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Abstract: In College campus there are two messes of collage and school where large amount of food waste
generated .which can be used for production of biogas. The biogas released acts as an environmentally sustainable energy
source. The Establishment of biogas creates an organic processing facility to generate biogas which will be more cost
effective, eco-friendly and can be utilize for the renewable energy. In this research the production of biogas is done from
the kitchen food waste. The research study also deals with the amount of generation of biogas from kitchen food waste and
economical feasibility of biogas plant

IndexTerms— Biogas plant, Kitchen waste, feasibility analysis.

l. INTRODUCTION

Scarcity of petroleum and coal threatens the supply of fuel throughout the world also problem of their combustion leads to
research in different corners to get access the new sources of energy, like renewable energy resources. Solar energy, wind energy,
different thermal and hydro sources of energy, biogas are all renewable energy resources. But, biogas is distinct from other
renewable energies because of its characteristics of using, controlling and collecting organic wastes and at the same time
producing fertilizer and water for use in agricultural irrigation. Biogas does not have any geographical limitations nor does it
requires advanced technology for producing energy, also it is very simple to use and apply.!"!

Biogas contains 50 - 70% methane and 30 - 50% carbon dioxide along with small amounts of other gasesand typically has a
calorific value of 21 - 24 MJ/m3.Calorific value of kitchen waste is high and nutritive value to microbes. It means higher
efficiency and this reduces the reactor size and cost of biogas plant. This study was performed to find out the feasibility of
installation of a biogas plant in college campus.?

Literature Review

Carlos Rico in his analysis studied Batch trials were carried out to determine the methane potential yields of some typical organic
wastes generated in the region of Cantabria (Spain): cocoa shell, cheese whey and sledges from dairy industry. Anaerobic co-
digestion trials of these wastes with dairy manure were also investigated in batch at 35°C. Cheese whey obtained similar methane
yields than dairy manure, between 17.5 and 19.3 L CH4 kg—1 cheese whey compared with 18.0 L CH4 kg—1 manure. Methane
yields of various sludge samples collected from wastewater treatment facilities of dairy industries were influenced by its origin.
From his work he obtained result that the wastes tested constitute a good substrate for anaerobic co-digestion with dairy manure.
On the one hand, the management of these wastes would cease to be a problem. On the other hand, by means of anaerobic
digestion their resources could be recovered to produce biogas, contributing to reducing the dependence from fossil fuels. Liquid
and semi-liquid wastes from dairy industry showed methane potentials in the same range as dairy manure.!

Benjamin Blumenstein has studied in his survey rising global energy needs and limited fossil fuel reserves have led to increased
use of renewable energies. In Germany, this has entailed massive exploitation of agricultural biomass for biogas generation,
associated with unsustainable farming practices. Organic agriculture not only reduces negative environmental impacts, organic
farmers were also prime movers in anaerobic digestion (AD) in Germany. This study’s aim was to identify the structure,
development, and characteristics of biogas production associated with organic farming systems in order to estimate further
development, as well as energetic and associated agronomic potentials. Surveys were conducted among organic farms with AD
technology and conclude that analysis of current structures and development of organic biogas production was to better
understand tg? driving forces, constraints, and future role of a sustainable energy production through generation of electricity
from biogas.

Milan Koszel work shows that Functioning of an agricultural biogas plant is connected with generating large amounts of post-
digestion matter. After considering the physicochemical properties, the basic direction of digest ate utilization should be its use as
a fertilizer. A possibility of agricultural utilization of digestive as a fertilizer was investigated. Digestive obtained from an
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agricultural biogas plant was tested for the content of microelements and heavy metals. The content of macro elements in the soil
was also examined before and after digestive application.®

In the Case study of D Muthu he studied that the biogas find the best way solution to overcome the problem of waste generation
from hostels buildings and it also increases the potassium and phosphate content of the soil thus reduces the quantity of manure
used by establishment of biogas. [

Il. RESEARCH OBJECTIVES
The specific objectives of the research work are as described below,

1. Analysis of Biogas Production on small scale Biogas plant prototype.
2. To study college campus food waste potential with different feed for design of biogas plant.
3. Quantify waste management of college kitchen waste to study economical feasibility of biogas plant.

I11. RESEARCH METHODOLOGY

The feedstock is collected from the messes and transported to plant small scale prototype. The required quantity of feedstock and
water is mixed in the inlet tank and the slurry is discharged to the digester vessel for digestion. The gas produced through
methanogenesis by bacteria in the digester and gas is collected in the dome the generation of biogas for respective feed is obtained

EXPERIMENTAL WORK

Date Feed in Rise in Volume in Gas Generated in Average Gas
(gram) height in Cubic Meter Litre Generated in litre
meter

