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Abstract— Global warming and diminishing energy supplies 

are two major current concerns. Extraction of energy from 

Municipal Solid Waste (MSW) would be an initiative 

towards solving both the problems. MSW is heterogeneous 

in nature; hence     extraction of energy from it is a difficult 

task. It consists of components like    papers, plastics, 

organic matter and non-combustibles; all having different 

decomposition rate depending upon their individual 

characteristics. The paper reviews on significance of Time, 

temperature Vs Weight loss characteristics at macro level, 

significance of Material Characterization of product yield 

achieved through pyrolysis. Referring open literature, It is 

found that major Researchers have carried out pyrolysis 

related to biomass or scrap tyre. Researchers have discussed 

about temperature range and different heating rates which 

can be achieved through their set up and also about different 

MSW constituents which can be used as raw material for 

same set up. 

Key words: Biomass, Municipal Solid Waste Pyrolysis 

Technology 

I. INTRODUCTION 

Biomass is organic material made from plants and animals. 

Biomass contains stored energy from the sun. Plants absorb 

the sun's energy in a process called photosynthesis. The 

chemical energy in plants gets passed on to animals and 

people that eat them. 

 
Fig. 1: Sources of biomass for conversion to energy

[1]
 

Biomass is a renewable energy source because we can 

always grow more trees and crops, and waste will always 

exist. Some examples of biomass fuels are wood, crops, 

manure, and some garbage 

 
Fig. 2: Biomass conversion into different forms of energy[1] 

Burning biomass is not the only way to release its 

energy. Biomass can be converted to other useable forms of 

energy, such as methane gas or transportation fuels, such as 

ethanol and biodiesel. Methane gas is the main ingredient of 

natural gas. Smelly stuff, like rotting garbage, and agricultural 

and human waste, release methane gas — also called "landfill 

gas" or "biogas."  

II. PROCESS FOR CONVERSION OF BIOMASS INTO ENERGY[1] 

 

 
Fig. 2: Process For Conversion Of Biomass Into Energy

[1]
 

III. BIOFUELS 

Type of 

biofuel 
Description Examples[1] 

First-

generation 

biofuels 

Biofuels produced 

from raw materials in 

competition with 

food and feed 

industry 

• Bioethanol from 

sugarcane, sugar beet 

and starch crops(corn 

and wheat) 

• Biodiesel from oil-

based crops like 

rapeseed, sunflower, 

soyabean, palm oil, 

and waste edible oils 
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• Starch-derived 

biogas 

Second-

generation 

biofuels 

Biofuels produced 

from non-food crops 

(energy crops), or 

raw material based 

on waste residues 

• Biogas derived 

from waste and 

residues 

• Biofuels from 

lignocellulosic 

materials like 

residues from 

agriculture, 

forestry, and 

industry 

• Biofuels from 

energy crops such 

as sorghum 

Third-

generation 

biofuels 

Biofuels produced 

using aquatic 

microorganisms like 

algae 

• Biodiesel produced 

using algae 

• Algal hydrogen 

Fourth-

generati on 

biofuels 

Biofuels based on 

high solar efficiency 

cultivation 

• Carbon-negative 

technology 

• Technology of the 

future 

An established technology is available for 

production of First-generation biofuel. But their production 

largely depends on raw material feedstock that could 

otherwise be used for food and feed purposes. food versus 

fuel controversy gave rise to the development of second-

generation biofuels which are produced from non-feed 

crops, forest residues, agricultural, industrial, and domestic 

waste.  

Second-generation biofuels are produced mainly by 

thermochemical and biochemical methods. The 

thermochemical methods are more amenable to 

commercialization as these are based on technologies 

established over a number of years. Research efforts toward 

their optimization are currently ongoing and may soon result 

in commercialized, low cost alternatives to first-generation 

biofuels. [1] 

IV. GLOBAL ENERGY SCENARIO: 

 
Fig. 3: Worldwide fossil, nuclear, and renewable energy 

consumption (2005) [2] 

 

Fig. 4: Global oil production scenarios based on current 

production [2] 

 
Fig. 5: Global renewable energy scenario by 2040 [2] 

Approximately half of the global energy supply 

will come from renewables in 2040, according to the 

European Renewable Energy Council (2006). The most 

significant developments in renewable energy production 

will be observed in photovoltaic (from 0.2 to 784 Mtoe) and 

wind energy (from 4.7 to 688 Mtoe) between 2001 and 

2040.  

V. ENERGY FROM GARBAGE 

Garbage, often called municipal solid waste (MSW), is the 

source of about 10% of the total biomass energy consumed 

in the India. MSW contains biomass (or biogenic) materials 

like paper, cardboard, food scraps, grass clippings, leaves, 

wood, and leather products, and other non-biomass 

combustible materials, mainly plastics and other synthetic 

materials made from petroleum.  

As per Ministry of New and Renewable Energy 

(MNRE 2011)[3] estimation, In India the existing potential of 

energy generation is about 1,460 MW from MSW and about 

226 MW from sewage. However, only 24 MW of this have 

been capitalized as per MNRE report.  

