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Foreword

A complex set of factors including global warming, competitive land use and
lack of basic infrastructure is creating new challenges for India’s vast agrarian
population. The ever increasing mismatch between the demand and supply of
energy in general and electricity in particular, is posing challenges to farmers
located in remote areas and makes them vulnerable to risks, especially the small
and marginal farmers. Indian farmers and the national and sub-national
government both face several challenges with regard to irrigation. Electricity in
India is provided at highly subsidized low tariffs, mostly at flat rates, and this has
led to widespread adoption of inefficient pumps. Farmers have little incentive to
save either the electricity, which is either free or highly subsidized, or the water
being pumped, resulting in a wastage of both. Although the government heavily
subsidizes agricultural grid connections; grid electricity in rural India is usually
intermittent; fraught with voltage fluctuations; and the waiting time for an initial
connection can be quite long. Besides, the power shortages, coal shortages and
increasing trade deficit, put food security of nation at the risk. Currently, India has
26 million groundwater pump sets, which run mainly on electricity that is primarily
generated in coal-fired power plants; or by diesel generators. Irrigation pumps
used in agriculture account for about 25 per cent of India’s total electricity use,
consuming 85 million tons of coal annually, and 12 per cent of India’s total diesel
consumption, i.e. more than 4 billion liters of diesel. The scarcity of electricity
coupled with the perpetual unreliability of monsoon is forcing farmers to look at
alternate fuels such as diesel for running irrigation pump sets. However, the costs
of using diesel for powering irrigation pump sets are often beyond the means of
small and marginal farmers. Consequently, the lack of water often leads to
damaging of the crop, thereby, reducing yields and income. In this scenario,
environment-friendly, low-maintenance, solar photovoltaic (SPV) pumping systems
provide new possibilities for pumping irrigation water. Solar powered pumps are
emerging as an alternative solution to those powered by grid electricity and diesel.
Diesel and electric pumps have low capital costs, but their operation depends on
the availability of diesel fuel or a reliable supply of electricity. It is estimated that
saving of 9.4 billion liters of diesel over the life cycle of solar pumps is possible if 1
million diesel pumps are replaced with Solar Pumps.

The Ministry of New & Renewable Energy (MNRE) has been promoting the
Solar-Off Grid Programme since two decades. The programme size has increased
many folds with the advent of Solar Mission, giving much impetus to various
components of the programme in which solar pumping is one of the major
component. Solar Pumping Programme was first started by MNRE in the year
1992. From the year 1992 to 2015, 34941 solar pumps have been installed in
the country. This number is minuscule, if we compare this with the total number of
pumps in agricultural sector. High costs of solar modules during these years
resulted in low penetration of solar pumps. However, in recent times the module
costs have started decreasing and are presently hovering around one fourth of the
price in those days. As a result, the programme has become more viable and



scalable. Therefore, there was a need to study the important issues concerning
large scale adoption of solar irrigation pumps, its economics/feasibility and
problems in adoption of same. In view of above, the present study was entrusted
to us by the Ministry of Agriculture and Farmers Welfare, Government of India. The
results of the study provide useful insights to understand the socio-economic
profile of adopter households. The study came out with suitable policies.

| am thankful to authors and their research team for putting in a lot of
efforts to complete this excellent piece of work. | also thank the Directorate of
Economics and Statistics, Ministry of Agriculture, Government of India for the
unstinted cooperation and support. | hope this report will be useful for policy
makers and researchers.

Agro-Economic Research Centre (Dr. S.S. Kalamkar)
(Ministry of Agriculture and Farmers Welfare, Govt. of India) Director & Professor
Sardar Patel University, Vallabh Vidyanagar 388120
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Executive Summary

Solarisation of Agricultural Water Pumps in Rajasthan

S. S. Kalamkar and H. Sharma?l

India relies heavily on agriculture and irrigation is used in about 49 per
cent of India’s cultivated area, while the rest relies on monsoon rain. Thus, sound
and expanded irrigation is critical for improving crop production and raising yields.
For over 50 years until 2010, India ranked first with the largest irrigated area in
the world. Irrigation in India today is almost entirely reliant on electric and diesel
pumps. Irrigation pumps used in agriculture account for about 25 per cent of
India’s total electricity use, consuming 85 million tons of coal annually, and 12 per
cent of India’s total diesel consumption, more than 4 billion liters of diesel. Of the
nearly 30 million irrigation pumps in use throughout the country, about 70 per cent
run on grid electricity, 30 per cent are powered by diesel, and only 0.4 per cent are
solar. The annual fossil fuel use associated with diesel and electric pumps
amounts to more than four billion litres of diesel, and 85 million tonnes of coal for
electricity generation. The demand for irrigation far exceeds the available pumping
capacity. Rapidly growing population, coupled with unreliable precipitation patterns
and extreme temperatures wrought by climate change impose additional pressure
on agricultural productivity in the country. Therefore, improving access to irrigation,
while reducing greenhouse gas emissions, has become our national priority

A complex set of factors including global warming, competitive land use and
lack of basic infrastructure is creating new challenges for India’s vast agrarian
population. The ever increasing mismatch between the demand and supply of
energy in general and electricity in particular, is posing challenges to farmers
located in remote areas and makes them vulnerable to risks, especially the small
and marginal farmers. Indian farmers and the national government both face
several challenges with regard to irrigation. Electricity in India is provided at highly
subsidized low tariffs, mostly at flat rates, and this has led to widespread adoption
of inefficient pumps. Farmers have little incentive to save either the electricity,
which is either free or highly subsidized, or the water being pumped, resulting in
wasting both. Although the government heavily subsidies agricultural grid
connections, grid electricity in rural India is usually intermittent, fraught with
voltage fluctuations, and the waiting time for an initial connection can be quite
long. Despite the power shortages, coal shortages and increasing trade deficit, put
food security of nation at the risk.

The generation of solar energy and irrigation for agriculture could be
intricately related to each other. This is because India is a country that is fret with
an irregular and ill-spread monsoon. Hence, irrigation is a pre-requisite for
sustaining and increasing agricultural output. This is particularly true for the
western states of India and especially Gujarat and Rajasthan, where rainfall is

! Agro-Economic Research Centre, Sardar Patel University, Vallabh Vidyanagar, Gujarat
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Solarisation of Agricultural Water Pumps in Rajasthan

often scanty, uneven and irregular; whereas perennial rivers are absent. The role
of canal irrigation becomes very crucial in this scenario. However, in the absence
of sufficient and reliable canal water supply, the only other option that remains
with the farmers is that they irrigate their fields with the help of ground water
withdrawn through either electricity or diesel-driven pumps. Provision of power for
irrigation and other farm operations therefore, is a high priority area for the States.
However, providing farmers reliable energy for pumping is as much of a challenge
as is making the availability of water, sufficient. The high operational cost of diesel
pump sets forces farmers to practice deficit irrigation of crops, considerably
reducing their yield as well as income.

