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ABSTRACT: The domestic solid waste was collected by zone wise survey of Surat city and segregated into 
the biodegradable and non-biodegradable solid waste. Apart from biodegradable solid waste i.e. Orange  
peel, Coconut husk, Cashew  Husk, Walnut Husk, Peas husk, Peanut Husk, Rice Husk, Bagasse were 
segregated and proximate analysis was carried out in the laboratory of these collected domestic solid 
waste. After proximate analysis, % of Moisture, % of Volatile Matter, % of Ash and % of Fixed Carbon were 
calculated. Apart from all these wastes:7% Moisture, 74% Volatile Matter, 4% Ash and 15% Fixed Carbon 
was found in Rice Husk. 14,145 Calories/gm energy content was obtained for Rice Husk. Therefore, this dry 
solid waste can be used as a good fuel. The another good fuel resources were peanut husk and walnut husk 
having 4% carbon content and 3772 calories/gm energy content. Rest of the tested dry waste:saw 
dust(16.2%C) and bagasse(5.24%C)having CV 15,200 and 7830 Kcal/Kg can be used as fuel 
resources.Thus, saving the costlier energy resources and the amount of solid waste to be dumped at landfill 
site can also be minimized.The amount of moisture present in Pea husk was found (23%) and thus due to 
presence of moisture in more amount, it can be the ultimate cause for the generation of leachate. 
Therefore, such green waste should not be dumped to the MSW landfill site and should be composted. This 
will reduce the pollution of soil and groundwater by preventing leachate formation. 

 
Key Words: Survey, biodegradable, proximate analysis, calorific value. 

 
I. Introduction 
1.1 MUNICIPAL SOLID WASTE 
Waste can be considered as substance or objects are disposed off or intended to be disposed off or are 
required to be disposed off. Very often, waste is defined as unwanted materials, leftover from any human 
activities, refuse from plant, human or animal habitation.[1]Solid wastes are all the wastes arising from 
human and animal activities that are normally solidand are discarded as useless or unwanted. The term 
solid waste as used in this text is allinclusive, encompassing the heterogeneous mass of throw away from 
the urban communityas well as the more homogeneous accumulation of agricultural, industrial, and mineral 
wastes.[1] 