 
Fig. 6: Average Values of Composition of MSW in India [4] 

VI. LITERATURE SURVEY 

A brief summary of the vast amount of material that has 

been published on vacuum pyrolysis would be well beyond 

the scope and intention of this paper.  Instead, attention is 

focused on a few key aspects of MSW pyrolysis 

technology that are considered important and relevant. 

Pakdel et al. (1994) [5] used a vacuum pump to 

remove the vapours from the reactor. This reduces the 

residence time of the vapours in the reactor and thus 

minimises the secondary decomposition reactions which 

occur during atmospheric pyrolysis and result in lower oil 

yields. 

Fig :-2 Average Values of Composition of MSW in  India
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Some compounds do undergo fractionation and this, together 

with the compounds that are liberated from the main 

lignocellulosic structure, causes a large number of chemicals 

to be formed. 

The main products of vacuum pyrolysis are 

vapours, which are condensed  after removal to form 

complex primary oil, and wood charcoal. Non-condensable   

gases and water are also produced as by-products  

De Jongh (2001) [6] postulated that the formation of 

vapours (longer chain compounds) and gases (shorter chain 

compounds) and the degree to which recondensation 

reactions occur are affected by two main factors.  

bed density and reactor pressure affects the vapour 

movement through the bed. A longer residence time of the 

vapours inside the reactor will cause more side reactions to 

occur and this will lead to lower oil yields and higher 

charcoal yield.  

Mark J Cooney et al.(1997) [7] have focused on 

Vacuum Pyrolysis with two pressure ranges ,Firstly < 10
-3

 

mm of Hg and later 0.1 mm of Hg to 1 atm, under flow of 

inert gas at moderate  temperature of 500 
0
C.The focus of 

this project was to   characterise and quanitate the products 

and to determine the origin and efficiency of their 

production.They also focus on changing the experimental to 

promote product selectivity  

Rabe (2005) [8] developed  a reactor model for 

vacuum pyrolysis in a pilot scale rotary oven. Kinetic 

experiments in a TGA (Thermogravimateric analyser) were 

also done on two alien plant species, Rooikrans and 

Swarthaak wood, to investigate the kinetics of vacuum 

pyrolysis and to provide a kinetic model to be used in 

conjunction with the reactor thermal model to predict 

conversions in the reactor.  

Batch experiments were also done in a tube furnace 

to get data that could be compared with the results obtained 

by De Jongh (2001) and for comparison with the results 

obtained by the kinetic experiments.  

Srivasta et al.(2014)[9]Compared MSW generations 

by various parameters and explore Energy options  

 
Fig. 7: Urban population, solid waste generation and 

collection efficiency in different income groups. LI low 

income, LMI low middle income, UMI upper middle 

income, HI high income [5] 

 
Fig. 8: Waste generation rates (kg/capita/day) of selected 

countries [10] 

 
Table 2 Municipal solid waste generation in Indian cities 

(CPCB 2012) 

 
Fig. 9: Energy potential from waste in mega cities of India 

(Annepu 2012) 

This large amount of energy generated from waste 

can substitute million tons of coal every year, which 

accounts for 86.16 % of total installed thermal power 

generation in India (Ministry of Power, GoI 2013). Thus 

reducing the burgeoning pressure on non- renewable 

resources mainly coal  

Kim et al.(2010)[11] systematically examines 

thermal events and kinetics for the pyrolysis of binary blends 

constituted by some representative components of MSW, 

accounting for the pyrolytic behaviour and main 

physicochemical properties of the individual MSW 

components. 

Cellulose and lignin, as main biopolymers 

composing Lignocellulosic biomass, as well as native wood 

species, and polyethylene are used in order to mimic some of 
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the main components usually present in MSW 

Kinetic characterization for the pyrolysis of the 

individual samples and the three simulated blends was 

performed by non-isothermal thermogravimetric (TG) 

analysis from ambient temperature up to 7500C, sample size 

of 10 mg, N2flow rates of 400 ml/min, and a heating rate of 

100C/min were employed.  

In comparison of individual sample binary blend of 

PE –Cellulose shows suppressed peaks, even though PE is 

rich with H and C ,cellulose having strong bonds needs more 

EA, Hence decomposition will be at higher temperature 

Comparison of the results in Figures 3 and 4 

indicate that they are characteristic of the individual 

constituents. The peak at the higher temperature corresponds 

to pyrolysis of the PE, whereas those at the lower 

temperatures are due to degradation of the other constituent 

accompanying PE in the mixture.  

Luo et al. (2010)[12] carried out Pyrolysis and 

gasification of municipal solid waste (MSW) in a lab-scale 

fixed bed reator in order to evaluate the effects of particle 

size at different bed temperatures on product yield and 

composition. The bed temperature was varied from 600 to 

900 0C and 20 kg  MSW was separated into three different 

size fractions (below 5 mm, 50–10 mm and above 10 mm) 

after drying and shredding and applying quartering 

technique. Heating Rate is 100C/min and material flow rate 

is 5 g/min  

Pyrolysis product yields and composition are 

dependent on the heating rate of sample particles. The effect 

of MSW size was substantial and systematic. Smaller 

particles contributed to a larger surface area and faster 

heating rates 

At the same bed temperature, smaller particle size 

caused higher dry gas yield, presumably for two reasons.  