Currently, India has 26 million groundwater pump sets, which run mainly on
electricity that is primarily generated in coal-fired power plants, or run by diesel
generators. Scarcity of electricity coupled with the increasing unreliability of
monsoon forces the reliance on costly diesel-based pumping systems for irrigation.
The scarcity of electricity coupled with the perpetual unreliability of monsoon is
forcing farmers to look at alternate fuels such as diesel for running irrigation pump
sets. However, the costs of using diesel for powering irrigation pump sets are often
beyond the means of small and marginal farmers. Consequently, the lack of water
often leads to damaging of the crop, thereby, reducing yields and income. In this
scenario, environment-friendly, low-maintenance, solar photovoltaic (SPV) pumping
systems provide new possibilities for pumping irrigation water. Solar powered
pumps are emerging as an alternative solution to those powered by grid electricity
and diesel. Diesel and electric pumps have low capital costs, but their operation
depends on the availability of diesel fuel or a reliable supply of electricity. Saving of
9.4 billion liters of diesel over the life cycle of solar pumps is possible if 1 million
diesel pumps are replaced with Solar Pumps. Using solar power for irrigation
pumps can cut a carbon footprint of Indian agriculture and bolster the country’s
role in the war against climate change.

Solar power could be an answer to India’s energy woes in irrigated
agriculture. Solar power generation on the farm itself through installation of solar
PV (photovoltaic) panels; and using it to extract groundwater could just be the
solution for the above concerns. Solar pumps come with a user-friendly technology
and are economically viable. They are easy to use, require little or no maintenance,
and run on near-zero marginal cost. Solar power is more reliable, devoid of voltage
fluctuations and available during the convenient day-time. India is blessed with
more than 300 sunny days in the year, which is ideal for solar energy generation,
aptly supported by promotional policies of the Government of India.

The Ministry of New & Renewable Energy (MNRE) has been promoting the
Solar-Off Grid Programme since two decades. The programme size has increased
many folds with the advent of Solar Mission, giving much impetus to various
components of the programme in which solar pumping is one of the major
component. Solar Pumping Programme was first started by MNRE in the year
1992. From 1992 to 2015, 34941 number of solar pumps have been installed in
the country. This number is minuscule, if we compare with the pumps in
agricultural sector. High costs of solar modules during these years resulted in low

XViii



Executive Summary

penetration of solar pumps. However, in recent times the module costs have
started decreasing and are presently hovering around one fourth of the price in
those days. As a result, the programme has become more viable and scalable.
Therefore, present study was undertaken with aim to study the important issues
concerning large scale adoption of solar irrigation pumps, its economics/feasibility
and problems in adoption of same.

Literature suggests that application of solar energy in irrigation could have
myriad benefits. The primary benefit is that it is ‘free’. However, the generating
apparatus comes with high initial fixed costs like that of capital equipment, costs
of installation, depreciation, interest, protection from theft, vandalism etc.
Nevertheless, the marginal costs are indeed ‘near zero’ (operation, maintenance,
repairs). The costs of expansion in irrigated area like that of hose pipes for
transporting water across fields is also much lesser compared to operating a
diesel pump or getting another electricity connection. Hence, solar pumps could
not only provide cheaper irrigation but also expand irrigated area and thus
increase the returns on agriculture. It could also extend the farming beyond the
kharif season (monsoon); by harnessing ground water and thus aid the
diversification of crops. Solarization could also unshackle the farmers from the
shortage of electricity supply and its inconvenient timings. They would be able to
irrigate not only their own land, but also become irrigation service providers to their
neighbouring farmers and also supplementing their own incomes in the process.
Solarized pumps could promote conjunctive irrigation by promoting ground water
extraction in flood-prone regions like north Bihar, coastal Orissa, north Bengal,
Assam and eastern Uttar Pradesh. The government has acted positively in this
matter and during the last five years, considerable progress ha s been made in
installation of Solar Pumps.

In light of the above, this study attempts to study the status and prospects
of solarisation of agricultural pumps in selected districts of Rajasthan. The data
were collected from three distinct groups of farmers, viz. farmers who had adopted
SIPs with the help of subsidy by the government, farmers who had adopted SIPs
without any support in the form of subsidy by the government, and the farmers
who had not adopted SIPs. The first group was of 100 sample farmers (25 from
each of the four districts under study, i.e. Jaipur, Bikaner, Udaipur and
Sriganganagar) who had installed Solar Irrigation Pumps (SIP) with the support of
subsidy from the government (beneficiary farmer households). The second group
consisted of 5 sample farmers from four districts who had installed SIPs on their
own without any support in the form of subsidy (non-beneficiary farmers). The third
group included 20 sample farmers (5 each from the four districts under study) who
had not yet adopted solarized irrigation (non-adopters). They were still using other
conventional fuels for powering their irrigation pumps when they were visited by
the researchers. Thus, the total sample consisted of 125 selected farmers (Table
1).
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Solarisation of Agricultural Water Pumps in Rajasthan

Table 1: Sampling Framework in Rajasthan State

Sr. | Selected District | Beneficiary Non-solar Non- Total
No. farmers adopter beneficiary
farmers
1 | Jaipur 25 05 01 31
2 | Bikaner 25 05 01 31
3 | Udaipur 25 05 01 31
4 | Sriganganagar 25 05 02 32
Total 100 20 05 125

Policies supporting Solar Power Irrigation in Rajasthan

The state of Rajasthan has 10 per cent of India’s land, 5 per cent of its
population and only 1 per cent of its water resources, a disadvantage by a factor of
the for supply of irrigation water vis-a-vis agriculture area. Acute water shortage,
erratic rainfall and recurring droughts in every district have exacerbated the
situation. Over 60 per cent of the population depends for livelihood on agriculture
or horticulture, often marred by low productivity due to unreliable, inadequate or
non availability of irrigation. About 70 per cent irrigation is done through wells or
tube-wells energized mainly by grid-power or diesel generators. Approximately
60,000 farmers are waiting for grid-based electricity connections for irrigation.
Extension of electric-grid is not feasible in far-flung areas; almost 70 per cent area
in the State is classified as desert. Moreover, ground water has deteriorated
rapidly in the last two decades. Out of 249 blocks, nearly 200 are in the highly
critical zone. AiImost 90 per cent of groundwater withdrawal in the State is utilized
through flood or furrow-irrigation methods with mere 35 to 45 per cent water-use-
efficiency.

Rajasthan is blessed with one of the best solar insolation on earth (6-7
kWh/m2/day) combined with maximum sunny days in a year, about 325, which
makes it one of the most attractive destinations for harnessing solar energy for
various purposes, especially irrigation. It was thus envisaged that an integrated
solar water pump scheme formulated by combining various stand-alone
government schemes would be indeed beneficial for the region as well as its
farmers. Subsidies available under various programs were clubbed and the State
committed to grant the total subsidy up to 86 per cent of the capital cost. The
departments of agriculture, finance and energy of the State, and Union
government’s Ministries for Agriculture (MoA) and New and Renewable Energy
(MNRE) worked in tandem along with various stakeholders to make it is seamless
and successful project.

