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Abstract: In this paper, we discussed the potential of biogas in the food waste from The Glocal University mess kitchen. 

For this purpose, food waste from mess kitchen was analysed for TS and VS using hot air oven, desiccator and muffle 

furnace. The University mess kitchen produces approximately 130kg of food waste on daily basis which has a 35.33m
3
 

biogas potential. Apart from that we discussed some applications of biogas pertaining to the university scenario such as 

cooling/chilling, cooking and electricity generation/lighting. Finally, we compared the economic feasibility of these 

applications using the concept of net present value(NPV) and came to the conclusion that use of biogas for cooking 

purpose is the best option among these three applications from economic point of view.  
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I. INTRODUCTION  

India is the world’s fastest growing economy which is 

being seen as the market full of opportunities. Hotel and 

restaurant industry is booming in India which leads to 

more food waste. Furthermore, Universities and college 

hostels support a large number of students; therefore a 

significant amount of food waste is generated there too, 

unfortunately. In most of the cities and places in India, 

kitchen food waste is deposed in landfills or discarded in 

the open which seeds many diseases and causes severe 

environmental pollution. By converting the food waste in 

fuel, biogas that can be used to fulfil India’s growing 

energy demand. Methane, a prime biogas integrant, is a 

valuable renewable energy source; however a greenhouse 

gas if allowed to enter into the atmosphere. A large 

fraction of co2 globally comes from the burning of fossil 

fuels in transport and energy section. A significant amount 

of co2 that emitted in the atmosphere can be reduced by 

switching to biogas and other renewable energy resources 

in energy and transport sector.   

II. LITERATURE SURVEY  

[1] reviewed the bioconversion of food waste in energy 

such as biodiesel, ethanol, biogas and hydrogen and 

concluded that conversion of waste in biogas is low cost 

with minimal leftover waste and its use as sustainable 

energy source.  [2],[3]concluded that food waste is highly 

desirable feed stock for biogas generation by anaerobic 

digestion as the content of methane in produced biogas is 

high, 73%.[4],[5],[6] Some of the methods already being 

practised for the treatment of food waste are composting, 

landfill deposition and anaerobic digestion, to name a few. 

However, Anaerobic digestion is a much more lucrative 

method as it can recover the biogas thereby generating 

renewable energy, which in turn saves nature from toxic 

gas emissions and leftover nutrient-rich has potential to be 

used as fertilizer.[7] Production of biogas from food waste 

offer an excellent environmental benefit as it decreases the 

greenhouse gas emission by 119% if manure is used as 

fertilizer.   

[8]Biogas, a source of renewable energy, can fulfil 

increasing demand of the world energy along with 

reduction of waste and greenhouse emission. Biogas is 

considered a carbon free energy source as the carbon in the 

biogas comes from organic material (feedstock) which 

absorbs this carbon from atmospheric CO2 over a relatively 

small time period. [8],[2],[5],[7] Biogas mainly comprises 

of methane (55-73%), carbon dioxide (15-40%), including 

some contaminants such as ammonia (0-200ppm), nitrogen 

(<1%), carbon monoxide (0-3%), volatile organic 
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compounds, hydrogen sulphide (10-2000ppm) and water 

vapours (1-5%). [9] Biogas potential and proportion, 

expressed in % by volume, of each constituent of biogas 

depends upon the composition and biodegradability (under 

anaerobic conditions) of waste.[8], [3],[10],[11] Main 

sources of the biogas include food waste, sewage sludge, 

crops, municipality waste, industrial waste, animal manure  

and fruit and vegetables waste.[12] discussed various 

operations and properties of biogas to increase the total 

biogas yield upto 90% using different treatment methods. 

[13],[5] Generally, raw biogas has a low calorific value, 

20-23 MJ/m
3
 which can be increased to 36 MJ/m

3
 by 

increasing the concentration of methane by removing 

carbon di-oxide and other contaminants from raw biogas. 