 Influence of particle size on the heat transfer since 

the pyrolysis process mainly occurs in the surface 

of MSW. Larger particles contain greater heat 

transfer resistance, and hence the actual temperature 

inside the particle is lower, which leads to the 

occurrence of a devolatilization process 

(Incomplete pyrolysis) 

 The other possible reason could be that the 

pyrolysis process of smaller particle was mainly 

controlled by reaction kinetics; as the particle size 

increased, the process was mainly controlled by gas 

diffusion, since the resultant product gas inside the 

particle had more difficulty to diffusing out  

Chen et.al (2014)[13] used three representative 

MSW components in   this study were PE, paper pulp and 

bamboo (chopsticks). , though moisture is a  very important 

component in MSW, literatures on its effect on MSW 

pyrolysis are still seldom. CaO was often adopted in   the 

process of pyrolysis or   gasification for its catalytic activity  

More moisture in MSW leads to moisture in tar , oil 

yield ,and it may be detrimental to engine performance  

Becidan M et al.(2007)[14] performed  comparative 

study of weight loss curves obtained in a TGA and a macro-

TGA showing  that pyrolysis rate  and duration are affected.  

The Degree of conversion is lower  in case of 

Macro –TGA and peak get suppressed ,because of more heat 

and mass resistance.  

Namjoshi S.A et al. (2012) [15] carried kinetic study 

of waste news paper in TG and Batch Type pyrolyser 

Parameters Themogravimetric Analysis Batch Type Pyrolyser 

Temparature 

Range 
RT to 600

0
C. RT to 1200 

0
C. 

Heating rate β 5, 7,10,15,20 
0
C/min 10

0
C/min 

N2 rate 50 ml/min 2 l/min 

Max Sample size 6 mg. 60 gm. 

Kinetics 

Parameter 

Stage I -

Hemicellulose 

Stage II - 

Cellulose 

Stage III - 

Lignin 

Stage I -

Hemicellulose 

Stage II - 

Cellulose 

Stage III – 

Lignin 

Weight Loss   (% 

wt) 
5-6 % 55-60 % 35-40 % 15.60% 33.80% 68.20% 

T onset 220 
0
C- 545 

0
C 267.1

0
C 498.3

0
C 600.7

0
C   

Decomposition 

Rate 
Lower Higher Higher Higher Lower Lower 

Tabele 3: Parameter 

In case of micro and macro level decomposition of 

News paper the decomposition occurs in three  stages but 

due to sample size in case of BTP the temperature is higher 

and so values of activation energy is also high which may 

also due to heat and mass transfer resistance 

De jongh et al. (2011)[16]  treated invasive plants 

species by vacuum pyrolysis.  The temperature, pressure and 

pyrolysis time were varied to determine the preferred 

operating conditions for the vacuum pyrolysis of the intruder 

plants under consideration. The experiment was conducted 

with temperature range 300
0 

– 520 
0  

pressure range 18 to 50 

Kpaabs and  pyrolysis time 30-120 mins. Sample size   30-160 

g was pyrolysed in 1 mt 60 mm dia tube as shown below 

Setup for Vacuum Pyrolysis consist condenser train 

, all parameters of  vacuum pyrolysis are discussed and % 

yield products( Char, oil, ash),Residence time , Vacuum 

pressure and   condensation of gases in all four condensers 

are Measured . It gives clear concept for Experimental  set 

up. 

Jigisha parikh at el. (2008) [17] have carried out slow 

pyrolysis of biomass and material characterisation of the 

product yield obtained from biomass and also  influence of 

heating rate on product yield.   

S.A.Namjoshi & S.A.Chhaniwala(2013) [4] have 

focused on the MSW data    collection, Kinetics of MSW 

constituents for various heating rates in nitrogen atmosphere 

and develop batch type pyrolser to obtain the product yield 

and later material characterisation of product yield using 

various analytical techniques has been carried out. Finally 

weight loss characteristics on basis of time and temperature 

were obtained 
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VII. CONCLUSION 

The following conclusion is drawn from the literature 

survey: 

 Residence time is a key factor for obtaining 

biofuels through vacuum pyrolysis. 

 Secondary decomposition reduces oil yield during 

pyrolysis 

 Reactor pressure affects yield for slow pyrolysis. 

 Kinetics play vital role for thermo chemical process 

 Cellulose,Lignocellulose and lignin constituents of 

biomass are mainly responsible for varying yields 

during pyrolysis process 

 Particle size, Heating rate etc affects yield products 

of pyrolysis. 

 Moisture in Municipal solid waste leads to moisture 

in yield product. 

 Weight loss characteristics on basis of time and 

temperature are obtained for scrape tyre,invasive 

plants and  Municipal solid waste by slow and fast 

pyrolysis 
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