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Abstract - This paper presents the result of the study, which involves the evaluation of various composting techniques in 
winter season. In the present paper three composting techniques are taken for comparative analysis that are 
Vermicomposting, Bin composting and Windrows composting. 20 % saw dust is used as a bulking agent in three of the 
composting techniques. Various parameters such as temperature, pH, Moisture content and electrical conductivity is 
analyzed during the composting period. Quality of compost is assessed with the different micronutrients, macronutrient and 
heavy metals. From the study, it is concluded that vermicomposting produce acceptable quality of compost. 
 
 
I. INTRODUCTION 
 
Management of solid wastes is one of the critical 
issues for the urban areas of developed and 
developing countries, since rapid growth of 
population in urban area is taking place due to 
migration of rural population in search of better 
livelihood [1].The waste disposal problems can be 
reduced by waste minimization, reuse and recycling 
of its components and converting the organic 
components of the waste into a valuable product and 
reused without adversely affecting the 
environment[2] .Composting is an economic and 
sustainable option for organic waste management as 
it is comparatively easy to manage properly to 
produce a good quality product. It is a technique 
which facilities mass reduction of waste resulting in 
its stabilization [3].There are two fundamental types 
of composting i.e. aerobic composting and anaerobic 
composting. Aerobic composting is a that type of 
composting  which involves the decomposition of 
organic matters  in presence of oxygen and produces 
a product like CO2, NH3, water and heat. Anaerobic 
composting is a that type of composting in which the 
decomposition of organic matters take place in the 
absence of oxygen and the product formed is CH4, 
CO2, NH3 and trace amounts of other gases and 
organic acids. The duration of composting process 
will depends upon the materials which is being 
composted. At the start of the composting process the 
pH of the composted material decreases due to the 
formation of organic acid during degradation. In the 
second stage of composting process proteins starts 
degrading resulting into the libration of ammonia and 
increase in pH. Once the easily degraded matter is 
consumed, hard to degrade materials like cellulose, 
hemicellulose and lignin are degraded and 
transformed into humic acid, fulvic acid and phenolic 
intermediate metabolites [4]. The rate of microbial 
activity or degradation in the composting mass 
depends on certain important physical and chemical 
factors which should be considered in the design and 
operation of a composting process [5]. The C:N ratio 
of 25- 35 is generally considered optimum [6]. 
Moisture content of 60–70% is generally considered 
ideal to start with. At later stages of decomposition, 
the ideal moisture content may be 50–60%. Moisture 

management requires a balance between microbial 
activity and oxygen supply [7].The range of pH 
values suitable for bacterial development is 6.0–7.5, 
while fungi prefers an environment in the range of pH 
5.5–8.0 [8].For the effective composting temperature 
of 55 to 60 °C should be maintained up to three days 
[6].Large size particles reduce surface area for 
microbial attack which slows down or may stop 
composting process altogether [9].A particle size of 5 
cm is appropriate for heaps employed to natural air 
flow, while 10 mm size is suitable for the composting 
systems having forced air supply [6]. 
 
II. Objective of the study  
 
The present study aims at finding out the most 
suitable composting technique in a hilly area during 
winter season. 
1. Characterization of solid waste generated at NIT 

Hamirpur campus. 
2. Observations at garbage composting unit for 

different Environmental parameters (pH, 
temperature, moisture content, EC). 

3. Laboratory testing of compost to check the 
quality of compost. 

 
III. MATERIAL AND METHODS  
 
3.1 Waste collection and waste Characterization: 
The waste was collected from the NIT Hamirpur, 
Himanchal Pradesh, India. On an average 4 - 4.5 ton 
of solid waste is received by plant, out of which 50% 
is biodegradable in nature. The biodegrable waste is 
segregated from the lot and is composted.50 kg 
sample of biodegradable waste is used for three of the 
composting process. 
 

Table 1: Initial Characteristics of garbage waste sample 
Parameter  value 
C/N  28 
Moisture content 68.22% 
pH 6.5 
Temperature  25° 
Total conductivity 2.67 ds/m 
 
All the Experiments were performed in accordance 
with Draft Indian standard municipal solid waste 
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compost. Manure grade – specification ics No. 
13.030.10, 65.080. 
 