10/3/2018 250 0.106 0.018 18 20

11/3/2018 250 0.121 0.02 20

12/3/2018 250 0.131 0.022 22

13/3/2018 500 0.141 0023 23 25

14/3/2018 500 0.161 0.027 27

15/3/2018 500 0.151 0.025 25

16/3/2018 750 0.197 0.033 33 33.66

17/3/2018 750 0.202 0.034 34

18/3/2018 750 0.205 0.034 34

Table.1 Experimental Biogas Generation

IV. DESIGN BASED CALCULATIONM

Prototype,

Dome Height=0.54 m
Dome Diameter=0.46m

1 cubic meter = 1000 liter

For Cooked Food the Feed to water ratio is 1:3

[JRTI1804019 International Journal for Research Trends and Innovation (www.ijrti.org



© 2018 IJRTI | Volume 3, Issue 4 | ISSN: 2456-3315

And For Raw Vegetable Feed to water ratio is 1:1

[y« Digestrate Output

BioGas Plant FRP Unit Layout

Figure.1 Biogas plant FRP unit layout

For theoretical 1500 Kg Feed and 40 Day Retention time, the digester volume is 60 cubic meter.
0.750 kg Of Cooked kitchen waste feed produces 33.6 liter of gas and Required 0.090 of Digester.
Kitchen Waste available is 500 Kg then, it Produces 22.4 cubic meter of Gas and Required 60 cubic meter of digester.
The Gas Is Generated is half of 60 cubic meter means 30 cubic meter gas is generated in 24 hours.
Consider ratio is Of D to H is 2:1

The related parameters are defined as:

W = Weight of kitchen waste available per day (kg/day)

G = Gas production rate (m®/day)

Vs = Active slurry volume in the digester (m°)

Sp = Slurry displacement volume (m?)

H = height of the cylindrical portion of the digester up to the top edge of the inlet/outlet opening (m)
D = Diameter of the digester (m)

h = slurry displacement in the inlet and outlet tanks (m)

| ,b = length and breadth of the inlet and outlet tank (m)

1. Calculation of height (H) and diameter (D) of the digester

The relative values of height and diameter were calculated from the volume of the digester,

Vs= (3.14/4) *D* H

2. Slurry displacement inside the digester, (d)
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The selection of a suitable value of d depends upon gas usage pattern. Since cooking at SGI is usually done three times a day, 50%
of the gas to be produced in a day will be made available for one cooking span. But since there is a continuous production of gas
from the digester, the gas generated during cooking time should also be considered .The total cooking time is about 10 hours, the
variable gas storage volume (SD) is obtained from the equation: 4/24G + SD = 50/1 00G. By simplification, SD = 50/1 00G —
4/24G, SD = 0.333G. Then d is obtained from the equation, SD = n/4.D.d

3. Slurry displacement height (h) in the inlet and outlet tanks
The maximum pressure attained by the gas is equal to the pressure of the water (slurry) column above the lowest slurry level in the

inlet and out tanks. This pressure is usually selected to be 0.85m water gauge as a safe limit for brick/concrete dome type of
digester as the proposed design. Therefore,

h +d=0.85m.
4. Length (I) and breadth (b) of the inlet and outlet tanks

A rectangular shape of the cross section of the inlet and outlet tanks is taken and usually. L= 1.5b is selected. The cross section
areas are selected as identical hence

SD=2xIxbxh

5. Discharge height (h) is 52% of TOTAL HEIGHT

6. Wall thickness is approx 30 % of total b

7. Radius of dome (r) = H+h+d
PARAMETER Actual Values
“Vs” Active sluryvolums in the digestar (m”) 60 cubic matar
Digester D& H D=5.34m
Ratio DH=2 H=2.6"Tm
“SD" Slurry displacement volume (m’) 1.86cubic matar
Slurry displacsment insids the digaster, (d) 0443m
“h” Shurry displacemant height (h) in the inlet and outlet tanks 0.40m
“b” braadth (b) oftha inlat and outlat tanks 1.24m
“1" Langth (1) of the inlet and outlet tanks 1.86m
Dischargs height insids Digastar 1.29304m
Wall thicknass 0.363m
Dome radius 3.516m

Table 2. Design dimensional values of Biogas plants

V. DESIGN LAYOUT WITH CALCULATED DIMENSIONS
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Figure 2. Design layout of Biogas Plant

VI. ECONOMICAL ANALYSISE®!

Material selection for the proposed fixed dome digester: - The methods of estimation of basic raw materials like cement, sand,
brick and steel was made for items like concreting, brickwork and plastering. Concreting is required at the digester bottom and at
the base of inlet and outlets tanks. The foundations are taken as 0.5m thick. For the construction of the bio-digester the quantity of
material varies according to the type and size of the unit. Estimate of various sizes of biogas digester obtained from shivsadan.
From the information on data in the table, an estimate and cost of a 60m3 digester.

