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Abstract Energy is considered as a key factor which
determines the economic development in the entire sector
of any region. Biomass is one of the primary energy
sources in rural areas. The study was carried out to
examine the utilization pattern of biomass energy and
socioeconomic dimensions associated with rural areas of
Yelandur, Karnataka, India. Field studies in these villages
covering 645 households were made to collect the data and
assess the socioeconomic conditions that govern the bio-
mass utilization pattern for meeting energy requirements.
Firewood is the primary energy source (94.78 %) for
cooking and heating among these rural folk. Most of them
are illiterates (60 %) with 28.96 % of them having a
meagre income. Traditional biomass stoves are used pre-
dominantly. The study shows that there is a positive cor-
relation (R* = 0.98) between the households size and
volume of firewood consumption. The study has revealed
that the firewood fuels are the dominant source of energy
for cooking and heating purposes.
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Introduction

One essential component of rapid economic and social
development is energy. It plays an important role in the
socioeconomic development of any country. To achieve
development goals through energy, it requires better
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knowledge of how people make decisions about their
energy use [1]. Biomass is one of the primary sources of
energy for about 2.4 billion people in developing countries
[2].

Biomass resources include wood and wood wastes,
agricultural crops and their residues, municipal solid waste,
animal waste, waste from food processing, aquatic plants
and algae [3]. It is mainly used as fuel sources for cooking
and heating purposes in the rural households. The biomass
fuels in its various forms have been recognized as a useful
and cost-effective alternative source of energy. It has
advantages over fossil fuels due to various environmental
concerns. These fuels do not contribute to the carbon
dioxide levels of atmosphere and thus prevent aggravation
in global warming [4].

Biomass fuel is found to be a suitable energy source that
can be converted to higher energy content fuels through
direct combustion, thermochemical conversion, or bio-
chemical conversion processes [5]. Briquette (combination
of two or more biomass fuels in a compressed form) is used
as an alternative fuel to coal, which is easy to transport and
has better handling, storage and very efficient energy
sources [6]. Calorific value determines the energy effi-
ciency of the firewood. There are numerous indicators of
fuel efficiency. These may include the indoor air pollution,
greenhouse effects (e.g. deforestation, CO, emission during
production, conversion and consumption), etc. [7].

More than 70 % of Indian population lives in rural areas
and they satisfy 80 % of their energy needs only from the
fuelwood collected from forests and nearby sites [8].
Cooking fuels in the rural areas of India are predominantly
unprocessed biofuels, such as fuelwood, crop residues and
animal dung [9-12]. In Karnataka, India, considering all
types of energy sources and sector-wise consumption
reveals that, traditional fuels such as firewood (43.60 %),
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agro-wastes (8.20 %) and cow dung (1.40 %) account for
53.20 % of total energy consumption [13].

The usage of biomass energy is greatly influenced by
socioeconomic factors such as household size, income
level, poor household access to clean energy sources and
low household standard. There is a strong correlation
between a household family size and the volume of fire-
wood consumed per day [14].

The present paper highlights the utilization and con-
sumption pattern of biomass energy resources and the
socioeconomic factors associated with the villages of
Yelandur taluk.

Study area: The study was carried out in Yelandur taluk
of Chamarajanagar district, Karnataka, India (Fig. 1). It is
located between 11°42'-12°5" North latitude and 76°57'-
77°09' East longitudes with an area of 266.34 km® com-
prising a population of about 82170. The investigation was
undertaken in four villages: A.Devarahalli, Malarapalya,
Uppinamole and Katanvadi.

Methods

Based on the stratified simple random sampling technique
[15], four villages were selected for collecting primary data
on several household parameters through door-to-door
interview. Six hundred and forty-five households were
surveyed to gather the information.