3.2 Experimental procedure  
For the study three type of composting process has 
been carried out. 
 
3.2.1 Vermicomposting: vermicomposting is done in 
atrench of dimensions (2.5m x 1m x 1m). Brown 
grass (20 cm) is used as a bedding material for the 
composting. Saw dust is used as a bulking agent in 
order to maintain Initial C/N ratio. The area of 
vermicompost is covered with the jute bag in order to 
maintain the adequate temperature during composting 
process. The microorganism used for the 
vermicomposting is Eisenia fitida.These worms are 
widely used for the vermicomposting and waste 
reduction. These species can work in wide ranges of 
temperature and moisture content.  
 
3.2.2 Bin composting: Bin composting is carried out 
in a container of volume 0.1461 m3 and height 0.6. 
Holes of size 0.5 inch is provide in the bin at an 
interval of 3 inch for the proper ventilation. The top 
surface of the bin is covered with the plastic lid 
having whole in it. Garbage waste is turned 
periodically in order to minimize the anaerobic 
condition in the bin. During the composting process 
various parameters such as pH, Moisture 
content,Temperature,and Electrical conductivity were 
observed. 
3.2.3 Windrows composting: Dimension of 
windrow composting is 1m x 0.7 m x 0.4m .Turning 
of the waste is done twice a  week .Moisture content 
of the waste is adjusted around 50 to 60 %.Initial C/N 
ratio of the compost is around 28. 20% of bulking 
agent (saw dust) is used and 80 % garbage compost 

 
IV. RESULTS AND DISCUSSIONS 
 
The C/N ratio of the raw garbage was 17 which was 
increased to 28 by mixing the garbage with saw dust. 
Insufficient carbon or nitrogen affect the process. 
Carbon provides microorganisms with both energy 
and growth and nitrogen is essential for protein and 
reproduction. Saw dust was added because it provides 
free air space, moisture control, maintain the carbon 
to nitrogen ratio and it’s easily availability [20]. 
 
4.1 Physico-chemical characteristics 
Physico-chemical characteristics for samples 
collected from different stages of composting on 
weekly basis for six weeks. 
 
4.1.1Temperature variations: In vermicomposting 
the initial temperature was 25°. It increased to a 
maximum of 40º during the third week of composting 
and then it gradually decreased to 29° in sixth week. 
In bin composting no increasing or decreasing trend 
was found. The maximum temperature was found to 
be 27° during the fourth week. In windrow 
composting maximum temperature reached to 27° 
during the fourth week and after that it started 
decreasing. In an aerobic system, the temperature 
rises to 50–60ºC in just a few days and can even go 
up to 70ºC in some cases[7].The existence of 
microorganisms differs with the temperature of the 
composting stages i.e., at 13-21°c psychrophiles, at 
21-32°c mesophiles and at 32-93°c thermophiles are 
responsible for the degradation process. Decrease in 
temperature at later stages of composting indicates 
the stabilization of decomposed organic fraction into 
compost. 

4.2.2 pH variations: Initial pH of the sample was 
6.5.The sample was send for composting by three 
different processes i.e. Vermicomposting, Bin 
composting , Windrows composting .The results 
showed a decrease in pHduring the first three weeks 
and then later pH value increased. The minimum pH 

observed in different composting techniques was 5.14 
(vermicomposting), 6.23 (bin composting) and 6.2 
(windrows composting).The final pH of compost 
produced was 7.3 (vermicomposting), 7.9 (bin 
composting), 8.2 (windrows composting).During the 
initial phase of composting process short-chain 
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organic acids and ammonia appear to contribute 
mostly to the pH variation, which is often within a 
range of 4.9–8.3 [12]. A low pH value may inhibit 
microbial activity, and sometimes severely hampers 
the progress of composting reaction [14].In 
comparison, a high pH value may also have 

inhibitory effects on the activities of microorganisms. 
Similar results were observed in the study by [19] 
where a similar decrease in pH during first three 
week and thereafter an increase in pH is observedand 
afterfinal pH of the vermicompost were found 7.6. 