Rajasthan has been pioneer in promoting solar water pumps by adopting
suitable policies with an aim to increase solar pump coverage in the state. The
solar pump scheme for irrigation began in Rajasthan in 2010 - a combination of
the Jawaharlal Nehru National Solar Mission (JNNSM), Rashtriya Krishi Vikas
Yojana (RKVY), the water harvesting structure (WHS) scheme under the National
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Horticulture Mission (NHM), and various other State resources. Under the scheme,
farmers are provided with subsidies from RKVY and the Ministry of New and
Renewable Energy (MNRE). In the inception year, a subsidy figure of 86% was
arrived at (30% from MNRE and 56% from RKVY), through calculations of a base
price for the manufacturing and installation of a solar water pump set. The
remaining 14 per cent, equivalent to the cost of just the pump set, was to be paid
by the farmer, which would amount to about Rs. 56000-63000. In 2010-11, 50
farmers were targeted, which was scaled up to 500 in 2011-12, and 10,000 in
2012-13, eventually covering all 33 districts of the State. There are three, very
transparent eligibility criteria for the subsidy -(1) the farmer should own at least
0.5 Ha of land; (2) the land should have a diggi/farm pond or other water storage
structure; (3) drip irrigation system should be installed in a portion of the farm.
Progressively, the scheme was amended to include the usage of mini-sprinklers as
criteria for areas where land holdings are relatively smaller and diggi construction
is unfeasible or impractical. This inclusion widened the scope for the
popularization of efficient irrigation methods, increasing the water use efficiency in
many regions significantly. On the other hand, the subsidy figure was reduced from
86 per cent to 70 per cent to an even lower 60 per cent over the years, and this
reduction in the subsidy amount is presently the major cause for farmers backing
out from the scheme. Farmers who already have electric connections for irrigation
shall be provided with a smaller figure of subsidy, amounting to about 30% of the
total cost of the solar pump set. This calls for a study of the efficacy of the scheme
and a detailed evaluation of the impact that these solar water pumps have actually
had on farmers already using them, to enable us to ascertain why we should be
moving towards this green, efficient, cheap, and emission-free energy source,
and/or explaining how the scheme may be further improved for a much wider
acceptance and preference among those that require such alternative solutions
desperately.

In the year 2008-09, Government of Rajasthan had started scheme of 100
per cent subsidy on solar water pump for government farm then after in 2010-11,
pilot project was started and covered only 6 districts to installed solar water pump.
To harness the vast amount of energy, the Rajasthan government subsidized 86
percent solar-powered irrigation in 2011-12 and introduced 3 HP DC submersible
pumps. MNRE and the Ministry of Agriculture through the financial assistance of
the state government had supported. Jawaharlal Nehru National Solar Mission
(JNNSM) provides 30 percent of the state government, Rashtriya Krishi Vikas
Yojana (RKVY) and the Ministry of New and Renewable Energy offers a 56 per cent
subsidy. The solar water pump scheme was scaled up from a mere target of 50 in
2010-11 to 500 (900 per cent increase) in 2011-12; to 2,200 (over 340 per cent
increase) for 2012-13; and, to 10,000 (354 per cent increase) for 2013-14.
Implementation at large scale was initiated in year 2011-12 when out of 33
districts, 14 districts were covered. Next year i.e. 2012-13 the scheme covered all
the 33 districts in the State. In the year 2014-15, all 33 districts were also
included, but this time only 2900 solar water pump was kept in the target as the
subsidy rate had been reduced, but still achieved a lot of achievement and 242
percent more solar pumps installed than targeted. The good achievement in the
next year 2015-16 and 31 percent more installed than the targeted solar pump.

XXi



Solarisation of Agricultural Water Pumps in Rajasthan

After year 2013-14, Rajasthan has also begun targeting high ROl beneficiaries by
prioritizing farmers without electric connections. The state has three subsidy
slabs—75 per cent for those willing to give up their place in the queue for electric
connections, 60 per cent for farmers without an electric connection, and only the
30 per cent MNRE subsidy for those unwilling to give up their electric
connection/place in the queue.

Despite water scarcity, Rajasthan is actively pushing for solar pumps. Its
horticulture department provides 86 per cent subsidy on pumps, while the rest is
borne by the farmer (Table 2). Government of Rajasthan brought a new
momentum in the space of solar irrigation pumps by introducing 3 HP DC
submersible pumps in an 86 percent subsidy scheme launched in 2011-12. There
was also a 2 HP DC submersible pump option, but there have been few takers for
it. The initial estimates of costs at the Rajasthan level 3 were Rs.6.16 lakh for 3
HP pump and almost Rs. 18-20 lakh for a 10 HP pump. Government of
Rajasthan’s aggressive policy of subsidizing solar pumps is helping to increase the
numbers but there is some evidence that the current subsidy is discouraging cost
reduction. Farmers are viewing solar pumps as an all purpose solution to their
energy needs and government has came out the suitable policy towards same
(Table 3). The top five districts having highest coverage of solar pumps are
Bikaner, Jaipur, Sri Ganganagar, Hanumangarh and Sikar.

Table 2: Achievements of Solar Irrigation Pump in Rajasthan

No. of . . .
. - Achieve- Pump Subsidy Funding
Year Project District Target ment Capacity (WP) (%) Source
Covered
2008-09 | Sovernment 7 14 14 1800 100 RKVY
Farms
201011 | Pilot Project 6 50 34 | 2200/3000 | 86 | ROV
2011-12 | First major 14 500 | 1649 | 2200/3000 | 86 INNSM,
jump RKVY
Second major JNNSM,
201213 | -4 33 2200 | 4280 | 2200/3000 | 86 | uiversio
Third major INNSM,
201314 | | ) 33 10000 | 10000 | 220073000 | 86 RKVY,
jump
State
) JNNSM,
2014-15 Tﬁxﬂ“mamr 33 2000 | 9919 | 2200/ 3000 3Qh§0’ NCEF,
jump STATE
: : JNNSM,
2015-16 %ﬁr’“mor 33 4702 | 6170 | 2200/ 3000 3%20’ NCEF,
jump STATE
2060, | INNSM,
2016-17 Six major jump 33 7500 n.a. n.a. 7'5 ’ NCEF,
STATE
o 50,55, | INNSM,
2017-18 major jump 33 500 n.a. n.a. 65. 70 NCEF,
' STATE
50 55 | JNNSM,
2018-19 major jump 33 7500 n.a. n.a. 65’ 70’ NCEF,
' STATE

Note: n.a. Not available.
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The solar pump subsidy was only available to farmers who had farm ponds
(diggi), did horticulture in at least 0.5 hectare (ha) land and used drip irrigation.
The farmer also had to own a minimum of 0.5 ha of land. Further the farmers who
owned up to 2 ha of land could apply for 2200 Wp pump and those who had more
than 2 ha of land could apply for 3000 Wp pump. The eligibility criterion for solar
power pump has been changing every year.