The survey was conducted to identify and quantify the
biomass fuel resource, consumption patterns and to record
their daily demand. A questionnaire was designed to get
the data on the comprehensive picture of socioeconomic
conditions, energy use pattern, housing characteristics and
cooking behaviours. Energy usage included information on
consumption of biomass fuels and commercial fuels for
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cooking and heating, sources of procurement of cooking
fuel, time and effort involved in procurement, and energy
demand. The statistical package for social sciences (Sta-
tistical Analysis in Social Science, SPSS version 16.0
Chicago SPSS Inc.) was used for the analysis of data. The
data obtained from the survey were pooled and analysed by
employing analysis of variance (ANOVA), followed by
Tukey’s honest significant difference (HSD) mean range
test for knowing the significance at P > 0.05 level (prob-
ability at greater than 0.05 level or 5 %).

Results and discussion

The survey data indicated that the majority of the respon-
dents were farmers by primary occupation and half of the
fuelwood demand is satisfied through their own farmland
sources. Socioeconomic characteristics of the surveyed
households are given in Table 1. Among the respondents
(645), the numbers of females are 59 % and males 41 %;
while illiterates are 60 % and literates are only 40 %. This
indicates that the literacy level is low in these villages.
The households are categorized into four classes based
on the landholdings such as landless or low (below 1 acre),
middle (1-5 acre) and high (above 10 acre). Among these,
the landless account for 27.37 %, the households with
1-5 acre account for 39.43 %, below 1 acre account for
3494 % and above 10 acre account for only 1.79 % of
households. On an average of four villages, only 4 % of the
population of households have annual income above Rs.
50,000, while 31 % around Rs. 10,000, 40 % less than Rs.
10,000 and the remaining has no fixed income. Interest-
ingly, our survey reveals that 12.84 % of households of
A.Devarahalli, 16.68 % of Malarapalya, 45.74 % of Upp-
inamole and 40.58 % of households of Katanvadi have no
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Table 2 Types of energy sources used as fuel by villagers (%)

Energy sources Name of the villages

A.Devarahalli Malarapalya Uppinamole Katanvadi
LPG 4583 + 1.04* 41.64 £+ 0.92° 6.55 + 0.08° 49.30 + 0.85%
Kerosene 88.40 + 0.95° 40.03 £ 0.26* 58.95 4 1.53° 36.01 + 0.61°
Firewood 97.43 + 0.56° 97.58 + 0.75° 99.34 + 0.60° 84.78 + 1.55°
Agricultural residues 69.52 + 0.83¢ 87.54 + 0.83° 78.83 £ 0.36¢ 79.58 + 0.65¢
F value 2.086 5.025 6.683 1.691
Sig @ 0.05 level S S S S

Mean = standard deviation followed by same superscript letters within column is not significant, when subjected to Tukey’s mean range test @

0.05 level
S significant

abed yalues containing same superscripts are not significant at 0.05 level

Table 3 Commonly used firewood species

Table 4 Time and effort involved in collection of firewood

S. Scientific name of the S. Scientific name of the species Name of the  Distance Time spend/day Firewood
no.  species no. villages travelled for for collection collection/day
collection (km) (h) (kg)
Acacia nilotica (Gobli) 11 Acacia leucophloea (Bili Jali)

2 Ficus benghalensis 12 Prosopis juliflora (Gobli) ADevarahalli - 2.85 + 0.50° 299 +£0.10° 19.47 + 0.64

(Ala) Malarapalya  2.54 + 0.03" 3.64 + 0.40° 19.00 £+ 0.43*
3 Albizia amara (Chujli) 13 Albizia lebbeck (Dodda Uppinamole  3.23 & 0.09" 3.58 £ 0.11° 22.53 4+ 0.47°

Baage) Katanvadi 2.56 £ 0.10° 3.68 £0.10°  21.83 £ 0.21°

4 Az]agdirachta indica 14 Morinda tinctoria (Muddi) Overall 2.79 + 0.30 347 + 0.31 2071 + 1.62
S A( o s p o . F value 55.77 37.57 41.97

o 1

cacia ferrugmea ongamia pinnata (Honge) Sig @ 0.05 S S S

(Banni)

