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Abstract: The calorific value is one of the most important properties of biomass fuels for design calculations or numerical 
simulations in thermo chemical conversion systems for biomass. There are a number of formulae proposed in the literature to 
estimate the calorific value of biomass fuels from its elementary components by i.e. proximate, ultimate and chemical 
analysis composition. In this project, these correlations were evaluated statistically by Regression Analysis using SPSS 
software based on a database of biomass samples collected from the open literature. It was found that the correlations based 
on linear multiple regression analysis is the most accurate.The correlation between the Calorific value and elemental 
components of biomass could be conveniently used to estimate the Calorific Value from Regression analysis. The data points 
considered for correlation by regression analysis ranges in carbon content from (27.80% to 92.70)%, hydrogen content (0.10 
to 8.80)%, oxygen content (0.20 to 49.50)%, nitrogen content (0.00 to 5.95)% and sulphur (0.00 to 1.05) wt. % on dry basis, 
the derived correlation can be accepted as ‘general correlation’ for the estimation of calorific value of biomass from its 
elemental components within the above specified ranges.. 
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I. INTRODUCTION 
 
Energy is the primary driver of the world’s 
economies. Increasing populations and expectations 
of improved standards of living are accelerating the 
demand for energy. Theorists have acknowledged the 
positive or direct relationship between economic 
growth and greenhouse gas (GHG) emissions. One of 
the key variables affecting this positive relationship is 
increased energy demand as a result of economic 
well-being. India is one of the fastest growing 
countries in the world, with a GDP growth exceeding 
8% consistently for the last two years, and this trend 
is expected to continue. India’s energy demand is 
expected to be more than three to four times its 
current level in another 25 years (Planning 
Commission, 2005). 
 
Present primary energy use in India is dominated by 
fossil fuels: 40% of primary energy supply and 59% 
of power generation come from coal (IEA, 2007). 
The rising energy demand in India is expected to lead 
to a further increase in the use of fossil fuels. This 
will not only lead to growing GHG emissions and 
increased environmental problems, but will also to 
vast social problems such as inequalities between 
rural and urban populations, health-related disorders, 
and other community-level issues. Whilst looking to 
reduce fossil fuel use, India faces a tough task in 
meeting its energy needs, especially rural energy 
needs. The rural population of India, which 
constitutes close to 70% of the population, consumes 
less than 40% of the total energy supply and one-third 
of the total power generated. Furthermore, though 
74% of Indian villages were electrified as of March 
2005, only 54.9% of households had access to 

electricity, compared to 92% of urban households. 
Close to 45% of rural households still depend on 
kerosene for lighting and about 75% still depend on 
fuel wood (in traditional stoves) for cooking (Census 
of India 2001; NSSO, 2007). 
 
India has large potential for the adoption of 
renewable energy, a potential that goes beyond 
addressing environmental concerns. Overall, the 
underlying principle is to gain from the current 
worldwide interest in renewable energy for three 
reasons: 
 

1. To meet the growing demand for energy 
within the country, especially in rural areas 

2. To reduce GHG emissions and help 
contribute to climate change mitigation 

3. To capitalize on the expanding market for 
renewable energy and secure an early 
market. 

 
India, together with other developing countries, has 
for the first time given indications that it is reducing 
GHG emissions, as is evident in the Cancun Climate 
Agreement of 2010. Although the emissions cuts are 
not currently legally binding, policy-makers have 
made it clear that reliance on traditional sources of 
energy will no longer suffice as a policy option. The 
market for renewable energy systems in rural and 
urban markets in India is set to grow exponentially. 
Of these, bioenergy is especially prominent. 90% of 
rural energy needs and 40% of urban energy needs 
are met by biomass (TERI, 2010). Despite this, 
bioenergy does not figure in most energy studies and 
is classified as ‘non-commercial’ energy. Bioenergy 
data are considered as ‘inadequate and not up-to-
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date’, since it is not transacted on the market (FAO, 
2010). While 
 
India has progressed well in initiating renewable 
energy programs in general, increasing renewable 
energy (electricity) share from 2% (1628 MW) in 
2002 to 11% (18,155 MW) in 2010, bioenergy 
programs have not been on par with traditional 
sources of energy and at their full potential (MNRE, 
2010). The article highlights the evolution of 
bioenergy from an institutional and policy standpoint, 
underlines progress and achievements, identifies 
barriers and proposes recommendations for their 
removal. 
 
Renewable energy is of growing importance in 
satisfying environmental concerns over fossil fuel 
usage and its contribution to the Greenhouse Effect. 
Wood and other forms of biomass are some of the 
main renewable energy resources available and 
provide the only source of renewable liquid, gaseous 
and solid fuels. Wood and bio-mass can be used in a 
variety of ways to provide energy:- 
 

 By direct combustion to provide heat for use 
in heating, for steam production and hence 
electricity generation. 