Item Quantity per given sizes Item Quantity per given sizes
4m’ 6m’ 8m’ 10m’  12m’  |60m® |Cost/Uni 4m’ 6m’ 8m’ 10m’  |12m’  |60m® |CostUni
Cement |14 17 20 24 27 144 700 = slbow 4] 1 1 1 1 1 400
50kg bazs \ o inchas
45"
Sand  in|3 5 [3 7 7 42 2000 Nals -~ 3y 1 1 1 1 1 150
ton inches in|
Kz's
Graval in|1 2 3 4 4 17 1300 Nals 4 1 1 1 1 1 180
ton inchss in
Kg's
Machin=d| 180 200 250 300 420 1550 30 Dudng: T 2 2 2 2 2 120
cut wire in
stonss Kz's
6%9 fird| 150 200 300 350 400 1520 5 _|2000 4000 5000 5000 5000 30000
bricks Excavati
ieces on
Rowmd 13 3 3 3 3 18 450 1 2 2 2 2 2 500
bars 3/8”
(RS8) Plywood
Rouné |3 3 4 4 4 24 250 Water 13 5 5 7 10 38 200
bars 1/47 proof
(R6) additive
1 1 1 1 1 1 630 - 1 1 1 1 1 1 1200
PVC pipe) Galvaniza
4 inches d pipe
Manual  |3000 6000 6000 6000 8000 36000 [300
labour
Plumbing 4000 4000 4000  |4000 4000 4000
Technwcall 13000 20000 [25000 30000 [35000 [180007
fzz ( Ksh)
Cost 56,400 |68,610 [75.800 [101,070 [110.660 |606.420
Ksh)

Table 3. Material selection for the proposed fixed dome digester

VII. RESULT AND DISCUSSION
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The total initial investment of project is Rs 606420

In general basis 1 m3 of biogas is equal to 0.45kg of LPG Therefore one LPG cylinder is replace by 32 cubic meters of biogas®

Biogas in cubic LPG gas in kg
meter

1 0.45

32 14.4

Table 4. Biogas to LPG Gas Replacement Table

1. The net benefit from proposed project is Rs 162000 per year with consideration of manure and replacement of LPG gas.
Internal rate of return of project with consideration of replacement of LPG gas cylinder and manure is 3.7 year as shown in figure.

Interest rate PV Of 1 Rs Time Expences Income Net income PV of income cummulative balance

% multiplier year In Rupee InRupee InRupee In Rupee In Rupee
o 1 o 600000 o - 600000 600000 - 600000
6 0.943396226 1 1000 162000 161000 151887 -448113
6 0.88999644 2 1000 162000 161000 143289 -304824
6 0.839619283 3 1000 162000 161000 135179 -169645
6 0.792093663 a 1000 162000 161000 127527 -42118
6 0.747258173 S 1000 162000 161000 120309 78191
6 0.70496054 6 1000 162000 161000 113499 191689
6 0.665057114 7 1000 162000 161000 107074 298763
6 0.627412371 8 1000 162000 161000 101013 399777
L] 0.591898464 9 1000 162000 161000 95296 495072
6 0.558394777 10 1000 162000 161000 89902 584974
6 0.526787525 11 1000 162000 161000 84813 669787
6 0.496969364 12 1000 162000 161000 80012 749799
o 0.4688395022 13 1000 162000 161000 75483 825282
6 0.442300964 14 1000 162000 161000 71210 896492
6 0.417265061 15 1000 162000 161000 67180 963672

1200000
1000000

800000 +

600000
400000
= cummulative balance
200000
-l ‘ i l ® PVof income
|Ill 10 11 12 13 14 15
-200000

-400000

o

-600000

-800000 -

Table 5. - Economical analysis with consideration of manure and Gas generation

2. The benefit of Project without consideration of manure is Rs 144000 per year. Internal rate of return of project with
Consideration of replacement of LPG gas cylinder and without consideration of manure is 4.2 year shown in figure.
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Interest rate PV Of 1 Rs Time Expences Income Netincome PV of income cummulative balance
% multiplier year in Rupee InRupee InRupee In R In Rupee

6 1 0 600000 0 -600000 -600000
6 0.943396226 1 1000 144000 143000 -465094
6 0.88939644 2 1000 144000 143000 -337825
6 0.839619283 3 1000 144000 143000 -217759
6 0.792093663 4 1000 144000 143000 -104430
6 0.747258173 5 1000 144000 143000 2368
6 0.70496054 6 1000 144000 143000 103177
6 0.665057114 7 1000 144000 143000 198281
6 0.627412371 8 1000 144000 143000 288001
6 0.591898464 9 1000 144000 143000 372642
6 0.558384777 10 1000 144000 143000 79850 452492
6 0.526787525 11 1000 144000 143000 75331 527823
6 0.496969364 12 1000 134000 142000 71067 598890
6 0.468839022 13 1000 144000 143000 67044 665934
6 0.442300564 14 1000 144000 143000 63249 729183
6 0.417265061 15 1000 144000 143000 59669 788852
1000000
800000

o

9 10 11 12 13 14 15

600000 +
400000 1
200000 L L l = cummulative balance
- I I!| l. - d mpVof income
l S 6 7 8
200000
-400000 1

-600000

-800000

Table 6. Economical analysis with consideration of Gas generation.

VIIl. CONCLUSION

The effective and clean waste management of collage food court kitchen waste is done by establishment of biogas plant in college
campus area and solution is developing by studying the economical measures and gas production per day.
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