Solid waste consist of any refuse, sludge from waste treatment plant, water supply treatment plant, or air 
pollution control facility or other discarded material including solid, small amount of liquid, semi- solid or 
contain gaseous material resulting from industrial, commercial, mining , and agriculture operations, and 
from community activities. Solid wastes can be solid, liquid, and semi-solid or containerized gaseous 
material.[1]Municipal solid waste (MSW) comprises of domestic wastes and commercial wastes collected 
within an area. MSW includes biodegradable waste, recyclable material, inert wasteand hazardous 
waste.Municipal solid waste (MSW), commonly known as trash, garbage, refuse, rubbish, foodwaste, ashes, 
residue, demolition, construction waste, treatment plant waste and waste typeconsisting of everyday items 
that are discarded by the public. Trash refers to solid waste that does not decompose (e.g., packaging, 
bottles, cans, buildingmaterials, etc).Garbagestrictly refers to animal or vegetable wastes, particularly by- 
products of foodpreparation. Garbage decomposes rapidly of exposed to the elements and creates offensive 
odors. Refuse refers to such waste which includes trash, garbage, rubbish, waste, litter, offal  etc.Food waste, 
the animal, fruit or vegetable residues (also called garbage) resulting from thehandling, preparation, 
cooking and eating of foods. Because food wastes are putrescible, theywill decompose rapidly, especially in 
warm weather.[2,3]  
Rubbish is a combustible and noncombustible solid waste, excluding food water or there 
putresciblematerials. Typically, combustible rubbish consist of material such as paper,cardboard, plastic, 
textiles, rubber, leather, wood, furniture, and garden trimmings.Non combustible rubbish consists of items 
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such as glass, crockery, tin cans, aluminum, ferrous and nonferrous metals, dirt, and construction 
waste.Ashes and residues are the materials remaining from the burning of wood, coal, coke, andother 
combustible waste. Residue from power plant normally is not included in this category.Ashes and residue 
are normally composed of fine, powdery materials, cinders, clinkers andsmall amounts of burned and 
partially burned materials.Demolition and construction waste are the waste from razed building and other 
structures areclassified as demolition waste. Waste from the construction, remolding and repairing 
ofresidential, commercial, and industrial buildings and similar structure are classified asconstruction waste. 
This waste may include dirt, stones, concrete, bricks, plaster, lumber,hinge, and plumbing, heating, and 
electrical parts.Special wastes are such waste as street sweeping, roadside litter, catch-basing debris, 
deadanimals, and abandoned vehicles are classified as special waste.Treatment- plant waste is the solid and 
semisolid waste from water, waste water, andindustrial- waste treatment facilities are included in this 
classification.[2,3]Rapid industrialization and population explosion in India has led to the migration of people 
from villages to cities, which generate thousands of tons of MSW daily. The MSW amount is expected to 
increase significantly in the near future as the country strives to attain an industrialized nation status by the 
year 2020[4]Improper management of municipal solid waste (MSW) causes hazards to inhabitants. Various 
studies reveal that about 90% of MSW is disposed of unscientifically in open dumps and landfills, creating 
problems to public health and the environment.[5]Delhi is also a commercial hub, providing employment 
opportunities and accelerating the pace of urbanization, resulting in a corresponding increase in municipal 
solid waste (MSW) generation. The inhabitants of Delhi generate about 7000 tonnes/day of MSW(2007), 
which is projected to rise to 17,000–25,000 tonnes/day by the year 2021. MSW management has remained 
one of the most neglected areas of the municipal system in Delhi. About 70–80% of generated MSW is 
collected and the rest remains unattended on streets or in small open dumps. Only 9% of the collected MSW 
is treated through composting, the only treatment option, and rest is disposed in uncontrolled open landfills 
at the outskirts of the city.[6]Municipal solidwaste (MSW) management practices in Kharagpur, a small city 
inWest Bengal and propose integrated solid waste management plan. 45mt/d solid waste is collect by 
Municipal Corporation out of 95mt/d Most of this waste is dumped on open land and in natural and 
engineered drains, thus blocking the flow of storm water and contaminating groundwater.[7]A comparative 
report on Landfills, Incineration, and Composting practices in india from Municipal solid waste management 
- From waste disposal to recovery of resources.[8]Seema 2010 focus into the clean development mechanism 
(CDM) projects involving energy recovery from municipal solid waste (MSW). [9]Urbanization directly 
contributes to waste generation, and unscientific waste handling causes health hazards and urban 
environment degradation. Solid Waste Management which is already a mammoth task in India is going to be 
more complicated with the increase in urbanization, changing lifestyles and increase in 
consumerism.[10]Since India is developing country and have large resources of techniques and facilities but 
due to lack of awareness, political issues, lack of attention toward the duties which assign to the govt. 
officers, etc are some of the hurdles due to which India is not able to cope up in waste management as 
compared to other countries.[11] 

1.2SURVEY 
 The methods involved in survey data collection are any of a number of ways in which data can be collected 
in a statistical way. A survey is a process for collecting data of observations which are selected from the 
population of interest using a probability based criteria. In Data collection surveys, certain methods are 
often used to improve the precision and control the cost of survey data collection. These methods introduce 
a complexity to the analysis, which must be accounted for in order to produce unbiased estimates and their 
associate’s level of precision. This write up provides a brief introduction to the impact these design 
complexities have on the variance and then summarize the analysis of data collection survey using different 
apparatus. The problems associated with the management of solid wastes in today’s society are complex 
because of the quantity and diverse nature of the wastes, the development of sprawling urban areas, the 
funding limitations for public services in many large cities, the impacts of technology, and the emerging 
limitations in both energy and raw materials. As a consequence, if solid waste management is to be 
accomplished in an efficient and orderly manner, the fundamental aspects and relationships involved must 
be identified, adjusted for uniformity of data, and understood clearly.[2,3]A survey is a data collection tool 
used to gather information about individuals. Surveys are commonly used in psychology research to collect 
self-report data from study participants. A survey may focus on factual information about individuals, or it 
may aim to collect the opinions of the survey takers.[3] 

