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  ABSTRACT
Technology allows people to become more efficient and to do things more intelligently that were not
possible before. The knowledge for conserving natural environment and resources and to reduce
human involvement, green technology is used. It is an alternative to improve the national economy
without harming the environment. This paper explains the contribution of green technology in the
sustainable development of agriculture sector for the country like India. The authors have tried to
elaborate green technology and related terms along with how it would be helpful in the sustainable
development. The Authors have tried to explain the contribution and impact of green technologies
under various parameters such as poverty reduction through ecological agriculture and rural renewable
energy by considering the regional eco-socio aspect. The paper also explains various practical and
technical aspects of green technologies such as organic farming, integrated pest management, biomass,
biogas, biofuel, wind energy and use of information and communication technology for facilitating
green technology. It is one of the most complex and challenging tasks to balance environmental and
business concerns. Progress towards sustainable development requires changes at both the domestic
as well as the international level. The authors have narrated the challenges faced at the time of
implementing such technology. The authors suggest recommendations to cope up with the same and
finally the paper concludes with the future endeavors that may be attempted by the authors in the
same direction.
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 INTRODUCTION
India is the second highest populated country with
one of the highest growth rates in the world. A
healthy rate of economic growth exceeding the
current rate of say 8% per annum would require
major provision of infrastructure and energy. To
cope up with such growth rate in India, energy
consumption should be increased by at least 4%
annually1. This necessitates high demand of
energy. India’s energy demand is expected to
grow at an annual rate of 4.8% over the next
couple of decades2. To maintain India’s average
growth rate of say 8%, the agriculture sector can
contributes a lot.

Agriculture sector is a crucial sector in India, as
it contributes 20% of the overall country Gross
Domestic Product (GDP) and it also contributes
close to a quarter of India’s national income and
the workforce engaged in agriculture sector is
about 52%3. Most of the energy requirements are
currently satisfied by fossil fuels – coal, petroleum-
based products and natural gas. Domestic
production of crude oil can only fulfill 25-30
percent of national consumption1. In India, till
2008, around 95,000 villages were not connected
to the power grid. Out of these, 18,000 villages
are unlikely to ever have access to the national
grid due to their remote locations4. These figures
show the national demand for the energy
consumption.
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Further, as population continues to increase in
India, it needs more power day by day, not only to
cover its daily power shortfalls but also to support
its economic development. So provisioning for
human life using the current technology is
expected to be unfeasible. A global green
technological transformation which would be
greater in scale and achievable within a much
shorter time-frame is required. For this Green
Technology(GT) is helpful to achieve a significant
growth in renewable energy for reducing CO2
emissions. As CO2 emission is a responsible factor
for climate change; due to which the earth’s
average temperature has risen by 0.7 degree
Celsius5,6. GT for the sustainable development of
the human beings in this regard is an essential
requirement in today’s era. Therefore, the
Government of India is promoting renewable
energy for its sustainable development with the
help of the GT.7
GT is a broad term and it defines more
environment friendly solutions. It is known as
environmental healing technology that reduces
environmental damages created by the products
and technologies for peoples’ conveniences. The
poverty alleviation in India can be fundamentally
linked with GT because it has strong and positive
co-relationship with the environment. GT promises
to increase farm profitability while reducing
environmental degradation and conserving natural
resources. In a nutshell, GT is the development
and application of products, equipment and systems
used to conserve the natural environment and
resources, which minimizes and reduces the
negative impact of human activities8,9.
The general objective of GT is to use Information
and Communication Technology (ICT) to generate
systemic effects resulting in improved
environmental efficiency and empower people
thought it.10GT is a method of practical
application of knowledge from environmental
science to conserve the natural environment and
resources. Any technology should be in harmony
with natural and ecological principles. GT is an
alternative to improve the national economy
without harming the environment. It is a new
national development paradigm that creates new
growth engines. In fact, the fundamental concern
of any technology is its sustainability.

Sustainable development is defined as the
development which meets the needs of the present
generation without compromising the ability of
future generations.11Agricultural progress is said
to be sustainable when it provides high quality
food from a high quality environment and
maintains the character of the countryside and its
landscapes, habitats and species, secures an
acceptable quality of life for the rural community.
For the sustainable development of agriculture
sector in India, environmental degradation in the
context of development should be considered.
Sustainability should also considered resource-
saving, not only resource usages.
GT is available to assist farmers in a various way.
The response on the part of the research,
innovation and extension of sectors should be
linked to agriculture to generate technologies or
tools that will make it possible. The sustainable
growth and development of Indian agriculture by
interfacing education, research and extension
initiatives complemented with efficient and
effective institutional, infrastructure and policy
support, for ensuring livelihood security3.  Hence,
the development of agriculture sector, defined in
terms of increased production with decreased
average cost, becomes prerequisite for the overall
development of an underdeveloped economy in a
country like India.
In this paper, the authors explain the aim of this
study in the next section followed by the
contribution and impact of GT in the third section.
In fourth section, the paper explains various
practical and technical aspects of GT. The fifth
section narrates the challenges that are faced at
the time of implementing this technology. The sixth
section suggests different recommendations to
cope up and finally the paper concludes with the
future endeavor by the authors in the same
direction.

