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Figure 1- Loading of materials and food residues in portable laboratory biogas reactor
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Figure 2- Grinding food waste
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Figure 3- Placing samples prepared in a hot water bath
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Figure 4- daily measurements of the volume of biogas produced by the water displacement method
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Table 1- The materials and compounds used in the production of biogas in a volume of 1 liter

Type of compound ingredients Combination of ingredients (g)
COW manure + water 250+250
food waste + water 250+250
Food waste + cow manure + water 125+375+500
Food waste + cow manure + water 375+125+500

2138 Wilaws 3 (0l 355 byl 1y o 3938l a5 - Jguz
Table 2 - Additive mixing with manure and food waste

Type of additives Amount of additives Combination of ingredients Type of material
() () (9)

Silica gel 10 250+250+500 Water+cow manure+Food waste
Rosemary 10 250+250+500 Water+cow manure+Food waste
Peppermint 10 250+250+500 Water+cow manure+Food waste
To Japanese 10 250+250+500 Water+cow manure+Food waste
peel of banana 10 250+250+500 Water+cow manure+Food waste
Walnut shell 10 250+250+500 Water+cow manure+Food waste
Tomato 10 250+250+500 Water+cow manure+Food waste
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Figure 5- Measure and adjust the pH of the material
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Figure 6- Measurement of the physical properties of the materials used in the production of biogas
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Figure 7- A schematic view of the energy balance & boundary of the system considered for the biogas reactor
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2. methane potential



YWAA 50l cpg o )lads (uo05lgs Jlo o3l il g G g oidgh — sole 4 005

010 395 3 (2I0E Wilowwy i bgloo 4y Lilices lgo I 0,5 Ve (43,548l FT o (M) Gl g¥ 5B gm oo (ol3mo -V Jgu
Table 3- Effect of adding different materials (10 g) on the amount of produced biogas (ml) with optimum mix of food and manure

Day | CM?* [ Fw! | Fw/ | Fw/ | Fw/ | Silicagel | Rosemary | Peppermint| Japanese peel of Tomato Walut shell
CM | CM | CM 10(g) 10(g) 10(g) Quince banana 10(g) green 10(g)
31 1.3 | 11 10(g) 10(g)
1 | 350 | 45 | 315 | 195 | 365 550 620 320 265 285 385 425
2 | 395 | 360 | 525 | 325 | 590 915 1235 725 375 435 525 735
3 | 515 | 270 | 925 | 235 | 925 990 930 925 905 820 875 740
4 | 475 | 165 | 795 | 220 | 990 1250 725 550 745 915 635 1005
5 | 350 0 520 0 1815 1925 695 425 810 1110 980 1395
6 | 315 0 125 40 | 195 375 485 225 445 665 835 605
7 1225 | 25 0 0 75 95 225 125 320 420 505 135
8 65 0 0 0 45 65 125 95 65 265 245 55
9 45 0 0 0 0 55 95 0 0 125 45 15
10 | 20 0 0 0 0 0 0 0 0 55 0 0
11 15 0 0 0 0 0 0 0 0 0 0 0
= CM el FW FW/CM 1:1 FW/CM 1:3
= FW/CM 3:1 =@ Silica gel em—j ROSEMAry e Peppermint
= ]apanese quince =g Peel of banana ==fl==Tomato == \Nalut shell green
2000
1800
1600
1400
T 1200
5 1000
>
4 800
600
400
200
0

2

3

4 5

Gday 8

9 10 11 12 13 14 15

Figure 8- Chart of the daily variation in the amount of biogas produced from different combinations
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Figure 9- Generate the total amount of biogas produced by a mixture of food waste and manure with different additives in 15 days
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Table 4- The percentage of produced biogas changes compared to the optimal mixture of FW/CM1: 1
Type of Silica | Rosem | Walut shell peel of Japanese FW/CM FW/CM

material gel ary green banana Tomato Quince Peppermint 1:3 CM 31 FW
Percent 0
change% +24.4 +2.7 +2.3 +1.9 +0.6 -24.1 -32.2 -34.8 -44.6 | -79.7% | -83.9
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Figure 10- shows the pH variations of different compounds during fermentation
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Table 5- Results of measurement of the physical properties of the materials used in the production of biogas

Row Name of wastes Weight (g) | Moisture content (%) | Total solid (%) | Volatile solid (%) | Ash content (%) | TS/VS (%)
1 Cow manure 20 80 20 92.73 7.27 21
2 Mixed leftover foods 30 66.23 33.77 95.65 4.35 .35
3 Banana peel 3.8 82.58 17.42 89.15 10.85 19
4 Tomato 7 86.84 13.16 92.48 7.52 14
5 Green skin of walnut 2.29 84.52 15.48 83.86 16.14 .18
6 Rosemary 1.12 57.08 42.92 94.24 5.76 45
7 Peppermint 13 47.13 52.87 92.48 7.52 57
8 Bread 10 45.16 54.84 91.96 8.04 .59
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Table 6- Total solids productivity and volatile solids volatility

component Food waste +cow manure
Initial % Final % Reduction%
TS 34.56 16.75 17.81
VS 95.13 53.81 41.32
TSIVS 0.36 0.31 0.43
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Figure 11- Results of sample injection with gas chromatography
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Table 7- The calculated results obtained from the analysis of the energy of a 4-liter laboratory biogas reactor (FW/CM=1:1)
Input energy Energy content Output energy Energy content
kWh kWh
A mixture of food waste with cattle manure weighing 2kg 8.32 BIOGAS 4.97
Water consumption 2liters .0023 Enriched fertilizer 5.55
Energy Consumption Electric Mixer 0.6 Heat loss 1.26
Energy consumption of the electric heater 2.86
Input energy collection 11.78 Total output energy collection 11.78