1.3 PROXIMATE ANALYSIS 
In the present age of rapid industrialization on the power requirement is increasing day by day. Heat energy 
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is the main source of power and reaction is C+O2=CO2. This is strongly exothermic, so carbon compounds 
have been used for many centuries as the source of heat and energy which can be used economically for 
domestic and industrial purpose. The proximate analysis is an imperial but important analysis which 
records moisture, volatile matter, ash content and fixed carbon as % of the original weight of the sample. 
Proximate analysis is the simplest type of analysis and it informs about the practical utilization of the 
sample of solid waste as a fuel. The reproducible result can be obtained which can be utilizing for accessing 
the application of fuel for a particular domestic or industrial use. [1] 
1.4 ENERGY CONTENT IN SOLID WASTE 
Municipal solid waste (MSW) containing organic as well as inorganic matter. The latent energy present in its 
organic fraction can be recovered for gainful utilization through adoption of suitable Waste Processing and 
Treatment technologies. The recovery of energy from wastes also offers a few additional benefits.[1] 

i. The total quantity of waste gets reduced by nearly 60% to over 90% depending upon the waste 
composition and the adopted technology; 

ii. Demand for land, which is already scarce in cities, for land filling is reduced; 
iii. The cost of transportation of waste to far- away landfill sites also gets reduced 
iv. Net reduction in environmental pollution. 

It is, therefore, only logical that, while every effort that should be made in the first place to minimize 
generation of waste material and to recycle and reuse them to the extent feasible, the option of Energy 
Recovery from Wastes be also duly examined. Wherever feasible, this option should be incorporated in the 
over- all scheme of Waste Management. It is concentrated on the characteristics, and energy content of the 
Residential solid wastes due to great relationships with Environment of the city and the high share of coast 
specified to the Collection stage. The solid waste characteristics and energy content were found by selecting 
different samples of different areas, which represent different energy content. Samples were collected and 
the amount of energy content was estimated.[1] 

 

II. SAMPLING &SURVEY FOR MUNICIPAL SOLID WASTE GENERATION 

For the accomplishment of this survey, it was very necessary to know about the population present in Surat 
City. For this different areas in different direction were selected for this survey, and in all the areas the 
survey was done in 40 houses at the regular interval for full twenty days .In the survey the solid waste 
generated was collected from door to door and then segregated and was weighted finally to know the 
amount of solid waste generated per day in that area.[1] 

 

III. MATERIALS AND METHODOLOGY 
3.1 PROXIMATE ANALYSIS OF SOLID WASTE 
Materials: Following solid waste samples were isolated from the collected samples of household solid waste. 
Orange peel, Coconut husk, Cashew husk, Walnut husk, Peas husk, Peanut husk, Rice   husk, Bagasse, Saw 
dust. 
Method: 
3.1.1 Determination of inherent moisture: 
The samplewas dried in air first weigh crucible in analytical balance accurately. Transfer 1gm of air dried 
sample in the crucible and weigh. The crucible was kept inside the electrical oven maintained at 105 0-1100 C 
temperature for an hour. After heating for  an hour the crucible was removed with the pair of tongs and kept 
in desiccators for cooling and after cooling it again weighted on the analytical balance. The difference in 
weight was reported in percentage as the amount of inherent moisture in the sample.[12] 
(W - D) 
M=------------ x 100 
W 
M=wet-weight moisture content % 
W=initial mass of sample as delivered, gm 
D=mass of sample after drying,gm 
3.1.2 Determination of Volatile matter: 
The dried sample after determining moisture content was heated in a muffle furnace was maintained ay 
925±200 C for exactly 7minutes. After heating the crucible was removed from muffle furnace with the help 
of pair of tongs carefully. It was first put on cooled asbestos pad and then transferred  the warm crucible in 
desiccators. Once it attains the room temperature finally weight is reported as volatile matter on percentage 
basis.[12] 
3.1.3 Determination of Ash content: 
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The residue in the crucible was then heated inside the muffle furnace at 725±200 C for half an hour. Until a 
constant weight of the crucible was obtained. The heating of crucible was done without covering the lid. The 
crucible was then cooled first in air and then in desiccators. The amount of unburnt residue in crucible was 
ash which can be represented in percentage.[12] 