. . level

6 Ficus infectoria 16 Acacia auriculiformis (Jaali)

(Basari) Mean =+ standard deviation followed by same superscript letters
7 Persea Americana 17 Sapindus laurifolius within column is not significant, when subjected to Tukey’s mean

(Benne) (Antuvala) range test @ 0.05 level
8 Randia uliginosa 18 Coccinia grandis (Tonde) S significant

(Kare) +P< Values containing same superscripts are not significant at 0.05
9 Mammea suriga 19 Citrus maxima (Chakotta) level

(Surgi)
10 Terminalia arjuna 20 Anogeissus latifolia (Bejjalu/  and nearby natural forest. Crop residues are generally

(Matti) Dindiaga) .

. e . . collected from their own farmland.

1 C?CC”S ”’:)C’fem 2l Terminalia paniculata (Matti) Fuelwood consumption with seasonal variations in the

coconu

Name in the parenthesis represents the local name of the species

fuelwood that can cause health disorders in individuals
(mostly women and children) [26]. Table 4 gives the
details of efforts made and time spent in gathering of
fuelwood. The average walking distance to collect fuel-
wood is about 2.79 km. They spend time around three and
half hours to collect an average of 20.71 kg of fuelwood
per day. Almost, these efforts are done by women only, as
they are the ones mainly associated with gathering, pro-
cessing and transportation of fuelwood. Very few people
are getting the firewood from wood depots, but most of
them are collecting from their own farmland, village forest

o
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studied villages is shown in Table 5. The minimum per
capita consumption of fuelwood recorded during summer
season in Malarapalya and Uppinamole villages is 0.82 kg
per capita per day. The consumption of fuelwood is more
in the rainy season because of its usage in domestic pur-
poses such as water heating. In all the seasons, per capita
consumption of firewood is more in the Katanvadi village
as compared to other villages.

The overall survey data shows that, there is a positive
correlation between the household family size and the
volume of firewood consumed per day (Fig. 2). A strong
correlation (R* = 0.99) is found between the household
size and firewood consumption in rainy season, followed
by winter (R* = 0.98) and summer (R*> = 0.97) seasons.
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Table 5 Seasonal and per capita consumption of firewood in the villages of Yelandur

Name of the villages Daily consumption of firewood (kg)

Household consumption/day

Per capita consumption/day

Summer Rainy Winter Summer Rainy Winter

A.Devarahalli 3.58 + 0.08* 4.81 + 0.96 4.40 £ 0.23% 0.87 + 0.06" 1.08 £ 0.01° 0.97 + 0.02°
Malarapalya 3.52 + 0.16* 5.05 + 0.13° 4.19 + 0.16 0.82 + 0.03° 1.16 + 0.02° 0.94 + 0.01°
Uppinamole 414 £ 0.11° 5.38 + 0.15° 479 + 0.90" 0.82 + 0.03" 1.05 + 0.02° 0.96 + 0.02°
Katanvadi 426 +0.14° 5.83 + 0.52° 491 + 0.08° 0.84 + 0.02° 1.17 + 0.02° 0.98 + 0.02°
Overall 3.88 + 0.36 5.27 + 041 4.57 + 0.33 0.84 + 0.04 1.12 + 0.06 0.96 + 0.02
F value 27.95 44.96 14.59 1.28 43.59 2.15

Sig @ 0.05 level S S NS NS S NS

Mean = standard deviation followed by same superscript letters within column is not significant, when subjected to Tukey’s mean range test @

0.05 level
S significant, NS not significant

abC yalues containing same superscripts are not significant at 0.05 level

18
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M Rainy Rz =0.9919

winter R? = 0.9796
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Fig. 2 Correlation coefficient between household size and fuelwood
consumption in different seasons

The volume of firewood used per day varied from 2.3 to
12.3 kg in summer, 3.51-15.7 kg in rainy and 2.8-14.3 kg
in winter seasons, depending on the size of the household
(Table 6).