[8],[13] discussed disparate methods used for amelioration 

of biogas by removing various contaminants from raw 

biogas and concluded that by employing scrubbing process 

biogas with at least 95% purity can be obtained while [5] 

concluded that biogas enrichment technologies like 

membrane and cryogenic are not prudent, so new 

approaches need to be made and investigated for biogas 

utilization. 

[14] discussed a laboratory method to analyse the methane 

potential of organic waste expressed as volatile solids (VS) 

in terms of STP ml CH4 per gram of waste. [4] discussed 

four techniques of biogas prediction namely-ultimate 

analysis, ADM1, yield from molecular formula, and a 

literature review of experimentally determined biogas 

yield, their advantages and disadvantages.[15] discussed 

anaerobic digestion model1 (ADM1) for prediction of 

biogas production. [16] did a reliability comparison of 

different models which were in use for determining 

biochemical methane potential (BMP) of different plant 

biomasses. A multispecies dataset was used and it was 

concluded that near infrared based models are more 

reliable than chemical compositions.[17] used PROII 

software for the estimation of methane production rate. 

[18] discussed a regression based predictive method for 

biogas yield from kitchen food waste. [19] Proposed that 

the substrate characterisation should be rigorous when 

used with ADM1 in order to properly facilitate and 

simulate the anaerobic digestion of organic waste. This put 

forward method makes use of data obtained from methane 

production during laboratory experiments and direct 

substrate analysis. [3] reviewed different methods, both 

theoretical and experimental (figure 1), of biogas 

prediction and concluded that all the methods are based on 

the same principles, but the technical approach 

implemented and the experimental setup used may vary 

from one another. [20]  studied biogas production from 

different kinds of waste materials, and their effects on 

plants using both digested and undigested sludge as 

fertilizer. It was concluded in the study that the nature of 

the substrate played a significant role in the production of 

Biogas and the quality of fertilizer obtained. 

 

Figure 1: Classification of BMP prediction methods adopted from[3] 

[21] did a study in three villages on how effectively biogas 

can be utilized to generate electric power and its role in 

rural lighting/industrial applications and found that the 

scope and viability of biogas for lighting and industrial 

application is immense and payback period is less than a 

year after government subsidies.[22]discussed the use of 

biogas as an alternative fuel, to reduce environmental harm 

and save the hydrocarbon, along with diesel in bi-fuel 

engines and concluded that use of biogas helps in 

reduction of NOx and smoke emissions.  

[23] did a study on the disposal methods used for typically 

large amounts of digestates in an environment friendly and 

economical way, its economic performance, based on NPV 

and IRR, of anaerobic digestion of a given biogas plant. 

[24]discussed the use of biogas for cooking application 

and determined the fuelling efficiency of Biogas 

(anaerobic digestion) as a fuel in comparison to burning 

wood. It was expressed by evaluating the production costs 

involved, its environmental impacts, techno-economic 

analysis (TEA) and life cycle assessment (LCA).Also, they 

concluded that Co2 emission is highest at 1.29kg per 

meal/family for India. [25]reviews various technologies 

available that use renewable energy for producing cooling 

effect, and compared the performance and potential of 

these cooling generating technologies in providing 

sustainable development. [26] simulated and analysed a 

biogas operated double effect ammonia-water based 

vapour absorption refrigeration system and concluded that 

system perform better when generator temperature are kept 

low for any fixed evaporator pressure. [27] discussed the 

use of bio-chillers in the development of rural India, and 

argued that this technology could play key role in the 

development of dairy sector. They also concluded that 

technologies to generate refrigeration effect from biogas 

seems to be innovative and has immense potential, 

however serious efforts need to be put in research, 

development and making the technology available to the 

masses. [28] reviewed various hybrid air-conditioning and 

refrigeration systems, and designed & developed a hybrid 

air-conditioning system (vapour compression-vapour 

absorption) and performed its techno economic analysis. 
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III. MATERIAL & METHOD  

3.1 Method 
Molecular formula method, a theoretical method, for the 

prediction of biogas is the method which breakdown the 

food in its biodegradable elemental compositions such as 

carbohydrates, proteins, lipid and inadequate 

biodegradable compounds like fibre. [4]an amalgamated 

kitchen waste contains carbohydrates, protein and lipid 

with a concentration of 59%, 33% and 8%, respectively. 