3.1.4 Determination of Fixed carbon: 
The sum total of percentage of volatile matter, moisture and ash, subtract from 100 gives the percentage of 
fixed carbon.[12] 
ENERGY CONTENT IN SOLID WASTE 
Materials:Orange peel, Coconut husk, Cashew husk, Walnut husk, Peas husk, Peanuhusk, Rice husk, Bagasse, 
Saw dust. 
Method:Calorific value: 
The calorific value is the most important property of a fuel. The calorific value of a fuel may be defined as the 
total quantity of heat liberated by a complete combustion of unit mass of thefuel. The high gross calorific 
value is defined as the total amount of heat liberated when oneunit mass of the fuel has been completely 
burnt and the product of combustion have been cooledto room temperature. The low or net calorific value 
may be defined as the net heat producedwhen unit mass of the fuel is completely burnt and the products are 
permitted to escape.[12] 

Energy Content in Solid waste: From the amount of fixed carbon, the energy content was calculated,: 
C(S) + O2 → CO2(g) ∆H = -94.3 kcal. 
%C x 12 x 94.3/12 x 100 = ------- Kcal/g  
 

IV. RESULTS & DISCUSSION: 
Survey & segregation of collected household solid waste is represented in following tables 1-4: 

4.1.1Rander Road (West Zone):The amount of solid waste generated in West zone area is represented in 
table 1. 

Table 1: Solid waste generation in west zone 
House no. No of 

 people 
Non-biodegradable  
waste( kg) 

Biodegradable  
waste( kg) 

Total waste 

1 2 0.279 0.245 0.524 
2 6 1.671 0.525 2.196 
3 5 1.684 0.487 2.171 
4 4 1.787 1.001 2.788 
5 2 0.764 0.345 1.109 
6 4 1.876 0.723 2.599 
7 3 0.777 0.487 1.264 
8 5 1.143 0.678 1.821 
9 7 2.444 1.002 3.446 
10 2 0.645 0.352 0.997 
Total 40 13.070 5.845 18.915 

The total bio-degradable waste generated per person is 0.146gm and total non-biodegradable waste 
generated per person is 0.326 gm. The total waste generated is 18.915kg. 

 
Figure 1Segregation of solid waste in West Zone. 
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4.1.2 Kamrej Road (East Zone): The amount of solid waste generated in East zone area is represented in 
table 2. 

Table 2 Solid waste generation in East zone 
House no. No of people Non-biodegradable 

waste(kg) 
Biodegradable 
waste(kg) 

Total waste 

1 6 1.213 0.358 1.571 
2 2 0.213 1.237 1.450 
3 3 0.902 0.234 1.136 
4 5 0.665 0.701 1.366 
5 5 1.359 1.545 2.904 
6 7 1.768 1.232 3.000 
7 4 1.434 0.234 1.668 
8 3 1.234 0.423 1.657 
9 3 1.243 0.325 1.568 
10 2 0.266 1.352 1.618 
Total 40 10.297 7.641 17.938 

The total bio-degradable waste generated per person is 0.191 gm and total non-biodegradable waste 
generated per person is 0.257 gm.The total waste generated is 17.938kg. 
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Figure 2 Segregation of solid waste in Eest Zone. 