It was observed that, the households use different types
of stoves for cooking as shown in Table 7. Four types of
stoves (Traditional, Clay, Metal and ASTRA) are used in
these villages. The majority of the households use clay
stoves for biomass fuels. This kind of stoves has no
chimney and consists of three bricks plastered with mud to
form U shape with one side left open to feed fuel. People
do not use single type of fuel, but they use multiple fuels or
mixed fuels in these stoves. The use of clay stove is found
to be highest in Uppinamole village (77.83 %). Only 35.73
and 37.67 % of people are using ASTRA stove for cooking
purpose in Malarapalya and Katanvadi, respectively.

The usage of traditional cookstove was found to be more
in A.Devarahalli (57.38 %). The traditional stove is made
up of three stones, which requires more firewood. The loss
of heat is more in the traditional stoves as compared to
other stoves. The traditional stoves using fuelwood have

Table 6 Household size and average firewood consumption in dif-
ferent seasons

Household size Average firewood consumption/household/day (kg)

Summer Rainy Winter
1-3 23 3.51 2.89
4-6 3.81 5.22 4
7-9 5.77 7.23 6.48
10-15 9.7 11.2 10.5
16-25 12.3 15.7 14.3

low thermal efficiencies of about 14 % [4]. Metal stoves
are used by less number of people. In Uppinamole village,
40.29 % of the households have separate kitchens for
cooking while 15.58 % cook outside the house (Table 8).
46.37 % of the people use cookstoves without chimney and
proper ventilation. On an average, 68 % of households of
the other three villages possess separate kitchens for
cooking. It is observed that, on an average, only 45.96 % of
households have cooking stoves with chimney and good
ventilation for cooking. Thus, from the above data it can be
predicted that the people in these villages are more prone to
firewood smoke-related health problems.

ASTRA stove is found to be beneficial for the villagers
as it is helpful in minimizing the deposition of particulate
matter and consumption of firewood. Although, many of
them are aware of problems associated with biomass
smoke, they still depend on biomass cooking stoves.
However, household size, level of income and cost of
cleaner energy sources are the governing factors for the
households to make the choice of advanced cooking stoves.
There are many other factors which determine the fuel
choice, e.g. culture, social desirability and security of
supply [27, 28]. During our interaction most of the people

N
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Table 7 Type of cookstoves used by households of villages

Villages Types of cookstoves used by households (%)

Traditional Clay Metal ASTRA
A .Devarahalli 57.38 £ 0.74° 34.80 + 0.4° 6.27 + 0.25% 3.43 £ 0.35
Malarapalya 8.30 £ 0.26° 46.90 + 1.32° 17.70 + 1.23 35.73 &+ 0.64°
Uppinamole 8.60 £ 0.35° 77.83 + 1.59° 8.67 £ 0.51° 10.87 £ 0.76°
Katanvadi 453 £+ 0.31° 4730 + 1.25° 7.87 £ 0.70° 37.67 + 0.83¢
Overall 19.70 + 22.79 51.71 + 16.64 10.13 + 4.70 21.93 + 15.70
F value 9.090 671.36 136.73 2.002
Sig @ 0.05 level S S S S

Mean = standard deviation followed by same superscript letters within column is not significant, when subjected to Tukey’s mean range test @

0.05 level

S significant

abed yalyes containing same superscripts are not significant at 0.05 level

Table 8 Housing pattern and location of cookstoves in the households of villages

Villages Housing pattern Location of cookstove
Chimney without Chimney with ~ No chimney and  Ventilation Outside of the Living area Separate
ventilation (%) ventilation (%) no ventilation (%) without chimney house (%) (%) kitchen (%)
(%)
A.Devarahalli 3.32 # 0.12%° 47.17 £ 0.25*  28.11 £ 0.18* 22.31 £ 0.36* 6.20 £ 0.35* 2838 £ 0.36 66.41 + 0.41*
Malarapalya  3.14 & 0.16" 53.54 £ 0.61°  17.41 £ 0.40° 19.61 +0.72° 554 + 047* 3339 4 0.36° 62.51 4+ 0.44°
Uppinamole ~ 2.44 + 0.41° 30.04 £ 0.56° 22.37 £ 0.33° 46.37 £ 0.51° 15.58 £ 0.50° 4554 & 0.47° 40.29 4+ 0.25°
Katanvadi 1351 £044°  53.10 £ 0.36°  13.37 £ 0.33¢ 1044 £ 0.00° 845+ 039° 1644 £ 041° 7635 £ 0.42¢
Overall 5.60 £+ 4.79 45.96 £ 9.96 20.32 £ 5.77 24.68 + 13.87 8.94 + 4.17 30.94 £ 1091 61.39 £+ 13.78
F value 824.86 1.665 1.191 2.874 338.402 2.651 4.590
Sig @ 0.05 S S S S S S S
level