AIMS  AND  OBJECTIVES
To get benefit from any technology, it needs to be
successfully linked with the country’s overall
development objectives and applied to solve socio-
economic problems. In India there are vast
possibilities to enhance the technological evolution
especially in the GT. At the same time the
agriculture sector is highly contributed area in
economic development in India. By considering
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such factors authors aim this study to identify the
contribution of the GT in the sustainable
development of agriculture sector. The study is
mainly conducted in the consideration using the
parameters Income generation through ecological
agriculture, rural renewable energy and Poverty
reduction. Authors also have tried to show the
real power of the GT for the clean and clear
renewable energy and there by their impact in
the area of agriculture sector. The objective is to
identify the potentiality of the GT in the field of
agriculture sector in India and then recommend
for enhancing the growth of the same.

DISCUSSION
Impact of green technology
There is a link between poverty reduction and
growth in agriculture productivity. Productivity can
be increased, if farmer knowledge is combined
with the improvement in GT to meet particular
agricultural conditions. Due to the improvement
and development in GT, the irrigation of deserts
is upgrading from low productivity marginal lands
to higher productivity lands in India. The following
sections explain about some of the significant
impacts of GT.
Poverty reduction through ecological
agriculture
In India, the watershed development programs
have become the model of integrated genetic and
natural resource management especially for dry
land agriculture for raising farm income. The soil
was deficient in micronutrients such as boron and
sulphur but adding these micronutrients to the soil
resulted in 28 to 70 percent increase in the yields
of crops12,13. This situation contributes to the
growth of rural income by raising the investible
capacity of the farmer.
Agriculture plays a fundamental role in the
economy of a country like India. It accounts for
19% of GDP and employs a 60% proportion of
the labor force.14,15 Since agriculture sector creates
both forward and backward linkage through the
income linkage, any shock in agriculture creates
impact on the whole economy. It is very important
to increase benefit from agriculture sector, as
increased agriculture productivity is the key to
reduce poverty. Continued agricultural growth is

a necessity, not an option for the nation. About
70% of the population of India lives in rural areas
and majority of them depend upon agriculture as
their primary source of income3, 14. In 2007, the
World Bank report has laid emphasis on the
agriculture development for poverty alleviation
and has advised to put this sector in the centre of
development agenda, if the world wants to halve
poverty by 201516.
Rural renewable energy
Renewable energy sector growth during the last
decade has been significant in India, even for
electricity generation from renewable sources.
This renewable energy technology has been the
best substitute for improving the quality of life of
rural households in terms of cooking and lighting,
producing bio-fertilizers and food production
activities. For farmer communities, this technology
is a feasible option as it provides sustainable
energy services to meet their energy needs in the
agriculture sector. In the long-term, these eco-
friendly and sustainable energy sources will help
to meet the energy requirements of the large rural
population of India. Renewable energy also helps
small and medium enterprises to process high
value cash crops. One of the studies shows that,
this energy significantly reduces the farm fuel
usage17.
Green technology for renewable energy
Renewable energy is energy generated from
natural resources such as sunlight, wind, rain, tides
and geothermal heat, which are renewable. The
following sub sections exhibit some of the vital
renewable energy in perspective of the GT. These
are the renewable energy on which the nation’s
growth depends.
Organic farming
Organic farming system has soils of higher
biological, physical and in many cases chemical
quality than that of the other conventional farming
systems. When productivity in terms of inputs
applied and outputs obtained and social costs of
conventional farming are considered, organic
alternative has been found to be significant and
economical. Organic agricultural practices are
based on a maximum harmonious relationship with
nature aiming at the non-destruction of the
environment. A study of 100 farmers in Himachal
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Pradesh during the period of 3 years found that
the total cost of production of maize and wheat
was lower under organic farming and the net
income was 2 to 3 times higher18.
For GT, organic farming has been considered as
the fastest growing fields of the food sector. As
organic farming forms 1-2% of the total food
market share, it becomes one of the most important
energy saving sources in food sector. The main
benefit that availed with the help of such
technology is the protection of land in terms of
the quality of the land which can be decreased
due to the other inorganic farming.
Integrated Pest Management (IPM)
IPM is an eco-friendly approach for pest
management encompassing cultural, mechanical,
bio-logical and need based use of chemical
pesticides with preference to use of bio-pesticides,
bio-control agents and indigenous innovation
potential. The main objective of IPM is to
maximize crop production with minimum input
costs, to create awareness among farming
community about beneficial and harmful insect
pests and diseases and their management in
addition to minimize environmental pollution in soil,
water and air due to pesticides. In 2007, Twenty
Fifth session of the Asia and Pacific Plant
Protection Commission reported that overall
consumption of chemical pesticide in India has
reduced from 61397 Metric Tons during 1994 to
39,773 Metric Tons in 2005. The crop yield
increased from 6.72 to 40.14% in rice and 22.7 to
26.63% in cotton in IPM fields compared to non-
IPM fields2.
Biomass
Main sources of biomass energy are trees, crops
and animal waste. Agriculture residues and wastes
are converted to electric and thermal energy
through processes like gasification and
cogeneration. Technological advancement in
biomass energy is derived from two spheres -
biomass energy production practices and energy
conversion technologies. Development of
improved harvesting and post harvesting
technologies has also contributed to reduction in
production cost of biomass energy. The biomass
fuels are suitable for the highly efficient power
generation cycles based on gasification. Steady