4.1.3Bhestan Road(South Zone): The amount of solid waste generated in South zone area is represented 
in table 3. 

Table 3 Solid waste generation in South zone 
House no. No of people Non-biodegradable  

waste (kg) 
Biodegradable  
waste(kg) 

Total waste 

1 5 1.276 0.234 1.510 
2 2 0.234 1.235     1.469 
3 3 0.946 0.456 1.402 
4 6 1.934 0.424 2.358 
5 2 0.244 1.677 1.921 
6 7 1.342 1.255 2.597 
7 5 1.112 0.253 1.365 
8 6 1.105 0.325 1.430 
9 2 0.463 0.956 1.419 
10 2 0.268 0.352 0.620 
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Total 40 8.924 7.167 16.091 
The total bio-degradable waste generated per person is 0.179 gm and total non-biodegradable waste 
generated per person is 0.223 gm. The total waste generated is 16.091kg. 
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Figure 3 Segregation of solid waste in South Zone. 

4.1.4 Ved Road (North Zone): The amount of solid waste generated in North zone area is represented in 
table 4. 

Table 4 Solid waste generation in North zone 
House no. No of people Non-biodegradable 

waste(kg) 
Biodegradable 
waste(kg) 

Total waste 

1 2 0.521 0.301 0.822 
2 5 1.643 1.421 3.064 
3 4 0.909 0.541 1.450 
4 3 0.674 0.431 1.105 
5 4 1.345 1.111 2.456 
6 4 1.321 1.732 3.053 
7 4 1.641 0.421 2.062 
8 6 1.265 0.123 1.388 
9 5 1.623 0.125 1.748 
10 3 0.263 0.372 0.635 
Total 40 11.205 6.578 17.783 

 

The total bio-degradable waste generated per person is 0.164 gm and total non-biodegradable waste 
generated per person is 0.280 gm.The total waste generated is 17.783kg. 
In all observations of above analysis the amount of non- biodegradable waste generated is higher than 
biodegradable waste. 
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Figure 4 Segregation of solid waste in North Zone. 
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4.2PROXIMATE ANALYSIS OF SOLID WASTE: 
The proximate analysis was carried out for solid waste: Orange peel, Coconut husk, Cashew husk, Walnut 
husk, Peas husk, Peanut husk, Rice husk, Bagasse, Saw dust.     

   

 
  

Figure 5 Laboratory set up for proximate analysis 
 

The result of proximate analysis of different solid waste is represented in table 5. 
Table 5 Proximate Analysis of different solid waste 

No Sample Name % of 
 Moisture 

% of Volatile 
 Matter  

% of Ash % of Fixed  
arbon 

1 Orange  peel 6 90 2 2 

2 Coconut husk 13 82.3 1.1 3.6 

3 Cashew  Husk 5 88 4 3 

4 Walnut Husk 8 86 2 4 
5 Peas husk 23 74 2 1 
6 Peanut Husk 5.4 84.3 5.7 4.6 

7 Rice Husk 7 74 4 15 
8 Bagasse 8.60 82.35 3.81 5.24 

9 Saw Dust 13.4 63.4 7.0 16.2 
 

 
Figure 1 Proximate Analysis of solid waste 
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The above graph concluded that saw dust and rice husk represents highest percentage of fixed carbon 
amongst all the waste. 
4.3Fuel Calorific Values: 
The calorific value of a fuel is the quantity of heat produced by its combustion – at constant pressure and 
under “normal”  (standard) conditions ( to 0oc and under a pressure of 1,013 mbar). 
1kg of diesel burnt under ideal conditions will produce 2.65kg of CO2.  
1kg of petrol burnt under ideal conditions will produce 2.3kg of CO2. 
   Calorific value of some standard fuel is represented here in table 6. 

