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Abstract— In India, coal will continue to remain a major 

source of fuel for generation of power. At present, about 65% 

power is produced by using coal as fuel, which results in the 

production of about 185 million tons of ash per annum. 

Considering the tremendous growth required in the power 

sector for the development of Indian economy, it is expected 

that ash generation will reach 225 million tons per annum by 

2020. Ash is good resource material for utilization in various 

areas such as manufacture of cement, cement concrete, 

embankment construction, low lying area filling etc. In India, 

during mid-seventies and early eighties, engineers/scientists 

were responsible for making standards/codes had understood 

the useful properties of the ash and necessary provision were 

made in various Bureau of Indian Standards (BIS) such as IS: 

456- 1976- Code of Practice for Plain and Reinforced 

Concrete, IS: 1489 (part-1)-1976 - Specification for Portland 

Pozzolana Cement, IS: 2250 -1981 - Code of practice for 

preparation of masonry mortar etc. However, fly ash 

utilization could not make an impact mainly because 

adequate arrangement for collection of fly ash at thermal 

power stations was not available. The quality of fly ash was 

not good due to high-unburnt carbon content and less 

fineness, and awareness was negligible. 
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I. INTRODUCTION 

Electricity is the key for development of any country. Coal is 

a major source of fuel for production of electricity in many 

countries in the world. In the process of electricity generation 

large quantity of fly ash gets produced and becomes available 

as a byproduct of coal-based power stations. It is a fine 

powder resulting from the combustion of powdered coal - 

transported by the flue gases of the boiler and collected in the 

Electrostatic Precipitators (ESP). 

Any coal based thermal power station may have the 

following four kinds of ash. 

 Fly ash: This kind of ash is extracted from flue gases 

through Electrostatic Precipitator in dry form. This ash is 

fine material & possesses good pozzolanic property. Fly 

Ash: 

 Bottom Ash: This kind of ash is collected in the bottom 

of boiler furnace. It is comparatively coarse material and 

contains higher unburnt carbon. It possesses zero or little 

pozzolanic property. 

II. VARIOUS USAGE OF ASH 

Pulverized Fuel Ash is versatile resource material and can be 

utilized in variety of application. The pozzolanic property of 

fly ash makes it a resource for making cement and other ash 

based products. The Geo-technical properties of bottom ash, 

pond ash & coarse fly ash allow it to use in construction of 

embankments, structural fills, reinforced fills low lying area 

development etc. The physic chemical properties of pond ash 

is similar to soil and it contains P, K, Ca, Mg, Cu, Zn, Mo, 

and Fe, etc. which are essential nutrients for plant growth. 

These properties enable it to be used as a soil amender & 

source of micronutrients in Agriculture/ Soil Amendment. 

The major utilization areas of PFA are as under: - 

1) Manufacture of Portland Pozzolana Cement & 

Performance improver in Ordinary Portland Cement 

(OPC). 

2) Part replacement of OPC in cement concrete. 

3) High volume fly ash concrete. 

4) Roller Compacted Concrete used for dam & pavement 

construction. 

5) Manufacture of ash bricks and other building products. 

6) Construction of road embankments, structural fills, low 

lying area development. 

7) As a soil amender in agriculture and wasteland 

development. 

III. CEMENT CONCRETE 

Cement concrete - most widely used construction material in 

the world over, commonly consists of cement, aggregates 

(fine and coarse) and water. It is the material, which is used 

more than any other man made material on the earth for 

construction works. In the concrete, cement chemically reacts 

with water and produces binding gel that binds other 

component together and creates stone type of material. 

Use of Portland cement in concrete started about 195 

years ago. The concept of high strength mean higher 

durability developed with low-grade cement inculcated 

confidence and Portland cement became unique construction 

material of the world. 

IV. ENVIRONMENTAL BENEFITS 

Use of fly ash in concrete imparts several environmental 

benefits and thus it is eco-friendly. It saves the cement 

requirement for the same strength thus saving of raw 

materials such as limestone, coal etc. required for 

manufacture of cement. 