Mean =+ standard deviation followed by same superscript letters within column is not significant, when subjected to Tukey’s mean range test @

0.05 level

S significant

abed yalyes containing same superscripts are not significant at 0.05 level

have expressed their willingness to shift from using the
traditional stove to improved stoves, if they are provided
with improved stoves.

Conclusions

The study has revealed that the firewood fuels are the
dominant source of energy for cooking and heating pur-
poses. Village forests and farmlands are the chief sources
of firewood for them, which are at stake. For many
households, switching away from traditional biomass is not
feasible in the short term. Training and awareness to use
improved stoves such as ASTRA stoves can promote the
better way of using biofuel sources. The analyses show that
the inertia of household cooking energy preferences is due

o
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to poverty factors such as low income, low standing of
living which in most cases meant no access to external or
internal cooking facilities, large households, high cooking
frequency of certain meals, etc. Also there are economic,
technical, social and traditional constraints to complete
switching to cleaner fuels. The determination of calorific
values and analysis of smoke constituents of these fuel-
wood species can further help in identification of suitable
species for better utilization of biomass energy. Recom-
mendation of such species to be grown in wastelands of
their vicinity helps in promoting self-sustenance and can
reduce the pressure on natural forests for fuelwood species.

Acknowledgments Author A. G. Devi Prasad is thankful to UGC,
New Delhi for financial assistance to major research project. Author
Komala H.P. is thankful to DST, New Delhi for awarding JRF.



Int J Energy Environ Eng (2014) 5:95

Page 7 of 7 95

Conflict of interest The authors declare that they have no com-
peting interests.

Author’s contributions

All authors have been involved in drafting

the manuscript and approved the final manuscript.

Open Access

This article is distributed under the terms of the

Creative Commons Attribution License which permits any use, dis-
tribution, and reproduction in any medium, provided the original
author(s) and the source are credited.

Referencess

10.

11.

12.

. Kowsari, R., Zerriffi, H.: Three dimensional energy profiles.

Energy Policy 39, 7505-7517 (2011)

. Karekezi, S., Kithyoma, W.: Bioenergy and agriculture: promises

and challenges. Bioenergy and the poor. In: 2020 Vision for
Food, Agriculture and the Environment. International Food Pol-
icy Research Institute (2006)

. Gavrilescu, M., Chisti, Y.: Biotechnology—a sustainable alter-

native for chemical industry. Biotechnol. Adv. 23, 471-499
(2005)

. Ravindranath, N.H., Hall, D.O.: Biomass, Energy and Environ-

ment: A Developing Country Perspective from India. Oxford
University Press, Oxford (1995)

. Sofer, S., Zaborsky, O.: Biomass Conversion Processes for

Energy and Fuel. Plenum Press, New York (1981)

. Panwar, V., Prasad, B., Wasewar, K.L.: Biomass residue bri-

quetting and characterization. J. Energy Eng. 137(2) (2011).
Technical papers. doi:10.1061/(ASCE)EY.1943-7897.0000040

. Guta, D.D.: Assessment of biomass fuel resource potential and

utilization in Ethiopia: sourcing Strategies for renewable ener-
gies. Int. J. Renew. Energy Res. 2(1), 131-139 (2012)

. Bhattacharya, P.K.: Biomass power generation and environment

impact. ENREE 78(9), 1078-1092 (2005)

