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Abstract 

Coal based thermal power plants in India are required to ensure 100% utilization of fly ash. To assist informed decision making 
and planning, the study aims to forecast quantum of fly ash utilization to be contributed by key applications in coming future. 
The annual time series data of utilization, published by Central Electricity Authority, categorized in seven application groups, was 
subjected to regression analysis to identify the pattern of growth. Regression model for each application group were developed. 
Fitness of the models was accessed based on and t-value and r-square (R2) statistics. Forecast is generated by extrapolating the 
identified patterns. Further, application groups are ranked based on the quantum of fly ash utilization predicted to be contributed 
by them. The application group consisting cement and concert is predicted to be the top contributor with utilization quantity about 
65 MT (Million Tonne) in the financial year 2020. The group consisting construction of roads, embankments and ash-dyke-
raising is ranked second, the group consisting reclamation of low lying areas, land filling is ranked third. The group named 
‘others’, which consists various applications of fly ash is ranked forth and predicted to contribute about 13 MT in the financial 
year 2020. It is suggested that a further investigation of its compositions might reveal some promising applications. The finding 
of the study is expected to assist in decision making and planning effective utilization of fly ash. 
 
Keywords: Fly ash utilization; Forecasting; Regression Models; Technology Management, Decision making and 
planning.    
 
1. INTRODUCTION 
Fly ash is a by-product of coal based thermal power plants. According to Central Electricity Authority (CEA), in the 
financial year (FY) 20123, India generated about 163 MT (Million Tonne) of fly ash [1]. With the increasing demand of 
electricity and coal being the major source of energy, generation of fly ash has been increasing in past and is predicted to 
continue increasing in coming future [2]. Such a huge volume of fly ash is a great environment challenge as it is known 
to pollute air, water and soil. On the flip side, it is also a great opportunity as fly ash can be utilized in various innovative 
products and applications. The history of utilization of fly ash in India can be traced back to 1960’s, when the process 
started with academic interest and scientific inquiries, and then it migrated to the phase of demonstration at laboratory 
scale and prototype products in 1980’s [3]. 
Continuous progress in research and development has enabled fly ash to be utilized in numerous innovative products and 
applications. For example in construction sector fly ash can be utilized for production of Portland pozzolana cement, 
bricks, blocks, roller compacted concrete and asphalt concrete [4]. In road construction it can be used for embankment 
and different layers of flexible and rigid pavements [5]. In agriculture sector fly ash can be used as a soil ameliorant to 
improve the biological, chemical, and physical properties of soils [6]. Fly ash can be utilized in landfill, mine back fill, 
open cast mine filling and land reclamation [7]. It can be used for bio-processing of solid wastes and secondary resources 
for metal extraction [8]. Fly ash can also be used to for production of mullite, glasses, glass ceramics [9], construction of 
dams, ash-dyke raising, landfills, tiles and paint industry [10]. 
Though the advancement in research and development has technologically enabled numerous innovative applications of 
fly ash, only few of these applications could become commercially successful. The utilization of fly ash during the year 
1994 was 1 MT only as against a generation of 40 MT [2]. In subsequent years the utilization had a growing trend. 
According to CEA in FY 1998 about 11.68 MT of fly ash was utilized [1]. In that year reclamation of low lying areas and 
land filling ranked first with a contribution of about 3.92 MT. Concrete & cement manufacturing ranked second with a 
contribution of 2.8 MT. Just after a year, in FY 1999 concrete & cement manufacturing, ranked first with a contribution 
of about 3.91MT. Then onwards concrete & cement manufacturing remains top contributor till present. In FY 2012 
concrete & cement accounted for about 42% of total utilization, the group consisting construction of roads, embankments 
and ash-dyke-raising contributed 17% of total utilization and the group consisting reclamation of low lying areas, land 
filling contributed about 12% of total utilization [1]. These historical data published by CEA aids in managing fly ash. In 
addition to this, a prediction of utilization quantity likely to be contributed by these applications in coming future, is 
expected to further assist in effective planning and management of fly ash utilization. 
In FY 2012 about 100 MT of fly ash was utilized in various applications and about 63 MT remains unutilized [1]. Coal 

