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Abstract— Creating a sustainable energy and environment 

friendly, alternative energy is needed to be developed instead 

of using conventional fuels. This research describes a 

comparison of the use of tyre pyrolysis oil and light diesel oil 

in assessment of a fossil fuel fired power plant boiler startup 

performance and feasibility analysis.The properties of the oil 

derived from waste tyre and manufacturing condition, it 

found that it has properties similar to that of diesel. Tyre 

pyrolysis oil can be used in power plant startup with some 

minor or negligible modification. The economic analysis 

shows that tyre pyrolysis oil(TPO) performs a task of startup 

with same efficiency as LDO with considerable saving in cost 
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I. INTRODUCTION 

 
Fig. 1: 

Increasing industrialization and motorization has 

lead to a significant rise in demand of petroleum products. As 

these are the nonrenewable resources it is difficult to predict 

availability of these resources in future, resulting in 

uncertainty in its supply and price and is impacting  

Growing economies like India importing 80% of the 

total demand of the petroleum products. Creating a 

sustainable energy and environment, alternative energy is 

needed to be developed instead of using fossil fuels. On the 

other hand, the disposal of waste tyres from automotive 

vehicles is becoming more and more complex. Tyre pyrolysis 

oil is made from waste tyre by means by pyrolysis and it's 

also economically beneficial to other fossil fuel. So we take 

project of comparison of the use of tyre pyrolysis oil and light 

diesel oil in assessment of a fossil fuel fired power plant 

BOILER startup performance and feasibility analysis. 

II. CFBC BOILERS 

 
Fig. 2: 

A schematic of a CFB boiler is shown in Fig. 2.44, 

where the main design features of this CFB boiler are 

identified. The dense bed does not contain tube bundles. The 

required heat transfer surface consists of the furnace 

enclosure (water walls) and internal division walls located 

across the boiler width. The elimination of the in-bed tube 

bundle is possible because of the large quantity of solids that 

are recycled internally and externally around the furnace. It is 

the method of collecting and recycling of solids that is the 

primary difference in designs of CFB boilers. Various designs 

of particle collectors and cyclones are used for this purpose. 

Furnace temperatures remain uniform because the mass flow 

rate of the recycled solids is many times the mass flow rate of 

the flue gas. The heat transferred to the furnace walls provides 

the heat absorption necessary to maintain the required bed 

temperature range of 1500 to 1600°F. CFB boilers are 

generally used to burn coal, tire chips, and waste fuels. 

Circulating fluid bed (CFB) combustion system designs 

include the following major components: a refractory-lined 

lower combustor section with fluidizing nozzles on the floor; 

an upper combustor water wall section; a transition piece that 

includes a hot solids separator and solids reentry down comer, 

which may be all or partially lined with refractory; and a 

convective boiler section. Primary air is supplied several feet 

above the lower combustor section to impart a staged-firing 

effect. 

There are various CFB boiler designs, each based on 

the designer’s research and operating experience and each 
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having unique advantages .This is the basic design of 

Circulating fluid bed (CFB) combustion system. 

III. PROCESS OF STRAT UP 70 TPH FBC BOILERS 

The following the summary of startup method which was 

adopted. 

1) The bed material was filled up to 325 mm (as measured 

from plate) in all beds. All the four compartments were 

fluidized alternately so that the bed height was even in 

all compartments. 

2) The first compartment was fluidized at an air box 

pressure of 460 mmwc. The mixing was good. The 

primary air header pressure was at 850 mmwc to avoid 

choking of fuel transport lines. The fluidization was kept 

on for 5 minutes. This was done to ensure a good mount 

could be formed along the border between 1st & 2nd 

compartments. Their box pressure was reduced to zero 

and the border formation was checked. 

3) The bed height was physically checked and required bed 

material was further added to maintain 325-mm bed 

height in startup compartment. 

4) Charcoal equivalent to 15 % by weight of the startup bed 

was added to the start up compartment keeping the air 

box pressure at 350 mmwc. The bed was fluidizing even 

at this air box pressure, due to the right particle size. The 

charcoal was thrown into the bed. Nobody went inside 

the furnace. 