Table 3: Base Rate for SPV Solar Pump Project in Rajasthan (2017-18 and 2018-19)

Sr. DC/ AC Head Base Rate (in Rs. Per set)
No. Details Mounting (mtr.) 3 Hp 5 Hp 7.5 Hp 10 Hp
1 2 3 4 5 6 7 8
1 | SPV Surface pump [DC Static 20 236250 0 0 0
2 IAC Static 20 230492 307999 0 0
3 SPV submersible |DC Static 20 252266 344000 509839 650090
4 pump IAC Static 20 230265 306390 465560 593250
5 50 5412 5412 5412 5412
6 Head Over 75 9020 9020 9020 9020
7 Additional Cost 20m 100 12000 12000 12000 12000
7 Manual 2706 2706 2706 2706
Tracker
8 Auto Tracker 8118 8118 8118 8118
9 SPV Domestic Lighting System 4681 4681 4681 4681
37 Wp/ 40 Ah Battery / 9 W x 2 fixture
10 Fencing 6765 9020 11275 13530

Source: GOR, Jaipur.

Farmers have to apply to the Horticulture department along with a demand
draft for Rs.10000, land ownership record, a tri-partite agreement among the
farmer, preferred empanelled supplier and the horticulture department, a
guotation from the selected empanelled firm, and a technical drawing of the
structure. Once all the applications are collected at Tehsil level, these are verified
for compliance with the eligibility criteria. If the applications are more than the
quota, a lottery is conducted in the presence of District Collector. A
seniority/waiting list is created. If a farmer’'s name features in the lottery list,
he/she has to deposit his 14 percent share minus Rs.10000 with the select firm.
Based on the confirmation of the receipt of farmer’s share work orders are issued
by the Horticulture Department of the state government.

Findings from Field Survey Data

e Data were collected from 125 sample households comprised of 100
households those who have installed solar irrigation pump with support of
subsidy (beneficiary farmer household), 5 sample households who have
installed solarizied irrigation pump on their own (without any subsidy non-
beneficiary farmer household) and 20 sample households who have not yet got
subsidy nor installed solar irrigation pumps on their farm (non adopters-control

group).

e |t was observed that except few respondents from beneficiary category, all
other selected households from all groups (beneficiary, non-beneficiary and
non-adopter category respondents) were male. This indicates farming decisions
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and adoption of new technology on farm related decision were taken by the
male, thus dominance of male could be seen despite of the fact that female
contribution is highly significant in the farming and dairying.

e The average age of all the respondents of selected respondents was around 50
years while average family size of household was relatively larger in case of
beneficiary households (6.91 person), than non-beneficiary and non adopters
households (5.4 and 5.3 members respectively). Out of total adult family
members in the family, more than 70 per cent were actively participating in the
farming.

e The education status of selected respondents indicate the average education
level up to 8 years, while non beneficiary households were relatively more
educated (around 11 years) than other groups. The figures on average level of
education of respondents indicate that lower level of education among
selected respondents.

e The religion-wise distribution of selected respondents indicate that out of total
selected households, about 94 per cent households belongs to hindu religion
while remaining were from Muslim and Sikh religions. Among the three groups
of respondents, same trend was observed except relative high share of Sikh
religion among non-beneficiary households as about one fifth of non-
beneficiary households were from Sikh religion. In case of social caste
distribution, on an average, dominance of other backward class category
households was observed followed by households from general category and
scheduled caste category. The other backward caste followed by open category
comprised beneficiary household group, while opposite composition of
households was observed in case of non beneficiary households. Besides,
Open and OBC category households, scheduled caste households were also
among selected households under non-adopters group. Thus, at overall level,
backward class category respondent dominated the sample followed by
general category and then scheduled caste, while very meager share was of
Scheduled Tribe respondents

e The details on economic characteristics of the selected households indicate
that more than 90 per cent of total beneficiary and non-adopter households
were having farming as their principal occupation while three fourth of total
non-beneficiary households had service as their principal occupation. Animal
husbandry and dairying followed by agriculture labour was subsidiary
occupation of beneficiary and non-adopters, while crop cultivation followed by
agriculture labour was subsidiary occupation of non-beneficiary households.
The main occupation of the selected households was agriculture comprised of
cultivation of land as a farmer along with supportive allied activity of animal
husbandry and dairying.

e The average years of farming experience of the respondents was around 29
years, which shows that most of the respondents were in farming business
since their young age. The income level of both beneficiary and non-beneficiary
households as around 98 percent and 50 per cent non-adopter of households
are categorized above poverty line. The trend was observed in case of dwelling
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structure where about 98 per cent households of beneficiary member have
pucca structure while in non- beneficiary and non adopter category only 60 per
cent and 45 per cent household has pacca house structure.

On an average, land holding size of selected beneficiary households was 1.21
ha categorizing them as small land holders’ group, while non-adopters had
much lesser land holing of 0.91 ha as marginal land holders, While
corresponding figure for non-beneficiary households was 6.10 ha, indicating
larger size of holdings as medium size land holders. Moreover, we also found
that the who were having solar water pump had taken land on leasing-in while
none of them leasing out the land. Non-beneficiary farmer households had
taken larger size of land on leased-in (0.75 hectare) as compared to beneficiary
households (0.01 ha), this might be because the non beneficiary farmers are
comparatively wealthy farmers and have more capital than the other two
groups.

Out of the total operational land holdings with selected households, almost all
land under operation of non-beneficiary household was under irrigation, while
in case of beneficiary households, about 80 per cent land was under irrigation
coverage. The non-adopter households could irrigated their three fifth of total
operational holdings with available sources of irrigation. Thus, despite of
having the large size of land holdings, non-beneficiary had sufficient water and
sources of irrigation to irrigate the crop. Due to such sound background of
having all land coverage with irrigation, the assured returns must have pushed
the farmers to invest in installation of solar pumps on their farm with their own
expenditure, i.e. without any subsidy.

After solarisation, changes in cropped and irrigated area were observed in case
of selected beneficiary households. Area under cropped as well as irrigated
area was increased by around 17 percent, despite of same cropping intensity
was constant. The share of area sown to gross cropped area during kharif and
summer season has shown meager increase. Area under irrigation by type of
irrigation method has shown some changes after solarisation as compared to
situation prevailed during pre-solarisation period of beneficiary farms. The area
irrigated by flood method of irrigation has declined by about 30 per cent which
must have due to adoption of sprinker and drip method of irrigations. The area
under rainfed condition has also shown declined trend. Overall the total gross
cropped area has increased about 17 per cent after solarisation. The
transformational impact of irrigation is evident in solar water pump Scheme,
where solar pumps were used to expand the coverage of the scheme from 40
to 50 hectares. More than 50 per cent beneficiary household area
transformation from gravity-fed irrigation to sprinkler and drip irrigation with
additional solar booster pumps have been deployed to pump water into a
storage reservoir.

The changes in net sown area, gross cropped area and cropping intensity of
sample non-beneficiary households indicate that after solarisation, after
solarisation, significant growth in gross irrigated area and gross cropped area
was recorded, that to increase in irrigated area was more than cropped area.
Due to which cropping intensity has changed by around 13 per cent points
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after solarisation as compared to before solarisation year. The increase in area
under irrigation may be due to assured and quality power supply through solar
during convenient timings during day time for irrigation.

e In case of non-beneficiary households, area irrigated by flood method of
irrigation has declined by about 28 per cent. Also rainfed area has declined by
43 per cent after solarisation. While area irrigated through the use of micro
irrigation equipments such as sprinkler and drip has recorded significant
increase. Overall the total gross cropped area has increased about by 26.04
per cent after solarisation. As increase in gross cropped area was higher for
non-beneficiary than the beneficiary may to due to the fact that non beneficiary
farmers are economically strong and diesel pump owners, had shifted to solar
pumps to avail benefits such as zero operational costs, ease of use throughout
the day and cost savings on diesel.