increase in the size of biomass technologies has
contributed to declining fixed unit costs. The
biomass power system has functioned for over
14 years in one of the Indian villages Hosahalli
where the population was 218 during 2003. It was
meeting all the electricity needs of the village with
the minimal cost19. In India biomass is the effective
means of increasing agricultural revenue and
conserving exhaustible resources.
Biogas
Biogas is the product of anaerobic digestion of
organic matters by methanogenic bacteria. Biogas
qualifies on the merits that this technology utilizes
organic agricultural waste and converts it into fuel
and fertilizer. Direct impacts of biogas are fuel-
wood, agriculture residue, livestock manure, and
kerosene savings. Increases in soil fertility and
crop production have also been observed. Biogas
also solves the problem of indoor air pollution and
improves household or communal sanitation.20

Biofuel
Biofuel is bio-ethanol and bio-diesel has the
potential to assume an important portfolio in future
energy platter. Food security concerns and risks
to environment and biodiversity are parameters
that necessarily need to be assessed while
analyzing sustainability linkage of agriculture and
biofuel. Also, conversion of wasteland to farmland
with some crop options can be viewed as positive
impacts. This area is going to be the hot cake for
future research. In India, if all available sugarcane
molasses is utilized, 0.8 million kiloliters of ethanol
thus produced can replace 9% of current
petroleum requirements. Research and
development activities are being carried out to
develop suitable technologies for production of
advanced biofuels from wood biomass,
agricultural and forest waste, municipal solid
waste conversion21.
Wind energy
Overall wind energy contributes only 1% of global
electricity generation, but in India it is producing
up to 20% for the overall contribution of the
country 22. It is in a boom cycle. Its importance is
that compared with other sources; wind energy
produces less air pollutants.
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Information and communication technology
ICT is useful in soil testing, crop cultivation, water
management, fertilizer management and pest
management from the last two decades. It is also
useful in the agricultural product research like
transportation, selling and storage of agriculture
product. Precision agriculture uses ICT to cover
the three aspects of production. First, data
collection of information input through options as
Global Positioning System (GPS) satellite data,
grid soil sampling, yield monitoring, remote sensing,
etc. Second for data analysis or processing
through Geographic Information System (GIS),
and third decision technologies as process models,
artificial intelligence systems and expert systems
for application of information by farmers.
Agriculture model like Agriculture Intelligence
System is also useful for the farmer community
in their agriculture product marketing as well as
selling and increase of the profitability.23

Challenges for green technology
Any technology is not just a set of engineering
achievements, but is centrally positioned within
profoundly cultural and environmental boundaries.
CO2 emission is one of the major factors for
causing climate change, so there is a problem in
balancing environmental and business concerns.
It has been facing several socio economic as well
as technical challenges to balance the same. In
the following sub-sections authors have identify
the major challenges for the GT.
Natural resources availability
Water will become the most important limiting
factor in agricultural production. The quality and
quantity is declined due to water pollution. Due to
fast Urbanization, the agricultural land converted
into residential and industrial development which
resulted in turn down in the number of farm
workers. The natural resources like sunlight, wind,
rain, tides and geothermal heat are responsible
for the generation of renewable energy. India lies
in sunny regions of the world therefore major parts
of India receive 4-7 kWh of solar radiation per
square meter per day with 250-300 sunny days in
a year24.In India,  solar power generation
technology is in its childhood, currently, the
contribution of solar energy is only 0.1% of the
total renewable energy produced in India.