5) Now the air box pressure was brought down to 265 

mmwc, by adjusting the FD fan rpm. 

6) All the four burners were switched on. The oil igniter 

could continuously ignite the charcoal and throw the 

same to a farther point away from the burner. The 

primary air jet was also helping the building up of fire. 

The fire at first got established in pockets. The 

fluidization was happening at these locations. The 

charcoal, which was premixed earlier, could now get 

ignited easily with the ignited charcoal. The bed 

temperature was rising to 650 deg C almost in all 

locations in 15 minutes time and the fluidization had 

commenced automatically over the entire bed. 

7) 7)The burners were put off now. The primary air pressure 

was raised to 925 mmwc To ensure the fuels lines are not 

choked while coal feeding. The fuel feeders were started 

immediately. 

8) 8)Now the fuel feeder rpm was controlled in order to 

maintain the bed temperature at 850 to 900 deg C. No 

change was done on airflow. The bed height inside was 

found to be about 200 mm as read by the new bed 

pressure tapping. That ensured a DP drop of65 mmwc 

now. 

9) In the next half an hour the bed height was raised to 250-

mm by throwing additional bed material into the start up 

compartment. The airflow was increased gradually to 

maintain 80- mmwc DP drop. 

IV. TYRE PYROLYSIS OIL 

 
Fig. 3: 

Tyre Pyrolysis Oil is one of the product of pyrolysis 

of tyres, the oil is wide used as industrial fuel to substitute 

furnace oil or industrial diesel. Typical industrial applications 

of pyrolysis oil as a fuel, the fuel oil is mainly used in 

Machine do not require high quality fuel oil. 

The pyrolysis oil is extracted from waste tyre or 

waste plastic by our pyrolysis plant, the pyrolysis plant is a 

machine converts waste tyre to oil. During the process of 

converting waste tyre/plastic to fuel oil there will be no 

pollution and solid waste. The end product of pyrolysis plant 

is fuel oil, carbon black, and oil gas. The raw material such as 

waste plastic/tyre will be heated in reactor, then the waste tyre 

/plastic will vaporize, the vaporize oil gas will go into 

condenser and condensed into liquid fuel oil. the fuel oil is a 

good energy. The de dusting system will deal with the waste 

perfectly, just little energy is required to heat the energy, the 

oil gas which cannot be condensed will be recycled back to 

heat reactor Thus, will save much energy. 

V. PROPERTIES COMPARISON OF TYRE PYROLYSIS OIL AND 

OTHER FUEL 

The various types of fuels like liquid, solid and gaseous fuels 

are available for firing in boilers, furnaces and other 

combustion equipments. The selection of right type of fuel 

depends on various factors such as availability, storage, 

handling, pollution and landed cost of fuel. 

The knowledge of the fuel properties helps in 

selecting the right fuel for the right purpose and efficient use 

of the fuel. The following characteristics are generally used 

for assessing the nature and quality of fuels. The various 

properties of liquid fuels are given below. 

A. Density: 

This is defined as the ratio of the mass of the fuel to the 

volume of the fuel at a reference temperature of 15°C. 

Density is measured by an instrument called hydrometer. The 

knowledge of density is useful for quantity calculations and 

assessing ignition quality. The unit of density is kg/m3. 

Typical figures are given in the table. 

B. Specific Gravity: 

This is defined as the ratio of the weight of a given volume of 

oil to the weight of the same volume of water at a given 

temperature. The density of fuel, relative to water, is called 

specific gravity. The specific gravity of water is defined as 1. 

Since specific gravity is a ratio, it has no units. The 

measurement of specific gravity is generally made by a 

hydrometer. Specific gravity is used in calculations involving 

weights and volumes. The specific gravity of various fuel oils 

are given in table. 
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C. Viscosity: 

The viscosity of a fluid is a measure of its internal resistance 

to flow. Viscosity depends on temperature and decreases as 

the temperature increases. Any numerical value for viscosity 

has no meaning unless the temperature is also specified. 

