decreasing the COD value identifies the 

methane gas product formed. 

 

Figure 4. COD profile for anaerobic digestion from C-R and C-RC 

3.4. Volatile fatty acids (VFA)                        

In this study, volatile fatty acids such as acetic, propionic, 

and butyric acids were analyzed by gas chromatography (GC). 

Acetic, propionic, and butyric acids are the main products in 

biogas production. The results of VFA analysis on C-R and C-

RC are shown in figure 5. 

Increased production of acetic, propionic, and butyric 

acids on C-R and C-RC indicates increased growth of 

acetogenic bacteria while decreased production of acetic, 

propionic, and butyric acids indicates the conversion of these 

three volatile fatty acids into biogas. The concentration of these 

volatile acids (acetic, propionic, and butyric acids) indicates the 

production of biogas has been produced [28]. 

 

Figure 5. VFA profile for anaerobic digestion from C-R and C-RC 

3.5. Biogas result 

The composition of biogas (CH4, CO2, H2) was analyzed 

for 30 days of anaerobic fermentation. Table 2 shows the 

comparison of biogas composition between C-R and C-RC. 

Table 2. Comparison of biogas composition in C-R and C-RC 

Compounds C-R (%) C-RC (%) 

CH4 14,4 22,3 

CO2 13.75 4,11 

H2 0,59 0,36 

The highest CH4 composition (22.3%) was yielded for C-

RC as CO2 of 13.75% and H2 of 0.36% was obtained. The 

highest methane yield was produced in C-RC about 1.95 

Nm3/(kg COD removal). The presence of cow dung results in 

greater methane production [29, 30]. Cow dung is a habitat for 

various microorganisms that function to accelerate component 

degradation. Thus, it can degrade organic matter through a 

hydrolysis process, in which complex organic polymers are 

converted into short organic components [31]. However, the 

amount of carbon dioxide decreased significantly with the 

addition of cow dung; this may be due to the slight increase in 

alkalinity limiting the hydrolysis of organic matter to produce 

carbon dioxide [30,32]. 

4. Conclusion 

The mixing of cow dung and rumen fluid in biogas 

production of coffee husk waste is more effective than using 

only rumen microorganisms. In addition to increasing the 

methane yield, it also improves the quality of the biogas 

produced. This is indicated by the carbon dioxide gas produced 

which is an impurity, which is 4.11% less in C-RC compared 

to C-R which is much larger, which is 13.75%. 

0

5

10

15

20

25

30

35

0 5 10 15 20 25 30

V
S

 (
g
/L

)

Time (Days)

C-R

C-RC

0

5,000

10,000

15,000

20,000

25,000

0 5 10 15 20 25 30

C
O

D
 (

m
g
/L

)

Time (Days)

C-R

C-RC

0

0.1

0.2

0.3

0.4

0.5

0.6

0 5 10 15 20 25 30

T
o
ta

l 
V

F
A

 (
v
/v

)

Time (Days)

C-R

C-RC



 Anwar et al. / Konversi 12(1) (2024) 25–29 29 

 
References 

[1] E.S. Gaballah, T.K. Abdelkader, S. Luo, Q. Yuan, A. El-Fatah 

Abomohra, Enhancement of biogas production by integrated solar 

heating system: A pilot study using tubular digester, Energy, 193 (2020) 

116758. 

[2] C.E. Hollas, A.C. Bolsan, A. Chini, B. Venturin, G. Bonassa, D. 

Cândido, F.G. Antes, R.L.R. Steinmetz, N.V. Prado, A. Kunz, Effects of 

swine manure storage time on solid-liquid separation and biogas 

production: A life-cycle assessment approach, Renew. Sustain. Energy 

Rev., 150 (2021) 111472. 

[3] I.S. Thakur, Environmental Biotechnology: Basic Concept and 

Applications, I.K. International Publishing House Pvt, New Delhi, 2010. 