[29]Out of these compounds, carbohydrates give the least 

amount of methane (415Nm
3
 /tVS), while lipids 

contribute to largest methane generation (1014Nm
3
/tVS). 

Contribution in methane generation from proteins is just 

above the contribution from carbohydrates, and stands at 

496Nm
3 

/tVS. [30]following equation can be used to 

calculate the maximum yield of bio methane in m
3
 per 

day. 

(BMP) theoretical = 

 

                            
           (1) 

 

Where, 

c - % of carbohydrates 

p - % of proteins 

l -% of lipids 

TVS - total volatile solids in kg per day 

 tVS - Ton of volatile solids 

3.1.1 Total solids 

Total solids include organic solids (volatilize during 

combustion) and Inorganic solids (do not volatilize during 

combustion).  Total solids in percentage (TS (%)) is given 

by the equation 

 
       

      

      
     

(2) 

Where, 

W – Weight of dish 

W1 - weight of dried residue and dish 

W2 – Weight of wet sample and dish 

3.1.2 Volatile solids 

Those solids that are Organic and will thus volatilize 

during combustion. Volatile solids as percentage (VS (%)) 

is given by the equation 

 
       

       

      
     

(3) 

Where, 

W – Weight of dish 

W1 - weight of dried residue and dish 

W3 – Weight residue and dish after ignition 

Waste food samples, up to 50 gm, were collected from the 

mess kitchen for four different days and sorted out. Each 

sample was analysed for total solids and volatile solids on 

the very next day using hot air oven and muffle furnace, 

respectively. [31]heating temperature of sample in hot air 

oven for the determination of TS is 105
°
C; however time 

of heating is not standard. For the determination of VS, 

Sample after taking out from hot air oven is cooled down 

to room temperature using desiccator and then heated in 

muffle furnace for 1 hour at 550
 °

C. However, if we 

change this temperature then time of heating has to be 

changed in the same proportion. 

3.2 Material  

Kitchen mess waste is the feedstock for biogas potential in 

this case. Firstly, food samples were collected from the 

dining hall waste collection containers. Apart from sample 

collection, we need to measure total food waste in a day to 

calculate total biogas potential from the food waste. Since, 

different food is served on different days of week; 

therefore, collection of food samples has to be done for 

four different days.  

Total number of 

students(Boys 

hostel) 

Total food waste (kg) 

 

400 

day1 Day2 Day3 Day4 

135 140 120 125 
Table 1: Table represents total food waste on four different days 

IV. CALCULATION 

Table (2)2 represents results of the experiments i.e. total 

solids (TS) and volatile solid (VS) in food samples, 

followed by calculations performed related to 

determination of potential of biogas in food waste. 

Obtained methane potential is an average potential since 

average TS and VS are being used. Ultimately, potential 

(by volume, m
3
) of biogas in the food waste is estimated 

by taking the average methane content (at 60%) in the raw 

biogas. To calculate energy per day from biogas, calorific 

value of biogas is taken as 20 MJ/ m
3.

 

  

Total solids (average) per day = 36.71% 

Total volatile solid (average) per day = 89.65 

Food waste (average) per day = 130 kg 

Total volatile solid per day = 130*.8965*.3671  

=43kg per day 

From equation (1)111 

 (BMP) theoretical = (415*43*0.59+496*0.33*43 

+1014*0.08*43)/1000 

   = 21.1 m
3
 per day 
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Boys Hostel 
Da

y1 

Da

y2 

Da

y3 

Da

y4 

 

Weight of 

 the 

 empty dish 

 in (grams) 
 

 

56.

47 

 

15.

19 

 

72.

73 

 

63.

16 

 

Weight of 

 sample + dish  

in (grams) 
 

 

106

.47 

 

30.

23 

 

97.

90 

 

90.