 
1 Indian financial year is 1st April 2012 to 31st March, e.g. FY 2012 is 1st April 2012 to 31st March 2013. 
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based thermal power plants are required to ensure 100% utilization. To assist informed decision making and planning, 
the aim of this study is to forecast utilization of fly ash for select key applications. The importance of forecast is 
increasing as management attempts to decrease its dependence on chance and becomes more scientific in decision making 
and planning [11]. There are two methods of forecasting qualitative and quantitative. Quantitative method attempts to 
forecast future by analysing past. The quantitative method of statistically identifying, modelling, and extrapolating the 
patterns found in historical data, is considered suitable for short- and medium-term forecasting as historical data usually 
exhibit inertia and do not change dramatically very quickly [12]. The study attempts to identify the trend in historical data 
with help of simple linear regression analysis. The simple linear regression model involves a single predictor variable 
[12] and is written as: 

 
yx = a + bx + ex                                     (1) 

 
where yx is the response, x is the predictor variable, a and b are unknown parameters, and ex is an error term. The model 
parameters a (intercept) and b (slope) are estimated from a sample of data. The error term ex accounts for deviations of 
the actual data from the trend line specified by the model equation. ex is regarded as a statistical error, and typically 
assumed to be normally distributed with mean zero and its variance is not depend on the value of the predictor variable or 
any other variable [12]. 
 
2. DATA AND METHODOLOGY 
Annual time series data used for forecasting in this study is obtained from CEA’s report on fly ash generation at 
coal/lignite based thermal power stations and its utilization in the country [1]. On behalf of Ministry of Power (MOP), 
CEA has been monitoring the fly ash generation and its utilization since the year 1996. The latest report dated January 
2014 presents historical data of annual utilization of fly ash for seven application groups, for 15 years period, starting 
from FY 1998 to FY 2012. A brief description of the seven application groups is presented in Table 1.  

Table 1: A brief description of the seven application groups 
Applicatio
n Group 

Short 
Name Description 

Group 1 Ceme Consists cement manufacturing & concrete  
Group 2 Recl Consists reclamation of low lying areas & land filling 
Group 3 Road Consists construction of roads, embankments & ash-dyke-raising 
Group 4 Mine Consists mine filling 
Group 5 Bric Consists fly-ash based bricks, blocks and tiles 
Group 6 Agri Consists utilization in agriculture sector. 
Group 7 Othe Named ‘others’, consists various other applications of fly ash 

 
The historical data of annual utilization of fly ash for seven application groups, extracted from the graphs provided in 
CEA’s report, is presented in the Table 2. A consolidated sequential chart was prepared using the annual time series data 
(Table 2), with help of statistical software package SPSS Version 20.0, as illustrated in Figure 1. The graph shows a trend 
of increasing annual utilization of fly ash with respect to time i.e. FY. It also shows that the rate of increase varies with 
application groups. A procedure for predicting trends is known as trend analysis (or trend-line analysis) and can be 
performed using different methods such as simple regression, exponential smoothing or simply the percentage change 
between two points in time, etc. [13]. Trends may have upward or downward movements and these movements might be 
linear or nonlinear curves [14]. The graphs in sequential chart indicate that the movements are upward and relationship 
can be assumed to be linear. Thus simple linear regression analysis seems to be justified. Armstrong [13] cites various 
studies which found simple methods are generally as accurate as complex methods and recommends using a simple 
representation of trend unless there is strong evidence to the contrary. A great advantage of simple regression is that it is 
easy to understand graphically [15]. Simplicity reduces the likelihood of mistakes and also aids decision makers’ 
understanding and implementation [13]. Further if a nonlinear trend is attempted to fit into a linear equation, it would not 
give a good fit and can be identified using t-value and r-square (R2) statistics [14]. 

Table 2: Time series data of fly ash utilization for seven application groups 

SN FY 
Group 1 

Ceme 
(MT) 

Group 2 
Recl 
(MT) 

Group 3 
Road 
(MT) 

Group 4 
Mine 
(MT) 

Group 5 
Bric 
(MT) 

Group 6 
Agri 
(MT) 

Group 7 
Othe 
(MT) 