Table 6 Calorific value of fuel 
Fuel Calorific Value(KCal/Kg) 
Natural gas 12500 

Propane-Butane 11950 
Diesel/Petrol 10000 
Fuel oil 9520 

Brown coal 3500 
Woods 2500 
Electricity 860 

 

From the amount of fixed carbon, the energy content was calculated in terms of calorific value, is shown in 
table 7. 

Table 7 Calorific value of solid waste 
Sample Name % of Fixed Carbon Energy Content 

(KCal/Kg) 
Green  Peas husk 1 943.0 
Orange peel 2 1886.0 
Cashew husk 3 2829.0 
Coconut husk 3.6 3394.8 
Walnut husk 4 3772.0 
Peanut husk 4.6 4337.8 
Bagasse 5.24 4941.32 
Rice husk 15 14145.0 
Saw Dust 16.2 15,276.6 

 

Energy content obtained from % of Fixed Carbon indicating the calorific value which is used to decide the 
waste can be used as a fuel.Saw Dust, RiceHusk and Bagasse having CV >comparable to fossil fuel.The 
calorific value of Walnut husk, peanut husk and coconut huskhaving CV >comparable to wood and coal. 
Graphical representation of energy derived from solid waste is shown in fig.13. 

 
Figure 2 Energy Content of solid waste 
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V.CONCLUSION 
The domestic solid waste was collected by zone wise survey of Surat city and segregated into the 
biodegradable and non-biodegradable solid waste. The total amount of non-biodegradable solid waste 
generated is 44.173 kilogram and biodegradable solid waste generated is 24.173 kilogram. In all 
observations of above analysis the amount of non- biodegradable waste generated is higher than 
biodegradable waste.Apart from biodegradable solid waste Orange peel, Coconut husk, Cashew husk, 
Walnut husk, Peas husk, Peanut husk, Rice husk, Bagasse were segregated and proximate analysis was 
carried out in the laboratory of these collected domestic solid waste.After performing the whole experiment 
it is concluded that the maximum amount of fuel after burning solid waste, can be obtained from saw dust, 
rice husk and bagasse, because the amount of the moisture in it was minimum, ash content was maximum of 
all other, where as volatile matter also found to be in an adequate form and fixed carbon in it was also found 
to be maximum.The amount of moisture present in Pea husk was found maximum quantity and thus due to 
presence of moisture in more amount of this can be the ultimate cause for the generation of leachate and 
other impurities which can affect the whole environment at larger scale.From the above experiments 
performed the result show that calorific value of the rice husk ,saw dust and bagasse is higher compared to 
others and satisfies the need of good fuel, even the calorific value of walnut husk, peanut husk and coconut 
husk are also more, and ultimately the high calorific value is the property of a good fuel. Therefore, such 
solid waste can be used as a fuel, this will save costly energy resources. Segregation of solid waste into bio 
degradable and non-bio degradable will reduce the load of solid waste to be treated at landfill site. This will 
help Municipal Corporation to reduce the labor and, transportation expenses and treatment and 
management cost of MSW to be treated at landfill site. 
 

VI RECOMMENDATION 
The segregation of solid waste should be done at source level i.e. at household level and non-bio degradable 
solid waste should be send to recycler. [13] Bio degradable solid waste should also be segregated and dry 
solid waste can be isolated and used as a fuel in industry or at domestic level.[14,15]The wet biodegradable 
solid waste can be either composted and used as a manure in agriculture or anaerobically digested to obtain 
Methane, which is also used as a fuel purpose. [14,15] The correlation can be used for HHV computation of any 
solid fuel and biomass material, from its proximate analysis. In performance modeling exercise of 
combustion, gasification and pyrolysis process. The correlation provides the facility of using HHV as an 
algebraic expression in terms of fuel constituents, which in turn is useful in studying the influence of 
proximate analysis of a fuel on process performance. [16] 
The household /domestic solid waste should be segregated in following shown manner to reduce the 
environmental pollution. 

 

Figure 14 Segregation of solid waste 
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