 By gasification to provide a fuel gas for 
combustion for heat, or in an engine or 
turbine for electricity generation; 

 By fast pyrolysis to provide a liquid fuel that 
can substitute for fuel oil in any static 
heating or electricity generation application. 
The liquid can also be used to produce a 
range of specialty and commodity 
chemicals. 

 
Biomass is one of the most promising renewable 
energy resources on earth which is used in the form 
of solid, liquid and gaseous fuels. The demand for 
bioenergy systems in small scale industry is 
increasing at faster rate due to its lower investment 
cost. Currently bioenergy is the second largest 
commercial renewable energy source. Current total 
biomass energy usage ranges around 12% of world 
total primary energy consumption, mainly in 
traditional applications like cooking in developing 
nations like India. Also the usage of wood for heating 
purposes is increasing day-today. Normal domestic 
wood-burning appliances include fireplaces, pellet 
stoves and burners, central heating furnaces and 
boilers for wood logs and wood pellets. 
 
The calorific value of biomass is an indication of the 
energy chemically bound in it and in the combustion 
process it is converted into heat energy. Calorific 
value is the most important property of a fuel which 
determines the energy value of it. The design and 
control of a biomass combustor depend strongly on 
the calorific value of the biomass fuel. The calorific 

value of a biomass fuel can be determined 
experimentally or can be calculated from ultimate 
and/or proximate analyses. 
Disadvantages of biomass are the competition with 
food and feed, the high supply cost, low energy 
density, high conversion cost, and the seasonality. 

 
II. BIOMASS CONVERSION PROCESS 
 
The biomass conversion process (Bio conversion 
process) has several routes depending upon 
temperature, pressure, micro-organisms utilized, 
process and the culture conditions. These routes are 
classified in following three broad categories. 
 
 Direct Combustion 
 Thermochemical Conversion 
 Biochemical Conversion 

 

 
 
2.1. Thermochemical Conversion 
Biomass is decomposed in thermo-chemical 
processes having various combinations of 
temperatures and pressures. Gasification is a process 
in which combustible materials are partially oxidized. 
The product of gasification is a combustible synthesis 
gas. Since gasification involves the partial oxidization 
of the feed rather than complete, gasification 
processes operate in an oxygen-lean environment. 
Gasification of Biomass is carried out by one of the 
following two processes. 

 Heating the biomass with limited air or 
oxygen. 

 Heating at high temperature and high 
pressure in presence of steam and 
oxygen. 

 
Biomass can be converted into gases, liquids, and 
solids through pyrolysis at temperatures of 500 -
900°C by heating in a closed vessel in the absence of 
oxygen. 
 
Pyrolysis is a thermochemical decomposition of 
organic material at elevated temperatures in the 
absence of oxygen. Pyrolysis typically occurs under 
pressure and at operating temperatures above 430 °C 
(800 °F).Pyrolysis also plays an important role in 
several cooking procedures, such as baking, frying, 
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grilling, and caramelizing In addition, it is a tool of 
chemical analysis, for example, in mass spectrometry 
and in carbon-14 dating. 
 
2.2 Thermal Properties of Biomass 
Each type of biomass has its specific properties which 
determine its performance as a fuel in combustion. 
Most important properties regarding thermal 
conversion of fuels is as follows. 

 Moisture content 
 Ash content 
 Volatile matter content 
 Elemental composition 
 Calorific value 
 Bulk density 

 
2.2.1 Moisture Content 
The moisture content of biomass is the quantity of 
water in the material, expressed as a percentage of the 
material's weight. This weight can be referred to on 
wet basis and on dry ash free basis. If the moisture 
content is determined on a ‘wet’ basis, the water's 
weight is expressed as a percentage of the sum of the 
weight of the water, ash, and dry-and-ash-free matter. 
Similarly, when calculating the moisture content on a 
‘dry’ basis (however contradictory that may seem), 
the water’s weight is expressed as a percentage of the 
weight of the ash and dry-and-ash-free matter. 
Finally, the moisture content can be expressed as a 
percentage of the "dry and-ash-free" matter content. 
 
2.2.2 Ash Content 
The inorganic component can be expressed as same 
as the moisture content on a wet, dry and ash free 
basis. In general it is expressed on dry basis. It is the 
inorganic matter left out after complete combustion 
of the biomass. Generally contains mainly Calcium, 
Potassium, Magnesium and Phosphorus elements that 
affect the ash fusion.  
The ash value is an integral part of the plant structure 
that consists of a wide range of elements that 
represents less than 0.5 % in wood and 10 % in 
diverse agricultural crop material and up to 30-40 % 
in rice husks and milfoil. 
 