0 

 

Weight of  

sample + dish  in (grams) 

(after 6 hr. 

 at 1050C) 

 

75.

23 

 

20.

66 

 

81.

95 

 

72.

92 

 

 

Weight of 

 sample + dish 

 in (grams) 

(after ignition  

at 5500C) 

 

57.

18 

 

15.

45 

 

74.

36 

 

64.

66 

 

Total 

 Solids (% )  
 

 

37.

51 

 

36.

33 

 

36.

64 

 

36.

36 

 

Volatile  

Solid ( % ) 
 

 

96.

21 

 

95.

44 

 

82.

31 

 

84.

66 
Table 2: Table showing TS and VS in different food samples 

Since, % of methane in the biogas is typically 55-73% 

(assuming 60%) then biogas produced per day = 21.1/0.6 

= 35.33 m
3 
per day. 

Energy potential per day = 35.33*20  

       = 706.6 MJ per day  

       = 8.2 kW per day 

V. BIOGAS APPLICATIONS 

In literature, a number of applications of biogas have been 

discussed ranging from heating, cooling, cooking, 

electricity generation/lighting to vehicular fuel. [22]some 

of the applications use raw biogas, biogas with low 

methane content, whiles some applications such as 

vehicular fuel need purified biogas gas. Out of these 

applications, we have considered only three applications 

namely-Cooking, electricity generation (lighting) and 

cooling (chilling) for their economic comparison, which 

are relevant and easy to implement without purification of 

biogas in the university campus. 

5.1 Cooling 

Air-conditioning and refrigeration systems swallow a large 

amount of electricity and cause peak loads on grids, 

especially during summers. Therefore, it is vital to find 

alternative power sources to produce refrigeration effect to 

reduce grid load, large electricity bills and reduce the 

effect of cooling on environment. Based on form of 

energy, biogas refrigeration (chilling) technologies can be 

classified into two main categories- bio-thermal 

refrigeration and bio-electric refrigeration. The bio-electric 

refrigeration system consist of compressor based cooling 

unit and electric generator that runs on biogas. On the 

other hand, bio-thermal based refrigeration system employ 

heat generated from the burning of biogas to produce 

refrigeration effect. Bio-thermal based refrigeration 

systems possess the unequal capacity to convert thermal 

energy directly in cooling power.  

5.2 Cooking 

Use of biogas for the cooking purpose can be appreciated 

by the fact that it provides an economical way of cooking 

and can help university to be self-reliance in the field of 

cooking fuel. Furthermore, biogas caters unique set of 

benefits such as health improvement of users, waste 

management and a source of sustainable energy. To 

replace LPG with biogas in mess kitchen compels us to 

either retrofit existing cooking stoves or buy new cooking 

stoves and accessories which lead to extra financial 

burden. One of the advantaged of using biogas for cooking 

purpose is that transportation cost can be saved by 

constructing biogas plant in vicinity of mess as source and 

end user of biogas is mess kitchen.[32] mentioned that use 

of biogas for cooking purpose is best mean being explored 

in rural areas of developing countries, and listed the factors 

that hamper the use of conventional butane or propane 

stoves as biogas stoves.  [33] did a study on the economic 

feasibility of a biogas plant when produced biogas is used 

for cooking purpose. 

5.3 Electricity generation  

Decentralized production of electricity from biogas not 

only reduces our dependency on grid supply, but also 

provides energy security and helps to reduce emission of 

greenhouse gases as major portion of electricity in India is 

produced using fossil fuel. Use of biogas for electricity 

generation is a mature and reliable technology. 

[34]generally, micro gas turbines and gas Otto motors are 

used to produce electricity from biogas which requires a 

minimum of 45% methane in biogas for proper operations.   

VI. ECONOMIC ANALYSIS 

The economic analysis was done to find out the relative 

economic viability of the applications of biogas using the 

concept of net present value (NPV). [35]The NPV is 

described as the difference between the present value of 

cash inflow and present value of cash outflow, and is given 

by  

 

NPV ∑
 t

 1+r t
- 

T

t 1

 

 

(4) 

   

Where, 

    -  Net cash inflow during the period t 

C - Total initial investment 
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r - Discount rate 

 t - Number of periods(years). 