¢ In case of non-adopter, cropping intensify was 166 per cent mainly because of
more than four fifth of total cropped area having irrigation coverage.

e Before solarisation of irrigation pumps, out of selected solar water pumps
users, only 37 percent of beneficiary household had grid connection facility
available on their farm while all the non-beneficiary farmers had grid
connectivity to their irrigation pumps on farm. In case of rate charged towards
use of electricity, almost two third pumps of beneficiary households were
metered and remaining were charge in flat rate basis. While in case of non-
beneficiary households, all irrigation pump had meter and were charged on
meter use basis. Average irrigation expenditure per household per year was
estimated to be between Rs. 3200-3500/-. Despite of the fact that agriculture
require more hours of electricity supply to carry out agricultural operations
(irrigation, threshing, etc), selected respondents households reported that they
used to get hardly 6 hours of power supply in a day, which indicate the
pressure built on respondents to make use of new technology of solar energy.

e The selected households had multiple sources of water available for irrigation
and also used multiple method of irrigations such drip and sprinkler irrigation.
The average water depth was estimated to around 200 feet and water was
lifted through making use of diesel and electric pumps. The average distance of
canal/river water was about 1 kms from the field. Around two third of the
selected households had water storage facility on the farm, while no one has
made attempt to recharge the groundwater through adoption of any innovative
technique or practice. The main problem was observed with the availability of
electricity to farm connection which is hardly made available though grid for
eight hours in a day that to at inconvenient times, irrespective of season. Thus,
in order to irrigate the crop during day time with uninterrupted power supply,
the solar irrigation pump is the most suitable option available which selected
households have installed on their farm.

e Changes in cropping pattern of sample beneficiary households indicate that
due to about 17 per cent increase in gross cropped area after solarisation,
area under fruits and vegetables, wheat and maize crop has significantly
increased during rabi and summer season. The change in cropping pattern was
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relatively in favor of irrigated crops. During kharif season, major crops grown
were paddy, maize, groundnut, cotton, soybean while wheat and gram were
sown during rabi season. Due to availability of irrigation facility, crops such as
maize, moong, vegetables and fruits were grown during summer season.

Most of the households, who were previously growing little more than
subsistence crops of bajra, maize, soybean in kharif and wheat, gram and
mustard in rabi, could grow feed crops, earn income and benefit. After
solarisation, the numbers of crops grown have also increased. During survey,
respondents have reported that farm yields have increased to an average of 2
to 4 quintal per hectare. Irrigation enables farmers to grow three crops per
annum and rotate crops to grow a diversity of nutritious and cash crops, such
as vegetables and fruit crops and flowers also. This indicates that solarisation
helps to increase the area under cultivation during the summer season or
under the perennial with commercial crops like vegetables.

While in case of non-beneficiary households, kharif season was the major
season. Crops were grown in all three seasons (kharif, rabi and summer) before
solarisation as well because of the fact that they are economically sound and
thus can make full use of water through diesel and electricity pump. While after
solarisation, the share in area of traditional crops such as jowar, moong, moth,
guar and bajra has decreased and area under other horticulture crops like
vegetables and fruits crops has increased. After solarisation, gross cropped
area of the non-beneficiary households has increased by 25 percent. It was
also observed that after solarisation, the numbers of crops grown during year
has been increased, as seen in case of beneficiary households. In Kkharif
season, the major crops grown were cotton, soybean and bajra while during
rabi season, wheat, gram and rapeseed & mustard crops were grown. The
fodder and vegetables crops were grown by the non beneficiary farmers during
summer season. The increase in share of the area under commercial crops,
fruits and vegetables and perennial crops indicate the benefit of solar energy
availability with selected non beneficiary households for irrigating the crops.

In case of non-adopters (control group) households, major crops grown during
Kharif season were bajra, moong, moth, groundnut, guar and other minor crops
while wheat, gram, rapeseed and mustard were major crops grown during rabi
season. It was very pleasant to note here is that significant area during
summer season was allotted under fodder crops indicates the scarcity of
fodder in the selected area. The distribution of area under irrigation by type of
irrigation method used by all non adopter farmers adopted flood irrigation
system.

The details on possession of irrigation pumps of selected households indicate
that Solar pumps essentially are a collection of solar PV panels, AC or DC
pumps and the associated electronics that have been optimized for high
efficiency operations. All non-beneficiary households have used submersible
DC pumps while in case of beneficiary households, 54 per cent households had
DC pumps on their farm. As a technology, while AC technology is now catching
up, DC technology is considered to be more suitable given the wider operating
range and higher efficiencies reported by beneficiary.
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The details about the installation of solar panels and availability of power with
selected beneficiary and non-beneficiary households indicate that land area
covered by the solar pump installed was around 4.8 ha in case of beneficiary
households while same was 4.4 ha in case of non-beneficiary households. All
the selected households had solar panels on farm. About two third of installed
solar PV panels were with automatic rotation system while remaining were with
manually rotation system. On an average 4-6 poles are were installed with
mean number of stand poles between 12-15, having average size of panel of 3
feet by 5 feet. Mean area covered by the each stand pole was around 5 feet by
5 feet. No installed solar panel have meter to record the power generated and
used. About 37 percent solar plants of beneficiary households and 5 percent of
non beneficiary households were connected to grid. None of farmers has
installed the solar power storage cell. The solar power generated mostly been
sued for agriculture purpose while few of beneficiary households used for
household purposes as well. None of the selected households had use solar
power to sell irrigation water to neighboring farmer, thus no additional income
through sale of water was reported.

Rajasthan comprises about 10.4 percent of India’s landmass in which 60 per
cent area are is desert and 5.5 percent of the total population but has only one
percent of the nation's water resources. Groundwater is either saline or
declining at a fast rate. The grid power supply available for only 5 to 6 hour for
form field and its very expensive. In such a scenario, selected households were
asked about the reasons for adoption of solar power generation unit on their
farm. The selected households have cited multiple reasons for choosing solar
on their farm.

About two third of beneficiary households mentioned that to avoid hassle of
irrigating crop irrigation during night hours was the major reason for adoption of
solar irrigation pump. More than 50 percent of selected households strongly
reported that they adopted the solar water pump due to costly diesel, followed
by non-availability of electricity connection, unreliability of electricity supply/
inconvenient grid supply timings, high electric bill. Few of the beneficiary
households wanted to try renewable technology as it is environment-friendly
while few wanted to take advantage of subsidy being offered for installation of
solar pumps on farm. While in case of non-beneficiary households, major three
reasons quoted were saving electric bill followed by costly to run electric pumps
and inconvenient time of electric supply/costly diesel. Thus, findings about the
reasons for adoption of the solar water irrigation pump under different category
suggests that high cost of electricity along with inconvenient hours of electricity
supply and high cost of diesel has pushed the farmers to adopt pollution free
power generation thorugh solar.