Viscosity is measured in Stokes / Centistokes. Sometimes 

viscosity is also quoted in Engler, Saybolt or Redwood. Each 

type of oil has its own temperature - viscosity relationship. 

The measurement of viscosity is made with an instrument 

called Viscometer. 

Viscosity is the most important characteristic in the 

storage and use of fuel oil. It influences the degree of pre-heat 

required for handling, storage and satisfactory atomization. If 

the oil is too viscous, it may become difficult to pump, hard 

to light the burner, and tough to operate. Poor atomization 

may result in the formation of carbon deposits on the burner 

tips or on the walls. Therefore pre-heating is necessary for 

proper atomization. 

D. Flash Point: 

The flash point of a fuel is the lowest temperature at which 

the fuel can be heated so that the vapor gives off flashes 

momentarily when an open flame is passed over it. Flash 

point for furnace oil is 66®C. 

E. Calarofic Value: 

The calorific value is the measurement of heat or energy 

produced, and is measured either as gross calorific value or 

net calorific value. The difference being the latent heat of 

condensation of the water vapor produced during the 

combustion process. Gross calorific value (GCV) assumes all 

vapor produced during the combustion process is fully 

condensed. Net calorific value (NCV) assumes the water 

leaves with the combustion products without fully being 

condensed. Fuels should be compared based on the net 

calorific value. The calorific value of coal varies considerably 

depending on the ash, moisture content and the type of coal 

while calorific values of fuel oils are much more consistent. 

The typical Gross Calorific Values of some of the commonly 

used liquid fuels are given in the table. 

F. Sulpher Content: 

The amount of sulphur in the fuel oil depends mainly on the 

source of the crude oil and to a lesser extent on the refining 

process. The normal sulfur content for the residual fuel oil 

(furnace oil) is in the order of 2-4 %. Typical values are given 

in the table. 

G. Ash Content: 

The ash value is related to the inorganic material in the fuel 

oil. The ash levels of distillate fuels are negligible. Residual 

fuels have more of the ash-forming constituents. These salts 

may be compounds of sodium, vanadium, calcium, 

magnesium, silicon, iron, aluminum, nickel, etc. Typically, 

the ash value is in the range 0.03-0.07 %. Excessive ash in 

liquid fuels can cause fouling deposits in the combustion 

equipment. Ash has erosive effect on the burner tips, causes 

damage to the refractories at high temperatures and gives rise 

to high temperature corrosion and fouling of equipments.  

 

 
Table 4.1: Density of various field 

 
Table 4.2: Specific gravity of fuels 

 
Fig. 4.2:  Specific gravity comparation of fuels 

 
Table 4.3: viscosity of fuels 

 
Fig. 4.3: viscosity of fuels 

 
Fig. 4.4: Flash point comparation of fuels 

 
Table 4.5: Calorific values of fuels 

 
Table 4.5: Sulpher Content of fuels 
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Fig. 4.6: Caorific value Comparation of fuels 

 
Table 4.7: ASH Content of fuels 

 
Fig. 4.8: ASH Content Comparation of Fuels 

Recently the cost of light diesel oil is 37-42 Rs/ liter. The cost 

of tyre pyrolysis oil is 23-25 Rs/ liter. 

 
Fig. 4.9: Cost Comparation of Fuels 

VI. CONCLUSION 

Normally In boiler start up process light deisel oil uses,It 

properties , cost and other things are most suitable for in this 

boiler start up process compare to other fuels. 

But Physical properties of tyre oil indicate relatively 

good fuel. The pyrolysis Liquids such as density, viscosity, 

GCV, carbon & sulphur content are found almost comparable 

to those of the light diesel oil. But only the lower flash point 

are problematic. and cost of pyrolysis oil is relatively low 

compare to light diesel oil .by solving prolem of low flash 

point we can say tyre pyrolysis oil can be use as boiler start 

uo .So load on crude oil is decrese and It is also economical 

beneficial to power plant. 
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