If NPV<0, project is not economically viable 

If NPV> 0, project is economically viable  

The Payback period is the time duration required to 

recover amount of money invested in a project. The 

payback period is given by  

 
Payback period   

Initial Investment

 nnual cash inflow
 

(5) 

   

6.1 Biogas use for electricity generation/lighting 

 Electricity generated = 8.2*0.4 kW 

(Generator efficiency = 40%) 

=3.24kW from 35.33 m
3 
of Biogas 

Electric load from 1 room = 1 fan + 2 tube lights 

= 75 W + 2 * 20  

 = 115 W 

Now, 3.24 kW = 3240 W 

3240/115 ≈ 28 rooms 

Therefore, we can see that it can provide backup for 28 

rooms 

Now if it is utilized for lightning in engineering block 

classrooms 

Electric load from 1 classroom   4 fans + 8 FL’s  

     = 4 * 75 + 8 * 20  

        = 460 W 

So, 3240/460 = 7 rooms can be run on the electricity 

produced from the biogas.  

Electricity saved per year = 3.24*24*270 units/year = 

20995kwh/year. 

 Therefore, money saved   20995*5  ₹104976/year (₹5/ 

kW-hr) 

Costs 

Biogas plant  

construction (40m3) 

₹3,40,000 

Cost of a Biogas 

 Generator (10 kW) 

₹ 80,000 

Operation and 

 maintenance cost 

 per year 

(Plant operator  

+ maintenance @ 

 2% of the  

initial investment) 

₹1,20,000+₹8400 

 ₹128400 

Operation and 

 maintenance cost(20 years) 

₹25,68,000 

Total cost(20 years) ₹29,88,000 

Benefits 

Electricity units 

 saved per year  

20995kWh/year 

Money saved  

per year 

₹104976 

Total manure  

produce per year  

4277 kg 

Money generated by selling 

manure 

(₹3/kg) 

₹12831 

Total benefits `₹117807/year 

Table 3: Total costs and benefits from use of biogas for electricity 

generation 

From equation (4) 

Net present Value (taking project life 20 years and 

discount rate as 12%) 

NPV ∑
117807

 1+0.12 t
-548400

20

t 1

 

= ₹527007 

From equation (5) 

Payback period 
548400

117807
 

= 4.6 years 

6. 2 Biogas use for Cooking 

Amount of Biogas yield per day = 35.33m
3
/day 

[21]1 m
3 

of Biogas is equivalent to 0.45kg of LPG, 

therefore equivalent LPG yield per day = 0.45*35.33 = 

15.9 kg/day.  

 Equivalent LPG yield per year = 15.9*270 = 4293kg/year. 

Number of LPG cylinders produce = 4293/14.2 

 = 302 cylinders/year 

(LPG cylinder price = ₹752) 

Amount of money saved per year = 302*752 = 

₹227104/year 

Costs 

Biogas plant 

 construction(40m3) 

₹3,40,000 

Cost of retrofitting /  

new stoves for cooking 

6*₹1900 ₹11400 

Operation and  

maintenance cost 

 per year 

(plant operator 

 + maintenance @ 

 2% of initial investment ) 

₹1,20,000+₹7028 

 ₹127028 

Operation and 

 maintenance cost(20 years) 

₹25,40,560 

Total cost(20 years) ₹28,91,960 

Benefits 

Equivalent LPG  

cylinders saved per year 

302/year 

Money saved per year ₹227104 

Total manure produce per year  4277 kg 
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Money generated by 

 selling manure 

(manure selling price=₹3/kg) 

₹12831 

Total benefits `₹239935/year 

Table 4: Total costs and benefits from use of biogas for cooking 

From equation (4) 

Net present Value (taking project life 20 years and 

discount rate as 12%) 

NPV ∑
239935

 1+0.12 t
-478428

20

t 1

 

  ₹1711830 

From equation (5) 

Payback period 
478428

239935
 

= 2 years 

6. 3 Biogas use for Colling/chilling 

COP( coefficient of performance) of single effect vapour 

absorption system = 0.6-0.7  

(Let’s assume   0.64)  

 COP = Cooling effect / Heat input  

0.64 = Cooling effect / 8.2kW  

 Cooling effect = 8.2*0.64  

= 5.248 kW  

= 1.5 TR (ton of refrigeration) can be produced from the 

Biogas output.  

