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Abstract - Rural India shelters 70% of the India’s over one billion population. Rural population of India is a distress lot.
Even before fruits of development could reach them in real sense, global climate change induced environmental stress due
to increased unsustainable economic activity has started eating upon options of development, threatening their very
survival. Consequently, pace of rural migration towards big cities as landless labourers has been continuously increasing
over the years. Present work is an attempt to present an integrated model for sustainable rural development in a
representative north Bihar village, taking into account the stark realities of environmental stress, energy needs, health
needs and economic situation.

House holds sector constitutes nearly 75% of the total energy consumption in rural India. Out of which 90% is for
cooking. Animal wastes, wood products and agricultural residues are the only source of energy to meet these demands.
Though commercial fossil fuel based energy supply has increased in recent years, statistics show that they are mostly
limited to areas where other biomass energy cannot be used such as irrigation and tillage. Fuel wood consumption is
expected to exceed 185 million tons by 2004. Deforestation has only added to the global climate change induced
environmental stress at local levels. It has caused unprecedented increase in natural calamities, reduction in agricultural
produce and severe health related problems due to malnutrition. Instead of centralised, target-oriented and
technology-driven programs with a subsidy component, present work has utilized renewable energy technology
multifunctionally to tackle the above-mentioned problems. Photovoltaic installation is used for lighting, while biogas
plants are used to tackle the energy requirements and to reduce health related problems such as cancer, bronchitis etc.
Energy and health plantation is used to meet biomass requirement in the short run and vitamin requirements.
Multiobjective plantation also meet other objectives such as fodder for cattle, wood for handicrafts, land reclamation,
while extracts of biogas plants is used as fertilizer. In the whole planning and execution, socio-economic reflections of the
society is sensitively dealt with. Though there has been numerous problems due to illiteracy, suspicion, land unavailability,
unexpected environmental problems, the results are more than expected as farmers and villagers are more than willing to
imitate the process and/or break their traditionality.
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Figure 1. Flow diagram for integrated developmental planning of villages using renewable energy sources
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Table 1. Concentration of indoor air contaminants due to
wood burning stoves for cooking and heating.

imp tradi | Airtight Non-airti
rove | tiona | wood ght wood
d | burning burning
cook | cook- [ for for
-sto stove | heating heating
ves s
Carbon monoxide (ppm) 06 16 04 08
Formadehyde (ppb) 30 60 00 49
Nitric Oxide (ppb) 50 90 <20 70
Nitrogen dioxide (ppb) <20 <20 <20 <20
Benzo[a]pyrene (ng/md) 300 600 0.8 490
Benzp[b]fluoranthene  (ng/m3) 275 550 0.73 420
Benzo[k]fluoranthene(ng/m?) 150 250 0.31 200
Benzo[ghi]perylene(ng/m3) 300 560 1.3 450
Indenol1,2,3-cd]pyrene(ng/md) 450 900 1.8 740
Suspended particulates (ug/ms3) 500 1000 71 650
. Accuracy is in 10% limit

Table 2: Mean Concentration levels of Cd, Ni, and Cr

in India
States Mean Concentration (ug/m°)
(Cd) (N1)
(Cn)
Andhra Pradesh 14 68 32
Bihar 21 222 71
Chandigarh 05 257 207
Guijarat 16 45 51
Haryana 08 134 90
Himachal Pradesh 08 66 64
Karnataka 01 43 17
Kerala 06 23 18
Orissa 08 78 144
Punjab 04 107 82
Rajasthan 20 63 16
Tamil Nadu 06 28 17
Uttar Pradesh 11 208 133
West Bengal 20 60 67
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Integrated Risk ()
Information System . Hea!th Effects Table 3: Estimation of Intake and Risk for Formadehyde,
Assessr_nent Summary tables (United States Environmental Benzo[a]pyrene and three heavy metals, Cd, Ni & Cr.
Protection Agency) (standard weight: 70 Kg, intake rate: 0.6 m*h, AT: 60x365
Risk = Intake (mg/Kg.day) x slope factor (mg/Kg.day)™* d, Slope factor: 6.1 Kg/mg)
S.No. CA ET | EF | ED I* Risk
mg/m° hid | dy | y mg/Kg
Traditional Cooking Stove
10ppm a) Formadehyde 740x10™ 8 | 350 | 30 | 2.43x10° | 1.5x107
b) Benzo[a]pyrene 600x10°® 8 | 350 | 30 | 1.97x10° | 1.2x10™*
Improved Cooking Stove
a)Formadehyde 370x10™ 8 |350| 30 [ 1.22x10° | 7.4x10°
b)Benzo[a]pyrene 300x10° | 8 | 350 [ 30 | 9.86x10° | 6.0x10°

USEP Non-airtightburning of
wood for heating

a) Formadehyde 602x10* | 12 | 120 | 30 | 1.02x10% | 6.2x10°
b)Benzo[a]pyrene 490x10° | 12 | 120 | 30 | 8.3x10° | 5.05x10°
Airtight burning of wood
for heating
a) Formadehyde - 12 (120 | 30 - --
3 b)Benzo[a]pyrene 0.88x10° | 12 | 120 | 30 | 1.5x10°® 9.1x10”
0-1.5% Outdoor air contaminant
NOx (NO, NO2) affecting Indoor air in Bihar
a)Cd 21x10°® 24 | 350 | 60 | 4.1x10® 2.5x10°
b)Ni 222x10° | 24 | 350 | 60 | 4.4x10° 2.7x10™
c)Cr 71x10° 24 | 350 | 60 | 1.4x10% 8.5x10°
Benzo[a]pyrene,
Benzo[k]fluoranthene, Benzp [b] fluoranthene,
Benzo[ghi]perylene, indeno[1,2,3-cd]pyrene
10,000 0-1.2
1
(0.02-10§am)
10000
0-3 ~1700kcal/ —~2400kcal/
—2800kcal/ —2200kcal/
300
1 2 5
Thiamin 591 gm Riboflovin 710 gm
Niacin 7805gm  Retinol 312 gm
Vitamin C 22.2 kg Calcium 286 kg
Phosphorus 482 kg Iron 13.5 kg
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