4.3.3 Moisture content variations:Initial moisture 
content in garbage waste was 68.22 %. Moisture 
content of the different composting techniques were 
measure on weekly basis. The maximum moisture 
content observed in different composting techniques 
was 48.53%(vermicomposting), 46.55%(bin 
composting), 42.33 (windrows composting).Many 
literatures [10], [13] report that water content of the 
incubated materials should be controlled within the 
range of 50–80%. Moisture content of 60–70% is 

generally considered ideal to start with [7]. At later 
stages of decomposition, the ideal moisture content 
may be 50–60%. Very low (<30%) or high moisture 
content (>75%) inhibits microbial activities due to 
early dehydrationor anaerobiosis [11].Excess 
moisturewill fill many of the pores between particles 
with water, thereby limiting oxygen transport. 
Moisture content of final compost was 32.6 
(vermicomposting), 37.8 (bin composting), 36.33 
(windrows composting). 

 
4.4.4 Electrical conductivity: The salt content of 
compost is due to the presence of sodium, chloride, 
potassium, nitrate, sulphate and ammonia salts 
[15].Initially the electrical conductivity of garbage 
sample was 2.6ds/m.Electrical conductivity of 
garbage sample increases during composting process 
as volatile solids are degraded and the amount of  

 
water-soluble salts increases on a totalsolids (TS) 
basis[16].The Electrical conductivity value for 
different composting were found to be 4.7 ds/m 
(vermicomposting),3.6 (bin composting), 4.8 ds/m 
(windrows composting).Similar result were found in 
the [17] where the electrical conductivity is increase 
with the increase in the composting time. 

http://iraj.in


International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009       Volume-5, Issue-3, Jul.-2017 
http://iraj.in 

Evaluation of Garbage Composting Techniques 
 

10 

 
 
4.4.5 C/N ratio  
Initial C/N ratio of garbage compost was 28. In the 
composting process, the substrate should achieve a 

C/N ratio of 30:1 for stimulating degradation and 
immobilization of nitrogen [7].In vermicomposting 
the final C/N ratio of the compost was 19, for Bin 
composting it was 17 and for windrow composting it 
was15. 

4.4.6 Macronutrientsand Heavy Metals: 
In composting process there are two type of nutrients 
i.e. macronutrients and micronutrients. Macro 
nutrients are nitrogen, phosphate and potassium 
whereas micronutrients are calcium, magnesium, 
sodium. The most commonly required nutrients are 
nitrogen, phosphorus and potassium [18].In 
vermicomposting NPK Value were found N=1.62, 
P=0.64, K=0.814, In Bin composting N=1.3, P=0.35, 
K=0.498, In windrows composting N=1.23, P=0.46, 
K=0.22.The values of NPK in Vermicomposting and 
Bin composting were found to be ideal range whereas 
the NPK value of compost obtained through 
Windrows composting were lesser than the ideal 
values. 
 

Table 2: Nutrients value of final compost 
Paramet
er 

vermicomp
osting 

Bin 
compos
ting 

Windro
ws 
compos
ting 

Ide
al 
ran
ge 

Nitrogen 
(N) 

1.62 1.3 1.23 0.8-
1.98 

Phospha
te (P) 

0.64 0.35 0.46 0.4-
1.18 

Potassiu
m(K) 

0.814 0.498 0.22 0.6-
1.7 
8 

 
CONCLUSION 
 
An experimental study was carried out to determine 
the physical and chemical properties of different type 
of compost. The obtained results indicate that the 
moisture content value of final compost ranged from 
32 to 37.8% with Bin composting having the 
maximum moisture content 37.8% .The pH value of 
different compost is ranged from 7.3 to 8.2 with 
Windrows composting having maximum pH 

8.2.Electrical conductivity values ranged from 3.6 to 
4.8 dS m-1 for different type of compost.The 
concentration of nickel for different compost is found 
to be within the permissible range. The value of lead 
for vermicomposting and bin composting were found 
to be within the permissible range whereas the 
concentration of lead for the windrow compost is 
greater than the permissible range. Total Nitrogen 
values ranged from 1.3 to 1.62% with 
vermicomposting having maximum value of nitrogen. 
The total phosphorus and total potassium values 
ranged from 0.35 to 0.64% and 0.22 to 0.814% with 
vermicomposting having maximum value of 
phosphorus and potassium. The nutrients values of 
compost through vermicomposting is maximum. The 
C/N ratio values ranged from 15 to 19 with 
vermicomposting have maximum C/N ratio i.e. 19 for 
final compost. Time taken by vermicomposting and 
bin composting is same i.e. is 46 days as compared to 
52 days taken by windrows composting. Considering 
these results the study concludes that 
vermicomposting is the most suitable method of 
composting in a hilly area where temperature are 
mostly very low during winter season. 
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