Government of Rajasthan brought a new momentum in the space of solar
irrigation pumps by introducing 3 HP DC submersible pumps with 86 percent
subsidy scheme launched in 2011-12. There was also a 2 HP DC submersible
pump option, but there have been few takers for it. The State government
leveraged central financial assistance coming from MNRE and Agriculture
Ministry for the same. The state government provides 56 percent subsidy
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under Rashtriya Krishi Vikas Yojana (RKVY) and the New and Renewable
Energy Ministry of Government of India provides the balance 30 percent under
Jawaharlal Nehru National Solar Mission (JNNSM). The project was
implemented through the Horticulture Society under the Agriculture department
of Government of Rajasthan. The beneficiaries had to pay 30 to 32 per cent of
the system cost. The agriculture department of Rajasthan provided 68-72 per
cent of total cost as subsidy through JNNMS and RKVY scheme. The cost of 5
HP solar pumps was about 30 to 33 per cent higher than 3 HP solar. It may be
noted that, the major sources of institutional credit was commercial banks
followed by cooperative banks, for both beneficiary and non-beneficiary
farmers. About 50 to 80 per cent amount had taken loan by beneficiary while
corresponding figure for non beneficiary household was 45 to 55 with interest
rate ranges between to 7 per cent. The cost of documentation incurred by
selected households was about Rs. 1111/- per households while in case of
non beneficiary households same was Rs. 1848/-. The expenditure of Rs.
1584/- was incurred towards installation by the beneficiary while
corresponding figure for non-beneficiary household was Rs. 1848/-.

The process of installation of solar pump took almost 6-7 days while average
number of visits of representative of agency was more in case of non-
beneficiary (about 5 visits) compared to beneficiary households (about 3 visits).
The company-wise distribution of solar panels indicates that Jain Irrigation
Company had supplied major share of pumps (as solar pump supplier) in both
groups. The other major suppliers were Shakti, Lubi, Tata Solar, Waaree, etc.
More than 95 per cent of selected respondents had received training/
demonstration about operating solar pump from solar water pump through
supplier agency while about more than 98 per cent of beneficiary and non
beneficiary household had satisfied with support services provided by agency
and quality of solar panels. More than 90 per cent responded are insured the
solar pump.

Government of Rajasthan had many times improved the policy and eligibility
criteria of receiving subsidy on solar water pump. The solar pump subsidy was
only available to the farmers who fulfill the basic criteria fixed for same such as
farmer should have farm ponds (diggi), had land at least 0.5 hectare (ha) land
and availability of micro irrigation instruments or ready to take solar with micro
irrigation and no grid connection. It can be seen in table 3.19 that more than
80 per cent beneficiary had fulfilled these conditions.

Storage tanks in different sizes are used to store the water that is pumped. The
water that is stored in the tank can be used for irrigation when needed. There
are different types of agricultural irrigation method used.. More than 90
percent beneficiary households had used solar with MIS while 100 per cent
non-beneficiary households have used MIS and Solar pump without subsidy. All
solar water pump users advise to others to adopt solarisation of irrigation
pumps with the information of the government policies in the solar irrigation
sector, particularly solar subsidies regard and economic benefit of solar
irrigation pump.
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To supplement the intermittent and inadequate canal supply, many farmers
have also dug tubewells. It can be seen in table that the depth of water level is
was around 210 feet in case of beneficiary households during both the periods,
while same has slightly increased to about 235 feet in case of non-beneficiary
users. The depth of groundwater was stagnant possibly may be due to farm
pond as recharger for ground water on beneficiary farm.

Diesel was used as fuel to drive the water pump during rabi season. On an
average about 4 litre of diesel was used per bigha watering of land by the
selected respondents and approximate expenditure of repair of diesel pump
was estimated to be between Rs. 8500-10000/- was incurred. Some of the
beneficiary and non beneficiary farmers had to incurred expenditure to the
tune of amount of Rs. 4581-/ and Rs. 6847/- towards repair of their electric
pumps. On an average, about more than two hours time was spent on
procuring diesel/petrol per week to fetch diesel from about 10-12 kms away
from village/farm. But after solarisation, not only large reduction in operational
and maintenance cost was observed but also complete removal of reliance on
fuel has been observed. It was surprising to note here is that no selected
respondent have commented on the excessive water withdrawal for long run as
well as on steps taken to curtail water withdrawal for self use as no one had
reported sale of water. Besides, no efforts were made by anyone respondents
to recharge water.

About 20 to 25 per cent respondent have realized that the crop productivity
have increased and about 40 to 45 per cent respondent have adopted the crop
diversity after adoption of solar which help them to increase the numbers of
crops in a season. They are now growing commercial crops and also reported
that the after solar, the productivity of traditional crop increased. None of
farmers of beneficiary and non-beneficiary has sold the water but the exchange
and borrow water from each other. Due to increase in availability of power
during convenient timings, farmers have diversified their cropping pattern
towards high value crops as well as some of them have noticed positive
increase in productivity of crops grown.

Solar panels are generally self cleaning, but in particularly dry areas or where
panel tilt is minimal, dust and other substances such as bird droppings can
build up over time and impact on the amount electricity generated by a module.
Grime and bird poop doesn’t need to cover an entire panel to have an effect.
This is where cleaning solar panels may have to be done. As solar electricity
generation is depend on the exposure of solar panel surface area which may
over time get dusty and with other substances such as bird droppings can build
up over time may impact on the amount electricity generated by a module.
Therefore, regular cleaning of solar panels need to be carried out by the
farmers. It was observed that different time schedules are adopted by the
households for cleaning of solar panel surface and no similar pattern observed.
Two third of beneficiary households and one fourth of non-beneficiary
households has been cleaning the same twice in a week, half of the non-
beneficiary households and one tenth of beneficiary households clean solar
panel once in a week. The approximate time for cleaning the solar panel
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surface is estimated to about 20-22 minutes. On average, 45 per cent of the
solar panels users clean the panels in once a week and 25 percent of the
respondents are cleaned twice in a week. The estimated time for the cleaning
of solar panels is 28 to 30 minutes.

The experiences with solarized irrigation of selected households indicate that
ease of opinion and maintenance along with convenience time for irrigation
with output of water were major positive aspect of solarisation. The other
supportive factors of solarisations noted by the selected households were
reduction in use of fertilizers, use of micro-irrigation method.

More than 90 per cent beneficiary and non beneficiary farmers had great
experience of solar i.e. ease of operation, ease to maintenance, less labour and
supervision required and the timing for irrigation are very convenience, used of
fertilizer decrease with increase of micro irrigation after solarisation. Some of
the selected respondents using electric pumps were dissatisfied with use of
electric pump due to its unreliable power supply, depleting water tables and
high expenditure on diesel.

Solar pumping systems allow vital water resources to be accessed in remote
rural locations. Solar water pumps require no fuel and minimal maintenance.
All selected respondents reported the advantage of no cost of fuel followed by
no maintenance cost and quality of power supply. The other advantages
reported by respondents were no harassment of irrigating crop in night, saving
on labour cost, almost no monthly cost of operation and no harassment of
fetching diesel.