[4] A.E. Farrell, R.J. Plevin, B.T. Turner, A.D. Jones, M. O'Hare, D.M. 

Kammen, Ethanol Can Contribute to Energy and Environmental Goals, 

Science, 311 (2006) 506-508. 

[5] D. Deublein, A. Steinhauser, Biogas from Waste and Renewable 

Resources: An Introduction, Wiley‐VCH Verlag GmbH & Co. KGaA, 

New Jersey, 2008. 

[6] X. Yuan, B. Li, X. Wang, B. Li, Synthesis gas production by dry 

reforming of methane over Neodymium-modified hydrotalcite-derived 

nickel catalysts, Fuel Process. Technol., 227 (2021) 107104. 

[7] G. Lu, Y. Bai, L. Ren, J. Wang, X. Song, G. Yu, Role of phosphorus (P) 

additive in the performance of char-supported nickel (Ni) catalyst on tar 

reforming, Energy Convers. Manage., 225 (2020) 113471. 

[8] S.C. Iweka, K.C. Owuama, J.L. Chukwuneke, O.A. Falowo, 

Optimization of biogas yield from anaerobic co-digestion of corn-chaff 

and cow dung digestate: RSM and python approach, Heliyon, 7 (2021) 

e08255. 

[9] J. Bacenetti, M. Negri, M. Fiala, S. González-García, Anaerobic 

digestion of different feedstocks: Impact on energetic and environmental 

balances of biogas process, Sci. Total Environ., 463-464 (2013) 541-

551. 

[10] H. Yaqoob, Y.H. Teoh, Z.U. Din, N.U. Sabah, M.A. Jamil, M.A. 

Mujtaba, A. Abid, The potential of sustainable biogas production from 

biomass waste for power generation in Pakistan, J. Cleaner Prod., 307 

(2021) 127250. 

[11] P. Weiland, Biogas production: current state and perspectives, Appl. 

Microbiol. Biotechnol., 85 (2009) 849-860. 

[12] B.M. Gouvea, C. Torres, A.S. Franca, L.S. Oliveira, E.S. Oliveira, 

Feasibility of ethanol production from coffee husks, Biotechnol. Lett, 31 

(2009) 1315-1319. 

[13] A.G. Woldesenbet, B. Woldeyes, B. Singh, Chandravanshi, 

Characteristics of wet coffee processing waste and its environmental 

impact in Ethiopia, International Journal of Research in Engineering and 

Science, 2 (2014) 1-5. 

[14] F. Monlau, C. Sambusiti, A. Barakat, M. Quéméneur, E. Trably, J.P. 

Steyer, H. Carrère, Do furanic and phenolic compounds of 

lignocellulosic and algae biomass hydrolyzate inhibit anaerobic mixed 

cultures? A comprehensive review, Biotechnol. Adv., 32 (2014) 934-

951. 

[15] A.C. Villa-Montoya, M.I.T. Ferro, R.A. de Oliveira, Removal of phenols 

and methane production with coffee processing wastewater 

supplemented with phosphorous, International Journal of Environmental 

Science and Technology, 14 (2017) 61-74. 

[16] S.I. Mussatto, E.M.S. Machado, L.M. Carneiro, J.A. Teixeira, Sugars 

metabolism and ethanol production by different yeast strains from coffee 

industry wastes hydrolysates, Appl. Energy, 92 (2012) 763-768. 

[17] A.S. Franca, L.S. Oliveira, M.E. Ferreira, Kinetics and equilibrium 

studies of methylene blue adsorption by spent coffee grounds, 

Desalination, 249 (2009) 267-272. 

[18] K.Z. Kewan, A.E. Rabee, E.A. Sabra, H.M. El Shaer, M. Lamara, 

Rumen bacterial community profileand fermentation in Barki sheep fed 

olive cake and date palm by products, PeerJ, 9 (2021) e12447. 