2.2.3  Volatile Matter Content 
Volatile matter refers to the part of the biomass that is 
released when the biomass is heated (up to 400 to 
500°C). During this heating process the biomass 
decomposes into volatile gases and solid char. 
Biomass typically has a high volatile matter content 
(up to 80 percent), whereas coal has a low volatile 
matter content (less than 20 percent) or, in the case of 
anthracite coal, a negligible one.  
 
2.2.4 Elemental Composition 
The composition of the ash-free organic component 
of biomass is relatively uniform. The major 
components are carbon, oxygen, and hydrogen. Most 
biomass also contains a small proportion of nitrogen 

and sulphur. The carbon (C), hydrogen (H), oxygen 
(O), sulphur(S) and nitrogen (N) determination in 
biomass represents the so called elementary analysis. 
These elements are detected by an elemental 
analyzer. About 200 mg of sample are burned at 900 
° C in an oxygen atmosphere, so the C is converted 
into CO2, H in H2O, S into SO2 and the N in N2. 
The first three compounds are detected quantitatively 
by an IR detector, while N2 is determined by a 
thermal conductivity detector. 
 
2.2.5 Calorific Value 
The calorific value is one of the most important 
characteristics of a fuel, and it is useful for planning 
and control of the combustion plants. It indicates the 
amount of heat that develops from the mass (weight) 
in its complete combustion with oxygen in a 
calorimeter standardize. It is defined as the amount 
heat energy released during the complete combustion 
of unit mass of biomass. 
There are two types of calorific value (usually 
expressed in kcal/kg or MJ/kg) might be considered. 
 
2.2.6 Bulk Density 
Bulk density refers to the weight of material per unit 
of volume. For biomass it is generally expressed on 
an oven-dry-weight basis (zero moisture content) 
with a corresponding indication of moisture content. 
Similar to biomass moisture contents, biomass bulk 
densities show extreme variation, from lows of 150 to 
200 kg/m3 for cereal grain straws and shavings to 
highs of 600 to 900 kg/m3 for solid wood. Together, 
heating value and bulk density determine the energy 
density-that is, the potential energy available per unit 
volume of the biomass. In general, biomass energy 
densities are approximately one-tenth that of fossil 
fuels such as petroleum or high quality coal. 
 
III. METHODOLOGY 

 
3.1  Derivation of correlation 
Steps involved in development and derivation of 
correlation are as follows: 
 
3.1.1 Collection of data 
The data containing a large number of biomass 
materials like pits, shells, seeds, energy crops, cobs, 
fuel wood, bark, hull-husk, straws, stalks, fibrous 
materials etc., from the published literature have been 
used to cover different values of carbon, hydrogen, 
sulphur, oxygen and nitrogen contents. Major sources 
of data are given in Table 1. 
 
3.1.2 Selection of suitable data 
Through the process of collection of data information 
about 30 samples has been collected. The samples 
were so selected such that they approximately 
represent the relative proportion of their occurrence 
in nature and thus permit a derivation of useful 
correlation. The data points considered for correlation 
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by regression analysis ranges in carbon content from 
(27.80% to 92.70)%, hydrogen content (0.10 to 
8.80)%, oxygen content (0.20 to 49.50)%, nitrogen 
content (0.00 to 5.95)% and sulphur (0.00 to 
1.05)(wt. % on dry basis). 
 
 3.1.3 Selection of Suitable forms of correlation 
There are many correlations; both linear and 
nonlinear were proposed. They mostly are rated on 
the basis of R-squared value. R-squared is Pearson’s 
regression coefficient which ranges from 0 to 1. R-
squared value above 0.5 is valid and above 0.7 is the 
best R-squared value for a given correlation. The R-
squared value can be determined using Regression 
analysis for multivariable from ‘IBM SPSS Statistics 
20’ software. 
  
3.1.4 Validation of correlation 
To confirm the validity of these equations, a variety 
of various samples were examined. Table 1 shows the 
results obtained. Residual in the table gives the error 
obtained by statistical analysis. It is obtained by the 
difference in the actual calorific value to that of the 
predicted value. The actual and computed values have 
been represented graphically 
 

TABLE 1 Data collected from the published 
literature 

 

IV. RESULTS AND DISCUSSION 
 
The Regression analysis gives the estimation of 
calorific value of the biomass from its elemental 
components. It is the easiest method for finding the 
correlation to characterize a biomass fuel. Hence the 
following graphical representations and tables give 
the relationship between the calorific values and the 
elemental components of biomass and their 
correlation shown in Table 2. 
 

TABLE 1 Coefficients of Regression analysis 

 
 
The linear function of a dependent variable (calorific 
value) from the linear regression analysis is taken as 
the following equation: 
C.V. (calorific value) = 0.644 + .251(C) + 1.068(H) + 
.011(O) - .328(N) – 1.114(S)  
Where calorific value is a dependent variable and C, 
H, O, N and S are independent variables. 