S )80 b g dlone () all jloolinnl b 5Tsm (2955 6551 Oliae 095515 (5551 003k e e (sl

2o lp ol sl e Candt o Y (6550l es3l Jlaie (53955 sl il asgeze 5 295 e 3l o

C"L"’ W ..ml? Cewddy (6 b oe)‘lg cdiloauds ‘_g..\...ly )155.‘.» > u...;bs‘ u.cl.' as ‘d"""”" u—" o odsodlawl uL..S).'
ol ilos ST 5155 1, as,s £V g ¥ ool as ([YY] 5 [V ] &lye 5l oaslcwssas mli b awglie LB oo Jol>

AY



YWAA 50l cpg o )lads (uo05lgs Jlo o3l il g G g oidgh — sole 4 005

Bser w850 Fse slasss; 5 e slasilany 5150 (o jslmsa (i deily jsliiea; (3iios cnl 5o
Jgl al o s plowl al o 90 50 o talel G 55T, 6550 003l 5 hg0ste LaSLE (0ysliamsas 5 ol ads
adgi V) S 5 Cad ssslinsdy il Bub a5 conl (el 055 g ol wilewy XS] Ay (oS5 cond 8L (6l
Slailons 5 S5k (liord (509331 (25 V+) (LS jlade (09331 L ipgs al>po p3 0ls las 1) 5B g e 0 i
@l &5 b S0l oy B x> Ol Az 5 See ey 93,5 Sy 55l olS wiile (55,5l S
i | 0005 g w1+ 19) ke a8 b CLYEIE) ke e 51 o s 00 )55 lgo (sl oukal ey
yodlhe (93,5 Cawgy 50938l AT oy lis bl (pzmen oy Hlas el 055 5 olae wilawy Al YS! S 5w
5 dalyS man wnlb Job s o centi g J i bsle PH ot cse syl s o Gl
5 Jolo g e Jenily ol 55 (5915 255 L (2l (slailony aige bolse (sl )9551, (6551 025L jlade
alie BB alie slo,sisTy plo oojl b aS ol Cavsay 0o )3 BV ,5351) (695,5 slacss il 5o Sge byl )ly (6505051

ol a2l (o550 5 Laailany o5 285 e (i o0 oo (Sued (ols5 Sl osel Josas slaiales]
oo Ol oo s 3l 590 bl g pliws; Gble lp Jbn jBgm 1651, cole g Sk b oS col atay (55

=3 O#“'U ‘;’J’S'” 9 uj)‘)" ‘-é)l"""’ }l r°9| ‘) l‘”o‘ )L'-’ S0 63)3‘ “UL?)' ""’L""*"’ o O 4 SaS

&lw

1. F. Tasnim, D. Salma and A. R. Chowdhury, “Biogas production from anaerobic co- digestion of cow manure with
kitchen waste and Water Hyacinth,” Renewable Energy, 109, 2017, pp. 434-439.

2. A. S. Saravay, “The status of food waste in Iran,” the second conference of the Management and Waste Management
Organization, Iran, Tehran, 9 Feb., 2017. (in Persian)

3. U. Onthong and N. Juntarachat, “Evaluation of biogas production potential from RAW and processed Agricultural
Wastes USA Onthong Energy Procedia,” Energy Procedia, 138, 2017, pp. 205-210.

4. P. C.Chan, R. Toledo, H. Inlu, H. Shim, « Effect of Zinc Supplementation on Biogas Production and Short/ Long Chain
Fatty Acids Accumulation During Anaerobic Co-digestion of Food Waste and Domestic Wastewater,” Waste and
Biomass Valorization,” 10, No. 12, 2019, pp. 3885-3895.

5. O. V. Sankinaa, “Usage of Farm Animal Waste for Biogas Production, lopConfSeries,” Earth and Environmental
Science, 8, 2017, pp. 2-4.

6. M. Lochyn” ska and J. Frankowski, “The biogas production potential from silkworm waste,” Waste Management, 79,
2018, pp. 564-570.