. Branes, D.F., Sen, M.: Energy strategies for rural India. Evidence

from six States, UNDP/World bank energy sector management
assistance program (2000)

Parikh, J., Smith, K., Laxmi, V.: Indoor air pollution: a reflection
on gender bias. Econ. Polit. WkI. 34(9), 539-544 (1999)
Saxena, N.C.: Fuelwood—issues for the Ninth Plan. Wood
Energy News 44(2), 3-4 (1999)

Sinha, C.S., Venkata, R.P., Joshi, V.: Rural energy planning in
India: defining effective intervention strategies. Energy Policy
22(5), 403-414 (1994)

. Ramachandra, T.V., Subramanian, D.K., Joshi, N.V., Gunaga,

S.V., Harikantra, R.B.: Domestic energy consumption patterns in

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Uttara Kannada District, Karnataka State, India. Energy Convers.
Manag. 41, 775-831 (2000)

Godfrey, A.J., Denis, K., Daniel, W., Akais, O.C.: Household
firewood consumption and its dynamics in Kalisizo Sub-Country,
Central Uganda. Ethnobotanical Leaflets 14, 841-855 (2010)
Joon, V., Chandra, A., Bhattacharya, M.: Household energy
consumption pattern and socio-cultural dimensions associated
with it: a case study of rural Haryana, India. Biomass Bioenergy
33, 1509-1512 (2009)

Singh, B., Khanduja, S.D.: Wood properties of some firewood
shrubs of northern India. Biomass 4, 235-238 (1984)

Goel, V.L., Behl, H.N.: Fuelwood quality of promising tree
species for alkaline soil sites in relation to tree age. Biomass
Bioenergy 10, 57-61 (1996)

Chettri, N., Sharma, E.: A scientific assessment of traditional
knowledge on firewood and fodder values in Sikkim, India.
Forest Ecol. Manag. 257, 2073-2078 (2009)

Kataki, R., Konwer, D.: Fuelwood characteristics of indigenous
tree species of north-east India. Biomass Bioenergy 22, 433-437
(2002)

Jain, R.K., Singh, B.: Fuelwood characteristics of selected
indigenous tree species from central India. Bioresour. Technol.
68(3), 305-308 (1999)

Kumar, R., Pandey, K.K., Chandrashekar, N., Mohan, S.: Effect
of tree-age on calorific value and other fuel properties of Euca-
lyptus hybrid. J Forest Res. 21, 514-516 (2010)

Joseph, A.F., Shadrach, O.A.: Biomass yield and energy value of
some fast growing multipurpose trees in Nigeria. Biomass Bio-
energy 12, 101-106 (1997)

Roth, C.: Micro gasification: cooking with gas from biomass. 1st
ed. Eschborn: GIZ HERA Poverty-Oriented Basic Energy Ser-
vice, p. 100 (2011)

Hiil, A.F.: Economic Botany—A Textbook of Useful Plants and
Plant and Plant Products. 2nd edn, p. 560. McGraw-Hill Book
Company, Inc., New York (1952)

Kochhar, S.L.: Economic Botany in the Topics, 2nd edn, p. 604.
Macmillan India Limited, New Delhi (1998)

Laxmi, V., Parikh, J., Karmakar, S., Dabrase, P.: Household
energy, women’s hardship and health impacts in rural Rajasthan,
India: need for sustainable energy solutions. Energy. Sustain.
Dev. 7(1), 50-68 (2003)

Davis, M.: Rural household energy consumption: the effects of
access to electricity—evidence from South Africa. Energy Policy
26(3), 207-217 (1998)

Barnett, A.: Energy and the fight against poverty. Department for
International Development (Dfid), Livelihood Sector Report, UK
(2000)

N

@ Springer


http://dx.doi.org/10.1061/(ASCE)EY.1943-7897.0000040

	Utilization pattern of biomass energy and socioeconomic dimensions associated with Yelandur, Karnataka, India
	Abstract
	Introduction
	Methods
	Results and discussion
	Conclusions
	Acknowledgments
	Referencess