 
(a) 

 
(b) 

Serial 
no.

Raw materials Carbon 
(%) C

Hydro
gen(%

) H

Oxygen
(%) O

Nitrogen
(%) 

Sulphur
(%) S

Calorific
value 

(Mj/kg)
Ref.

1 Coconut shell 50.22 5.7 43.37 0 0 20.49 7

2 cotton Stalks 39.47 5.07 38.09 1.25 0.02 15.83 15

4 Bagasse 44.8 5.35 39.55 0.38 0.01 17.33 12

4 Rice husks 38.92 5.1 37.89 2.17 0.12 15.67 16

5 Ply wood 48.15 5.87 44.75 0.03 0 18.95 8

6 Saw dust 47.13 5.86 40.35 0.65 0.16 19.97 11

7 Sunflower shell 47.4 5.8 41.3 1.4 0.05 18.23 9

8 wood chips 48.1 5.99 45.74 0.08 0 19.91 18

9 Wheat straw 45.5 5.1 34.1 1.8  0 17 15

10 Paddy straw 35.97 5.28 43.08 0.17  0 14.522 17

11 cotton stalks 39.47 5.07 39.14 0.45 0.16 20.05 17

12 Animal waste 35.1 5.3 38.7 2.5 0.4 13.4 9

13 Poplar 47.5 5.9  0 0.23  0 19.2 1

14 Bagasse 47 6.5  0 0  0 17.5 1

15 Saw dust 52.28 5.2  0 0.47  0 18.5 9

16 Straw 35.9 5.28  0 0.17  0 15.5 9

17 Wood 52.3 5.2  0 0.5  0 18.5 9

18 Fruit  bunches 45.53 5.46  0 0.45  0 20.41 9

19 Plywood 48.15 5.87 44.75 0.03 0 19.72 8

20 Corn cob 1 46.58 5.87 45.46 0.47 0.01 18.77 16

21 Groundnut shell 45.72 5.96 43.41  0  0 19.2 18

22 cotton gin waste 42.66 6.05 49.5 0.18 0 17.48 13

23 cotton gin trash 39.59 5.26 36.38 2.09 0 16.42 14

24 tea waste 48.6 5.5 39.5 0.5 0  17.1 9

25 tea bush 47.67 6.13 43.16 1.33 0  19.84 15

26 akhrot pit 49.81 5.64 42.96 0  0  18.85 15

27 sewage sludge 14.2 2.1 10.5 1.1 0.7 4.74 8

Stand
ardize

d 
Coeffic
ients

B
Std. 
Error Beta

(Constant) 0.644 3.51 0.184 0.856

C 0.251 0.07 0.609 3.737 0.001

H 1.068 0.66 0.261 1.607 0.123

O 0.011 0.02 0.065 0.722 0.479
N -0.328 0.4 -0.08 -0.83 0.416

S -1.114 3.23 -0.05 -0.345 0.733

Unstandardiz
ed 

Coefficients t Sig.Model
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(c) 

 
(d) 

 
(e) 

Fig.1. (a, b, c, d & e)give the variation of calorific value of 
biomass with respect to elemental components. 

 
We can see that carbon is increasing linearly with the 
increase in calorific value and at the same time there 
decrease of nitrogen content with the increase in 
calorific value. It  gives the curve estimation for the 
predicted calorific value and the actual calorific value 
with respect to each elemental composition such that 
it give the brief information about the influence of 
particular component on the correlation function. 
From the above graphs it is evident that the calorific 
value has a very strong influence of its carbon 
content. 
The correlation have been derived based on the 
collection of data from the published or open 
literature, which is having widely varying elemental 
composition. The data points considered for 
correlation by regression analysis ranges in carbon 
content from (27.80% to 92.70)%, hydrogen content 
(0.10 to 8.80)%, oxygen content (0.20 to 49.50)%, 

nitrogen content (0.00 to 5.95)% and sulphur (0.00 to 
1.05) wt. % on dry basis, the derived correlation can 
be accepted as ‘general correlation’ for the estimation 
of calorific value of biomass from its elemental 
components within the above specified ranges. 
It was found that the correlations based on linear 
multiple regression analysis is the most accurate. To 
achieve a higher accuracy we have use the influence 
of a particular individual variable i.e. the influence of 
carbon(C) and oxygen (O) wt. %, in the correlations 
since their influence in the elemental composition is 
vital and their contribution in total amount of biomass 
is around 90%. Moreover the changes in nitrogen and 
sulphur and hydrogen are very miner that their 
influence on the correlation is negligible. 
 
CONCLUSIONS 
 
The main advantage of this correlation is that, using 
these we can analyze the economical estimation of 
elemental components of the given biomass. This 
depends on the interest of person where expensive 
laboratory equipment and more sophisticated 
methods are not available. 
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