7. N. Khayum, S. Anbarasu, S. Murugan, “Biogas potential from spent tea waste: A laboratory scale investigation of
codigestion with cow manure,” Energy, 24, 2018, pp. 2-6

8. M. Arshada and I. Bano, “Electricity generation from biogas of poultry waste: An assessment of potential and feasibility
in Pakistan,” Renewable and Sustainable Energy Reviews, 81, 2018, pp. 1241-1246

9. F. A. Lattieff, “A study of biogas production from date palm fruit wastes,” Journal of Cleaner Production, 139, 2016,
pp.- 1191-1195

10. A. E. Maragkaki, I. Vasileiadis, M. Fountoulakis and A. Kyriakou, “Improving biogas production from anaerobic co-
digestion of sewage sludge with a thermal dried mixture of food waste,” Cheese whey and olive mill wastewater journal,
8,2017,1-8

11. S. Achinas and V. Achinas, “A Technological Overview of Biogas Production from Biowaste,” Engineering, 3, 2017, pp.
299-307

12.J. U. Ahamed, M. F. Raiyan, M. D. S. Hossain, M. M. Rahman and B. Salam, “Production of biogas from anaerobic
digestion of poultry droppings and domestic waste using catalytic effect of silica gel,” International Journal of
Automotive and Mechanical Engineering, 15, 2016, 1-15.

13. N. Zhai, T. Zhang, D. Yin, G. Yang, “Effect of initial pH on anaerobic co-digestion of kitchen waste and cow manure,”
Waste Management, 6, 2015, pp. 1-6.

14. L. S. Clescerl, A. E. Greenberg, A. D. Eaton, Standard Methods for the Examination of Water and Wastewater, 20th
edition, Washington, DC, USA, 1998.

AD


https://link.springer.com/journal/12649
https://link.springer.com/journal/12649
https://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=Lenore+S.+Clescerl&text=Lenore+S.+Clescerl&sort=relevancerank&search-alias=books
https://www.amazon.com/s/ref=dp_byline_sr_book_2?ie=UTF8&field-author=Arnold+E.+Greenberg&text=Arnold+E.+Greenberg&sort=relevancerank&search-alias=books
https://www.amazon.com/s/ref=dp_byline_sr_book_3?ie=UTF8&field-author=Andrew+D.+Eaton&text=Andrew+D.+Eaton&sort=relevancerank&search-alias=books

15

16.
17.

18.

19.

20.

21.

22.
23.

@p)éw56ﬁlw‘wlﬁ‘°w‘&“’ SN S

. L. Dressa, S. Libsu, R. B. Chavan and D. Manaye, “Production of Biogas from Fruit and Vegetable Wastes Mixed with
Different Wastes,” Environment and Ecology Research, 7, 2015, pp. 65-71.

B. Claus and G. Sonnta, “Fundamentals of Thermodynamics,” Don Fowley, 850, 1976, pp. 20-25.

N. Eva, J. Holgersson, E. Thorin, M. Thomassen and J. Yan, “Energy Efficiency Evaluation of two Biogas Plants,”
Applied Energy, 15, 2011, pp. 1661-1674.

E. Parmlind, “Energy analysis of farm-based biogas plants in Sweden,” Faculty of Natural Resources and Agricultural
Sciences, 50, 2014, pp. 19-21.

M. Fallah Rad, “Principles of Biogas Production and Its Application,” Second International Fuel Consumption
Conference in Building, Iran, Tehran, March 6, 2002. (in Persian)

R. Hazi Nia, M. Almasi and J. Nasiri, “Investigation of the agitation rate of materials in anaerobic digestion of bhiogas,”
Seventh National Congress of Agricultural Machinery and Mechanization, University of Shiraz, September 16, 2012. (in
Persian)

www.eia.gov, Accessed 29 September 2018.

https://energypedia.info/wiki/Cooking_with_Dung, Accessed 21 December 2018.

A. P. Rosa and C. A. L. Chernicharo, “Assessing the potential of renewable energy sources (biogas and sludge) in a full-
scale UASB-based treatment plant Renewable Energy,” Renewable Energy, 124, 2018, pp. 21-26.

English Abstract

Energy analysis and experimental investigation on the effective parameters

to improve process for biogas production from food waste
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An experimental investigation has been done on the effective parameters of biogas production from the
mixture of food waste (FW), cow manure and organic additives. The samples of FW were collected from the
university restaurant and they have mixed with the cow manure (CM) with different ratios of (FW/CM) 1:1,
1:2, 1:3, and 3:1 in a one liter polymeric bottle. These bottles embedded in a hot water bath at a thermophilic
temperature of 55-60 °C in the period of 15 days and the volume of produced biogas was measured. The
results were shown that with the ratio of 1: 1 the highest volume of gas was collected (5 liters). Then 10
grams of chemical additive of silica gel and organic additives like rosemary plant, walnut shells, and banana
and tomato skin were added to the optimum selected ratio of digester. The produced biogas was increased
24.4%, 7.2%, 2.3%, 1.9% and 6.6% by volume respectively in compare with that of optimum based mixture.
During the digestion process, it was found the highest volume of biogas was collected when the pH of the
mixture was in neutral range (7) and the use of walnut shells resulted to pH stabilization in the process.
Measuring physical properties (total solids, volatile matter, moisture content, and ash content), for the
mixture of food waste and manure were shown the high capacity of food waste to convert to biogas based on
the laboratory experiments.

Keywords: Food waste, Biogas, Organic additives, Energy analysis
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