1 1998 2.8 3.92 1 0.5 0.9 0.1 0 
2 1999 3.91 2.5 0.3 1 0.9 0.3 0 
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3 2000 6 2.5 2.7 1 0.9 0.3 0.14 
4 2001 6.7 3 1.5 1.5 0.9 0.3 1.67 
5 2002 8.3 3.5 5 2 1.4 0.5 0.09 
6 2003 12 2.5 7.5 3.5 1.4 0.3 1.09 
7 2004 14 6 7.5 3.9 2.9 0.3 2.89 
8 2005 19.6 10 6.4 4.2 2.1 0.3 2.62 
9 2006 24 11.5 8.5 4 2.9 0.3 3.81 
10 2007 28.8 8.5 12 4.1 3.7 2.3 2.58 
11 2008 28.3 8.5 10.9 4.5 6 2.9 5.54 
12 2009 30.5 7.5 12 7 5 3.2 12.13 
13 2010 35.47 9.31 8.52 6.04 4.61 1.27 7.91 
14 2011 38.71 14.21 11.4 7.74 5.83 0.88 6.28 
15 2012 42.36 11.83 16.95 10.34 9.98 2.5 6.41 

(Source: CEA, 2014) 
 

 

 
 

Figure 1 Sequential chart of fly ash utilization for application groups 
 
A simple linear regression analysis, using least squares method, was used to analyse the trend and forecast the quantum 
of utilization of fly ash to be contributed by each application group. The linear regression equation for this purpose might 
be expressed as follows: 
 

ygx = ag + bgx + egx                                     (2) 
 
where ygx denotes estimated annual utilization quantity of fly ash in Million Tonne, for the application group (g), for the 
financial year (x) and egx is the deviation of the data from the straight line defined by ag (the intercept for the group g) 
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and trend bg (the slope for the group g), which represents the rate of increase.  
 
The goodness of fit was accessed using t-value and R2 statistics. The t-value tests the hypothesis that there is no linear 
relationship between y and x that the slope of the population regression line is zero. The coefficient of determination R2 
measures the proportion of variance in the dependent variable that can be explained by the independent variable i.e. 
predictor. 
 
3. RESULT AND DISCUSSION 
Regression analysis was done for each application group with the help of statistical software package SPSS Version 20.0. 
The R2 statistics which measures the variability of the observed data explained by the regression model is presented in 
Table 3. It shows that about 98% variations in fly ash utilization quantity contributed by group 1 (cement and concert) are 
explained by the variations in time i.e. FY. Similarly variations in time explained about 74% of variations (in the fly ash 
utilization quantity contributed) for group 2 (reclamation of low lying areas, land filling), about 86% of variance for 
group 3 (construction of roads, embankments, ash-dyke-raising) about 90% of variance for group 4 (mine filling), about 
81% of variance for group 5 (fly ash based bricks, blocks, tiles), about 49% of variance for group 6 (agriculture) and 
about 70% of variance for group 7 (various other applications of fly ash). Thus, regression models for all groups show 
good fit, except for the regression model for group 6 (agriculture) which shows a moderate fit. 

Table 3: R2 statistics 
Applicatio
n Group Model Name R2 

Group 1 Ceme .978 

Group 2 Recl .737 
Group 3 Road .859 
Group 4 Mine .901 
Group 5 Bric .806 
Group 6 Agri .485 
Group 7 Othe .695 

 
The coefficients for each regression model and t value indicate significant linear relationship between the dependent 
variable and independent variable in all the models as presented in Table 4. Histogram of residue is presented in 
appendix.  
 
Using the regression model a forecast for 8 years, starting from FY 2013 to FY 2020 was estimated with help of SPSS 
and shown in Table 5. Application groups are ranked according to their performance in terms of quantum of fly ash 
utilization contributed by them as shown in Table 6. The forecast indicates that for FY 2020, the application group 
consisting cement & concrete is likely to remain the top contributor for utilization of fly ash, followed by the application 
group consisting construction of roads, embankments and ash-dyke raising. The application group consisting reclamation 
of low lying areas, land filling ranks third. The application group named ‘others’, consists various applications of fly ash 
each contributing small quantum of utilization in past. However in future some of them might contribute significantly. 
The rise of group from seventh rank in FY 2000 to the fourth rank, predicted to account for over 13MT of utilization in 
FY 2020, indicates that a further investigation on its compositions’, in terms of quantum of fly ash utilization contributed 
by them, might reveal some promising applications. 

Table 4: Model coefficients and t values 
Model Unstandardized Coefficients Standardized 

Coefficients 
t Sig. 