Farming system
Most farmers are poor in India with small
landholdings. Farming systems are commonly
heterogeneous with mixes of food crops, livestock,
and trees. About 70% of the cultivated land is
rain–fed, with unreliable distribution and intensity
of rainfall3. Thus, the increase in food production
during the next 25 years will have to be achieved
using less labour, water, and cultivated land. This
can occur only if research can develop new crop
varieties with high yield potential and high
efficiency in water use. In this scenario it is very
difficult for poor farmers to adopt any kind of GT.
Increasing small holder agriculture productivity
through GT will not only increase food supplies,
but also reduce poverty and starvation, increase
food access and improve living standards of the
poor farmers. The sustainable productivity
achievement through GT increases in food, fuel
and fibre crops reducing chemical inputs of
fertilizers and pesticides and replacing them with
biologically based products.
Education
The education ratio in farmer community is very
low in India. According to the survey, the population
in rural area with age 15 and above had a literacy
rate of 59.7%. This level is well below than the
world average literacy rate of 84%.25,26 Therefore,
in this scenario implementation of GT is hard to
convince the farmer community.
ICT resource availability
The farmers, who are the targeted users of GT,
usually don’t have access to internet in the villages
and the mandali. In India, 28.3% population of rural
area is still below poverty line15. Due to their poverty,
farmers own very little land and that is why they
cannot afford internet and computer related
resources. Under this scenario the technological
development and awareness is very low.
In India, the education related to the utilization of
the GT should be provided in effective manner,
so that the farmer community can have an idea
about the acceptance of the GT and they should
realize the strength and weakness of adoption of
the GT. In assessing the applied green
technologies in agriculture sector, it was realized
that sustainable agriculture should be resource
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conserving, environmentally non-degrading,
technically appropriate, and economically and
socially acceptable. The following are some more
suggestions :
In India, about 70% of the population lives in rural
areas and majority of them depend upon
agriculture as their primary source of income15,3.
So with the improvement of GT like Organic
farming, IPM, biomass, biogas, biofuel, wind
energy and ICT, the simultaneous improvement
in agriculture productivity, employment creation,
and promotion of alternative renewable energy is
the only answer to motivate the GT.
GT for the utilization of freely available solar
energy in farm area should be developed, so that
it can be beneficial in both the ways - monetary
as well as cleaner environment. Besides it will
also result in the overall development of the
individual as well as the nation.
The Government of India should launch better
communicative ICT programs for the farmer
community so that poor farmers can access such
technology and increase their productivity and
thereby income.
There is a need to design effective communication
packages to create awareness, so that the local
energy utilization becomes maximum, which
actually helps to increase the agriculture
productivity.
For the long-term growth perspective, an
enhanced public investment policy for the
development of electrical energy like small-scale
wind and solar photovoltaic is recommended. Such
sources of energy have been found contributing
to farmer’s poverty reduction. It actually reduces
the cost of purchase of the commercial electrical
energy and creates a non-farm opportunity to
income and saving for the farmer communities.
There are several policies for the development of
GT in India . But these policies face
implementation problems. In some cases, there
are conflicting rules. e.g. the agri-food production
loan given to the farmer community is based on
per unit area of the landing farm, but the rate of
per unit area  should be revised periodically so
that they can get the real benefit of such loan
facility. This necessitates close scrutiny of the
existing policies and a commitment to harmonize
contradictory policies.

Any research does not have any boundary.
Contribution of GT in the sustainable development
of agriculture sector can be extended and it is not
limited to the following points. Development of
an easy tool for the solar energy utilization
specifically for the farmer community.
Development of ICT tools for increasing the
utilization of green technology is needed.
Preparing a state wise baseline data for the GT
adoption in India.  Investigating the emerging issues
in the application and policies of renewable energy
development in India. Analyzing the potential of
ICT in reducing greenhouse gas emissions and
environmental degradation.

CONCLUSION
There is a green contribution and importance of
the natural resources as well as the renewable
energy for a developing country like India. As most
of the Indian rural livelihood depends on the
agriculture sector, the promotion in this sector is
desired. GT is one of the factors which help in
this direction positively. GT is also a weapon to
reduce the huge problem of poverty, if it is
sharpened periodically with respect to the
technical and socio-economic perspectives.
Authors have also presented the renewable
energy sources and the merits of the same. At
last , authors have narrated the emerging
challenges faced in the development of the GT in
India and recommendations to cope up with the
same.
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