Most of the selected households mentioned the two prominent disadvantages
of solar panels such as it require a huge initial investment and only can be
used during sunny days. As installation of solar panel requires usually around
Rs. 4.5 lakhs to 6.5 lakhs depending on the size of the panel and horse power
of solar panel. This is the main reason that discourages people to install solar
panels. Unfortunately, sun doesn’t shine 24 hours, and solar power relies on it.
Since solar electricity storage is not yet fully developed, so it can be used
during sunny days.

About 79 per cent of farmers had given first preference to lack of fund for non
adopting water pump followed by hesitation to invest/ lack of confidence/ risk
averse (66.05%), less land, unviable for investment on solar pump (57.40%),
opposition from family members (56.55%). unviable for investment on solar
pump, Subsidy is insufficient, ground water is at great depth, unsuitable for
solar and came to know about it much later.

About 70 per cent non-adopter HH has suggested that the criteria of subsidy
should be relaxed and need to increase subsidy rate. About 40 per cent
respondents had suggested that the portability of grid connectivity to solar
irrigation pumps should be made and awareness about solar irrigation pump
Scheme need to be increased.
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Policy Implications:

Both the central and state governments have policies and incentives place
to grow the use of solar pumps in the irrigation sector. However there is a
felt need for raising awareness among farming community and for putting
project delivery mechanism in place.

Presently, cost of solar pump appears to be high for individual farmer. Large
scale adoption and production will lead to cost cutting. Community based
projects can reach out to marginal farmers and other low-income group
individuals.

Feasible costing and assistance from state/ central government will
encourage more farmers to opt for the technology. With partnership of state
energy departments, Vidyut Vitaran Nigams, and private partners,
technology can be disseminated at large scale.

Portability of grid connectivity to solar irrigation pumps should be made and
awareness about solar irrigation pump scheme need to be increased.

Majority of the beneficiary farmers suggested that solarized irrigation could
be expanded if the SIPs were made more user-friendly in terms of their
requirement of space, technical features as well as financing; including that
for insurance.

Solar cooperative need to established and individual SIPs in group under
cooperative structure can be connected with the grid in order to evacuate
the surplus power generated there from into the grid, it could not only
prevent the wastage of solar power but also provide the farmers with a
supplementary source of income by way of selling solar power.

The farmers were also in need of awareness about insurance and its
coverage against risks of damage of SIPs or theft of their solar panels.

Also, the procedure for availing subsidy should be simplified and the criteria
for eligibility should be relaxed so as to include more farmers as
beneficiaries

Clearly, more needs to be done in the direction of convincing the farmers
about the advantages of solarized irrigation per se, so that they would come
forward to adopt in large numbers, regardless of the subsidy on offer or the
initial capital costs thereof.

There is a need of innovative policies for governing ground water level in a
sustainable way. There is a need for metering agriculture water use and
total water extraction by farmers using solar, electric or diesel pump.
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Introduction

1.1 Introduction

Energy is a primary driver of economic growth and welfare. Provision of
good quality energy is a means to improve the standard of living of the people.
India has come a long way since independence in building the capacity to produce
quality energy and in making it reach the rural areas as well. Power production is
considered to be a core industry as it facilitates growth across various sectors of
the Indian economy such as manufacturing, agriculture, commercial enterprises
and railways. Thus, it is a key enabler for India’s economic growth, and has
historically shown growth trends in tandem with the overall growth of the economy,
which is also reflected in the strong correlation between the growth rate of
GDP/GVA and the growth rate of power generation capacity in the economy.

In spite of recording significant growth over the years, the Indian power
sector is facing challenges such as shortages and supply constraints of inputs as
well as power supply. Power scenario in the country which had worsened over the
years with the deficit at 10.1 per cent and the peak deficit at 12.7 per cent during
2009-10 has now improved somewhat, with a recorded deficit of 0.7 and peak
deficit of 2.0 percent in 2017-181. However, it is still not enough, because
considering the growth outlook of the economy, it is expected that the demand for
electricity would grow in future. Moreover, India imports over 70 per cent of her
crude oil needs and demand routinely outstrips supply. All of these, along with the
growing concerns about the environmental consequences of fossil-fuel based
power-generation; call for an effective and thorough system of energy production,
distribution and regulation in India. While power-generation in India is
predominantly done with the help of conventional sources such as thermal, hydro

and nuclear plants, the country is also emerging as one of the leaders in

1 See Annexure | (https://powermin.nic.in/en/content/power-sector-glance-all-india).
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renewable energy production (MSSRF, 2007). Efforts are being made to achieve
fuel security though renewable fuels. Harnessing clean and green sources of
energy on a large scale in the country is a necessity to ensure sustainable
economic development without seriously damaging the environment while also

addressing the need for energy security (SPRERI, 2014).

1.2 Renewable Energy Resources at Global Level:

Rising international fuel prices, growing demand for energy and concerns
about global warming are the key factors driving the increasing interest in
renewable? energy sources (Rosegrant et al.,, 2006). Renewable technologies for
power generation, heating and cooling, as well as transportation are considered
the key tools for advancing multiple policy objectives including boosting of national
energy security and economic growth; creating jobs; developing new industries;
reducing pollution from carbon emissions; and providing affordable and reliable
energy for all citizens instead of having to rely on costly and ever-depleting fossil
fuels (REN21, 2018). Renewable energy is defined as energy that comes from
resources which are naturally replenished on a human timescale such as sunlight,
wind, rain, tides, waves and geothermal heat (Omar et al., 2014). The shifting to
renewable energy can help us meet the dual goals of reducing greenhouse gas
emissions, thereby limiting future extreme weather and climate impacts; and
ensuring reliable, timely, and cost-efficient delivery of energy. Investing in
renewable energy can have significant dividends for our energy security (Omar,
et.al, 2014). Therefore, there is considerable interest within the international
community in the socio-economic implications of moving society towards a more
widespread use of renewable energy resources. Renewable energy replaces
conventional fuels in four distinct areas: electricity generation, hot water/space
heating, motor fuels, and rural (off-grid) energy services (REN21, 2010).

The world over, renewable energy sources are beginning to be accepted not
only for their easier availability compared to fossil fuels, but also their positive

impact on global warming and climate change. Renewable technologies for power

2 Renewable energy is generally defined as energy that comes from resources which are
naturally replenished on a human timescale such as sunlight, wind, rain, tides, waves and
geothermal heat (Omar et al., 2014).
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generation, heating and cooling, and transport are considered key tools for
advancing multiple policy objectives of countries going through various stages of
economic development. Renewable energy markets have been growing rapidly
over the last few years. The deployment of established technologies, such as
hydro-power turbines as well as newer technologies such as wind and solar
photovoltaic (SPV) plates has spread quickly, which has increased confidence of
the users in these technologies; reduced the costs of production of equipment by
bringing in the economies of scale; and opened up opportunities for new
entrepreneurs in the market. It is estimated that global electricity generation from
renewable energy sources could grow by 2.7 times between 2010 and 2035
(Omar et al, 2014).
Fig 1.1: Energy Resources of the World (2016)

Source: REN21 (2018).