B Std. Error Beta 

Ceme 
(Constant) -5936.687 246.474  -24.086 .000 

FY 2.971 .123 .989 24.168 .000 

Recl 
(Constant) -1498.021 249.489  -6.004 .000 

FY .751 .124 .858 6.032 .000 

Road 
(Constant) -1976.398 223.091  -8.859 .000 

FY .989 .111 .927 8.893 .000 
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Mine 
(Constant) -1179.721 108.600  -10.863 .000 

FY .590 .054 .949 10.901 .000 

Bric 
(Constant) -1045.678 142.779  -7.324 .000 

FY .523 .071 .898 7.347 .000 

Agri 
(Constant) -342.163 98.164  -3.486 .004 

FY .171 .049 .696 3.496 .004 

Othe 
(Constant) -1310.375 241.189  -5.433 .000 

FY .655 .120 .834 5.448 .000 

Table 5: Result of forecast using the regression models 

FY 

Group 1 
Ceme 
(MT) 

 Group 2 
Recl   
(MT) 

Group 3  
Road 
(MT) 

Group 4 
Mine  
(MT) 

Group 5 
Bric   
(MT) 

Group 6 
Agri   
(MT) 

Group 7 
Othe  
(MT) 

2013 43.86 13.02 15.39 8.81 7.48 2.42 8.79 
2014 46.84 13.77 16.38 9.40 8.00 2.59 9.44 
2015 49.81 14.52 17.37 9.99 8.53 2.76 10.10 
2016 52.78 15.28 18.36 10.58 9.05 2.93 10.75 
2017 55.75 16.03 19.35 11.17 9.57 3.10 11.41 
2018 58.72 16.78 20.34 11.76 10.10 3.28 12.06 
2019 61.69 17.53 21.33 12.35 10.62 3.45 12.72 
2020 64.66 18.28 22.32 12.94 11.14 3.62 13.37 

Table 6: Ranking of application groups based on the quantum of utilization 
FY 

Group 
1998         

Rank (Qty. of 
fly ash uti.)  

2000         
Rank (Qty. of 
fly ash uti.) 

2005         
Rank (Qty. of 

fly ash uti.) 

2010           
Rank (Qty. of 
fly ash uti.) 

2015          
Rank (Qty. of 
fly ash uti.) 

2020          
Rank (Qty. of 

fly ash uti.) 
Ceme 2 (2.80 MT) 1 (6.00 MT) 1 (19.6 MT) 1 (35.47 MT) 1 (49.81 MT) 1 (64.66 MT) 
Recl 1 (3.92 MT) 3 (2.50 MT) 2 (10.0 MT) 2  (9.31 MT) 3 (14.52 MT) 3 (18.28 MT) 
Road 3 (1.00 MT) 2 (2.70 MT) 3 (6.40 MT) 3  (8.52 MT) 2 (17.37 MT) 2 (22.32 MT) 
Mine 5 (0.50 MT) 4 (1.00 MT) 4 (4.20 MT) 3  (6.04 MT) 5  (9.99 MT) 5 (12.94 MT) 
Bric 4 (0.90 MT) 5( 0.90 MT) 6 (2.10 MT) 6  (4.61 MT) 6  (8.53 MT) 6 (11.14 MT) 
Agri 6 (0.10 MT) 6 (0.30 MT) 7 (0.30 MT) 7  (1.27 MT) 7  (2.76 MT) 7  (3.62 MT) 
Oth 7 (0.00 MT) 7 (0.14 MT) 5 (2.62 MT) 5  (7.91 MT) 4 (10.53 MT) 4 (13.37 MT) 

Qty. of fly ash uti.: Quantity of fly ash utilization 
4. CONCLUSION 
The study develops regression models to identify the growth patterns of quantum of fly ash utilization contributed by key 
application groups. Fitness is accessed based on t-value and r-square (R2) statistics. A forecast is generated by 
extrapolating. Further, the application groups are ranked based on the quantum of utilization. If the existing trend 
continues, the application group consisting cement and concert is predicted to be the top contributor with fly ash 
utilization quantity about 65 MT in FY 2020. The group consisting construction of roads, embankments and ash-dyke-
raising is ranked second and predicted to contribute about 22 MT in FY 2020, much lower than the rank first. The group 
consisting reclamation of low lying areas, land filling is ranked third and closely follows the second in terms of quantum 
of utilization, predicted to be about 18 MT. The group named ‘others’, which consists various applications of fly ash is 
ranked forth and predicted to contribute about 13.37 MT in FY 2020. It is suggested that a further investigation of its 
compositions might reveal some promising applications. The finding of the study is expected to assist in decision making 
and planning effective utilization of fly ash. 
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