[19] U. Uthirakrishnan, V.G. Sharmila, J. Merrylin, S.A. Kumar, J.S. 

Dharmadhas, S. Varjani, J.R. Banu, Current advances and future outlook 

on pretreatment techniques to enhance biosolids disintegration and 

anaerobic digestion: A critical review, Chemosphere, 288 (2022) 

132553. 

[20] E. Susilowati, A. Pertiwiningrum, R. Rochijan, N.A. Fitriyanto, Y. 

Soeherman, M.F. Habibi, Potential Test on Utilization of Cow’s Rumen 

Fluid to Increase Biogas Production Rate and Methane Concentration in 

Biogas, Asian Journal of Animal Sciences, 11 (2017) 82-87. 

[21] Y. Zou, X. Xu, L. Li, F. Yang, S. Zhang, Enhancing methane production 

from U. lactuca using combined anaerobically digested sludge (ADS) 

and rumen fluid pre-treatment and the effect on the solubilization of 

microbial community structures, Bioresour. Technol., 254 (2018) 83-90. 

[22] W. Jin, X. Xu, F. Yang, Application of Rumen Microorganisms for 

Enhancing Biogas Production of Corn Straw and Livestock Manure in a 

Pilot-Scale Anaerobic Digestion System: Performance and Microbial 

Community Analysis,  Energies, 2018. 

[23] P.M. Christy, D. Divya, Microbial dynamics during anaerobic digestion 

of cow dung   International Journal of Plant, Animal, and Enviromental 

Sciences, 4 (2014) 86-94. 

[24] W. Jin, X. Xu, Y. Gao, F. Yang, G. Wang, Anaerobic fermentation of 

biogas liquid pretreated maize straw by rumen microorganisms in vitro, 

Bioresour. Technol., 153 (2014) 8-14. 

[25] M. Djali, I.L. Kayaputri, D. Kurniati, E. Sukarminah, I.M. Mudjenan, 

G.L. Utama, Degradation of Lignocelluloses Cocoa Shell (Theobroma 

cacao L.) by Various Types of Mould Treatments, J. Food Qual., 2021 

(2021) 6127029. 

[26] W. Zhang, E.S. McLamore, N.T. Garland, J.V.C. Leon, M.K. Banks, A 

simple method for quantifying biomass cell and polymer distribution in 

biofilms, J. Microbiol. Methods, 94 (2013) 367-374. 

[27] J. Yuan, Z. Yuan, X. Ou, Modelling of environmental benefit evaluation 

of energy transition to multi-energy complementary system, Energy 

Procedia, 158 (2019) 4882-4888. 

[28] N. Buyukkamaci, A. Filibeli, Volatile fatty acid formation in an 

anaerobic hybrid reactor, Process Biochem., 39 (2004) 1491-1494. 

[29] S. Achinas, Y. Li, V. Achinas, G.J. Euverink, Influence of sheep manure 

addition on biogas potential and methanogenic communities during cow 

dung digestion under mesophilic conditions, Sustainable Environment 

Research, 28 (2018) 240-246. 

[30] Y. Zhao, F. Sun, J. Yu, Y. Cai, X. Luo, Z. Cui, Y. Hu, X. Wang, Co-

digestion of oat straw and cow manure during anaerobic digestion: 

Stimulative and inhibitory effects on fermentation, Bioresour. Technol., 

(2018). 

[31] R. Amirta, E. Herawati, W. Suwinarti, T. Watanabe, Two-steps 

utilization of shorea wood waste biomass for the production of oyster 

mushroom and biogas – A zero waste approach, Agriculture and 

Agricultural Science Procedia, 9 (2016) 202-208. 

[32] S. Sa’diah, M.D. Putra, Biogas production from wastes of tofu industry 

with effects of water hyacinth and cow manure additions, IOP 

Conference Series: Materials Science and Engineering, 543 (2019) 

012097.

 

 