Manufacture of cement is high-energy intensive 

industry. In the manufacturing of one tonne of cement, about 

1 tonne of CO is emitted and goes to atmosphere. Less 

requirement of cement means less emission of result in 

reduction in greenhouse gas emission. 

Fly ash is complex material having wide range of 

chemical, physical and mineralogical composition. The 

chemistry of fly ash depends on the type of coal burnt in 

boiler furnace, temperature of furnace, degree of 

pulverization of coal, efficiency of ESP etc. 

V. HOW FLY-ASH CAN BE USED IN CEMENT CONCRETE? 

The main objective of using fly ash in most of the cement 

concrete applications is to get durable concrete at reduced 

cost, which can be achieved by adopting one the following 

two methods: 
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1) Using Fly ash based Portland Pozzolana Cement (PPC) 

conforming to IS: 1489 Part-1 in place of Ordinary 

Portland Cement 

2) Using fly ash as an ingredient in cement concrete. 

The first method is most simple method, since PPC 

is factory-finished product and does not requires any 

additional quality check for fly ash during production of 

concrete. In this method the proportion of fly ash and cement 

is, however, fixed and limits the proportioning of fly ash in 

concrete mixes. 

The addition of fly ash as additional ingredients at 

concrete mixing stage as part replacement of OPC and fine 

aggregates is more flexible method. It allows for maximum 

utilization of the quality fly ash as an important component 

(cementitious and as fine aggregates) of concrete. 

A. Simple Replacement Method 

In this method a part of the OPC is replaced by fly ash on a 

one to one basis by mass of cement. In this process, the early 

strength of concrete is lower and higher strength is developed 

after 56-90 days. At early ages fly ash exhibits very little 

cementing value. At later ages when liberated lime resulting 

from hydration of cement, reacts with fly ash and contributes 

considerable strength to the concrete. This method of fly ash 

use is adopted for mass concrete works where initial strength 

of concrete has less importance compared to the reduction of 

temperature rise. 

B. Modified Replacement Method 

This method is useful to make strength of fly ash concrete 

equivalent to the strength of control mix (without fly ash 

concrete) at early ages i.e. between 3 and 28 days. In this 

method fly ash is used by replacing part of OPC by mass 

along with adjustment in quantity of fine aggregates and 

water. The concrete mixes designed by this method will have 

a total weight of OPC and fly ash higher than the weight of 

the cement used in comparable to control mix i.e. without fly 

ash mix. In this method the quantity of cementitious material 

(OPC + Fly ash) is kept higher than quantity of cement in 

control mix (without fly ash) to offset the reduction in early 

strength 

VI. EFFECT OF QUALITY OF FLY ASH ON CONCRETE 

The characteristics of fly ash depend upon the characteristics 

of coal burnt in the furnace of boiler, degree of pulverization 

of coal, rate and temperature of combustion, fuel/ air ratio etc. 

The important characteristics, which affect the performance 

of fly ash in concrete, are Loss on Ignition (LOI) Fineness 

Calcium (CaO) content. 

VII. TYPES OF CEMENTS 

The various types of the cements generally available in the 

market are: Ordinary Portland Cement - 33 Grade (as per IS: 

269- 1989 - Reaffirmed 2004) 43 Grade Ordinary Portland 

Cement (as per IS: 8112 1989 - Reaffirmed 2005) 53 Grade 

Ordinary Portland Cement (as per IS: 12269 1987 - 

Reaffirmed 2004) Portland Pozzolana Cement fly ash based 

(as per IS: 1489 part-1- 1991- Reaffirmed 2005) Portland 

Pozzolana Cement calcined clay based (as per IS: 1489 part-

2 1991 - Reaffirmed 2005) Portland Slag Cement (as per IS: 

455 1989 - Reaffirmed 2005) 
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