Assuming CoP of vapour compression refrigeration cycle 

(VCRS) = 2,  
1
Therefore energy saved by VCRS while producing 1.5 TR 

cooling = 5.24/2 

=2.62 kW. 

Therefore, electricity units saved per year =2.62*24*270 

units/year= 16977kWh/year. 

Therefore, money saved   16977*5  ₹84888/year. 

(Electricity price = ₹5/kW-hr) 

Costs 

Biogas plant  

construction(40m3) 

₹3,40,000 

Chiller cost ₹ 70,000 

Operation and maintenance 

 cost per year 

(plant operator + maintenance 

 @ 2% of the initial 

 investment) 

₹1,20,000+₹8200 

 ₹1,28,200 

Operation and  

maintenance cost(20 years) 

₹25,64,000 

                                                      
1
 Since, VARS does not use electricity rather uses heat, a lower form of 

energy, so direct determination of electricity units saved by VARS is 
difficult to find out. However, by using the values of CoP and Cooling 

effect (Ton of refrigeration), it is possible to determine the electricity 

saved by VARS by replacing it with VCRS, therefore money saved per 
year. 

Total cost(20 years) ₹29,74,000 

Benefits 

Electricity units saved 

 per year  

26568kwh/year 

Money saved per year ₹84888 

Total manure produce per year  4277 kg 

Money generated  

by selling manure 

(manure selling price ₹3/kg) 

₹12831 

Total benefits ₹97,718`/year 

Table 5: Total costs and benefits from use of biogas for cooling 

From equation (4) 

Net present Value (taking project life 20 years and 

discount rate as 12%) 

NPV ∑
97718

 1+0.12 t
-538200

20

t 1

 

  ₹ 353823 

From equation (5) 

Payback period 
538200

97718
 

= 5.5 years 

VII. RESULTS & DISCUSSIONS 

On an average the TS and VS in food samples are 36.71% 

and 89.65% respectively, and biogas potential from food 

waste stands at 33.35 m
3
 per day. All three applications of 

biogas have NPV greater than zero, for given project life, 

which alludes that all applications are economically viable. 

However, from tables 3, table 4 and table 5 it can be seen 

that utilization of biogas for cooking purpose proves to be 

most viable option as it has highest NPV value and lowest 

payback period while use of biogas for cooling is most 

undesirable alternative to be implemented here as it has 

largest payback period 

 

Table 6: NPV and payback period for different applications 

Application NPV Payback 

period(in 

years) 

Cooking ₹1711830 2 

Electricity 

generation 

₹353823 4.6 

Cooling/Chilling ₹527007 5.5 
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Figure 2: Line graph representing NPV vs time (year) graph 

From the figue2 it can be seen that different applications of 

biogas are economically feasible after different periods of 

time. Cooking become economically viable after 2 years of 

implementation, while electricity generation and cooling 

applications becomes viable after 4.6 years and 5.5 years, 

respectively. 

VIII. CONCLUSION 

Mess kitchen food waste offers an excellent opportunity to 

be utilized as source of biogas production. Out of three 

applications explored for the use of biogas, use of biogas 

for cooking purpose is most suitable alternative as it has 

lowest payback period and highest net present value 

(NPV). It is very much clear that by utilizing food waste 

for biogas production, The Glocal University can fulfil 70-

80% (mess kitchen consumes approximately 22 kg of LPG 

daily) of its cooking energy needs using in house produced 

biogas This could be a starting point in the long process of 

attaining self-sufficiency through renewable sources of 

energy and fulfilling its energy demand via renewable 

energy. 
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