Renewable energy resources are innovative options for electricity
generation. Their potential is enormous as they can, in principle, meet the world's
energy demand many times over. Despite rapid expansion of capacity for
renewable energy generation as well as the output of equipment such as solar

photovoltaic (PV) panels as well as wind turbines, fossil fuels continue to supply an
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overwhelming proportion of total consumption of energy in the world (REN21,
2018). On the other hand, renewable energy produced from traditional renewable
sources of energy such as burning of biomass and large hydropower plants; as well
as ‘new’ renewable sources such as small hydro-power plants, modern ‘biomass’,
wind, solar, geothermal, and biofuels; together supplies only about 11 percent of
the total energy consumed in the world (see, Fig. 1.1) while renewable energy

share of global electricity production was 26.5 per cent (Fig. 1.2).

Fig 1.2: Renewable Energy share of Global Electricity Production, 2017

Source: REN21 (2018).

1.3 Renewable Energy Scenario in India

Way back in 1980, India was the first country in the world to set up a
Ministry of Non-conventional Energy Resources. Over the years, renewable energy
sector in India has emerged as a significant player in enhancing the grid-connected
power generation capacity. In doing so, it also supports the government’s agenda
of sustainable growth, while, emerging as an integral part of the solution to meet
the nation’s energy needs an agent for improving the access to energy for a vast
section of the population and the economy. It is evident that renewable energy
would have to play a much deeper role in achieving energy security in the coming

years as an integral part of the process of planning to fulfill energy needs.
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The core drivers3 for development and deployment of new and renewable
energy in India have been as follows:

(a) Energy Security: At present around 69.5 per cent of India’s power generation
capacity is based on coal. Besides, it faces an increasing dependence on
imported oil, which amounts to around 33 per cent of India’s total energy
needs.

(b) Electricity Shortages: Despite an increase in installed capacity by more than
113 times in the sixty five years since independence, India is still not in a
position to meet its peak electricity demand as well as energy requirements.

(c) Energy Access: India faces a challenge to ensure availability of reliable and
convenient and good quality of energy supply for all its citizens. Almost 85 per
cent of rural households depend on burning of bio-mas for their cooking needs
and only 55 per cent of all rural households have access to electricity.
However, even with this low access, most rural households face issues with
quality and consistency of energy supply. Shortage of supply of electricity gives
rise to large-scale use of kerosene which in turn leads to a continuously
increasing burden of subsidies on imported crude oil; dependence on imports
for the same and consequently, a constant pressure on foreign exchange
reserves.

(d) Climate Change: India has undertaken a voluntary commitment of reducing
carbon emissions up to that which prevailed in year 2005 by the year 2030 ( a
reduction of about 30-35 per cent). In the recently concluded 21st Conference
of the Parties to the United Nations Framework Convention on Climate Change
(UNFCCC) held at Paris, India committed to achieve a target of installing 40 per
cent of its capacity of cumulative electricity generation from non-fossil fuel
based energy resources by the year 2030 with the help of transfer of
technology and low cost international finance; including that from the Green
Climate Fund (GCF).

One of India’s major advantages today and going forward is that its
renewable energy (RE) potential is vast and largely untapped. India has an

estimated renewable energy potential of about 900 GW from commercially

? https://mnre.gov.in/file-manager/annual-report/2015-2016/EN/Chapter%201/chapter_1.htm
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exploitable sources viz. Wind - 102 GW (at 80 meter mast height); Small Hydro -
20 GW; Bio-energy - 25 GW; and Solar power-750 GW, assuming that 3 per cent
of wasteland would be made available for this purpose (see, Annexure Il).

India is geographically, a very diverse country. Renewable energy sources in
India are not equally well distributed. While solar and biomass are distributed
more or less evenly and could be harnessed in almost all Indian states; wind
energy sources, although abundant, are concentrated only in a few states in
southern and western India. Even for solar energy generation and supply of
biomass for the generation of power, the availability of land might be a cause of
concern for a few states, though not so much for the others.

Recent estimates show that India’s solar potential is greater than 750 GW
and its announced wind potential is 302 GW (the actual could be higher than
1000 GW). The potential of biomass and small-hydro power projects is also
significant. India Energy Security Scenarios 2047 show a possibility of achieving a
high of 410 GW of wind and 479 GW of solar PV by 20474. Thus, renewable energy
has the potential to anchor the development of India’s electricity sector. The
Ministry of New and Renewable Energy (MNRE), Government of India (GOI) is in-
charge of developing sources of renewable energy in India. The Ministry has been
facilitating the implementation of broad spectrum programs including harnessing
renewable power; promoting the use of renewable energy in rural areas for
lighting, cooking and transportation; use of renewable energy in urban, industrial
and commercial applications; as well as development of alternate fuels and
applications. It has targeted for increasing solar power capacity to almost fifteen
times the level of 2016 by year 2022. India is a major participant in the
International Solar Alliance of 120 countries of the world that aim to develop
solarization in power sector (Gol, 2015-16, “Annual Report, MNRE).

The growth in solar power capacity achieved during 1999-200 to 2015-16
is presented in Figure 1.3. As of October 31, 2018, India's overall installed
capacity for power generation has reached 346.048 Giga Watt (GW); of which,
renewable energy sources account for 72.013 GW i.e. (20.8 %)°. Out of the total

* https://niti.gov.in/writereaddata/files/writereaddata/files/document_publication/report-175-GW-RE.pdf
5 . .. . .
See Annexure lll (https://powermin.nic.in/en/content/power-sector-glance-all-india).
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power generated through renewable sources, around 49 per cent came from wind,
while around 32 per cent was generated through solar energy. It is worth noting
that hydro-electricity generation is treated separately and falls under the purview
of the Ministry of Power (MOP) and not under the MNRE. In keeping with the stress
laid on harnessing and development of renewable energy sources, the Ministry of
Power, Gol, has also announced that no new coal-based capacity addition is
required after the year 2027. The figures presented in Table 1.1 refer to newer
and fast developing renewable energy sources and are managed by the Ministry
for New and Renewable Energy (MNRE). In addition, as of 31st March 2018 India
had 45.29 GW of installed large hydro capacity which comes under the ambit of
Ministry of Power. As mentioned earlier, government of India intends to achieve 40
per cent cumulative electric power capacity from non-fossil fuel sources by 2030
(MNRE, 2017).

Fig. 1.3: Total Installed Renewable Capacity (MW), 2006-07 to 2017-18
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With electricity being a concurrent subject, power sector planning occurs at
both the Central level and State levels, not always in a cohesive manner. Apart
from this, the power distribution utilities (DISCOMS) in various States are already

grappling with issues such as power theft and mounting losses, so as to have little
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inclination for managing the variations associated with the intermittent output of
wind and solar power. Renewable energy can offer enormous benefits to the
nation as a whole, eventually benefiting the States as well. Sharing of energy
resources between States could make things easy, quick and cost-effective for
them. It has been well-established internationally, that a smooth integration and
management of energy supply reduces to some extent, the overall variability of
power supply from renewables. Hence, the energy policy needs to be designed in
a manner such that it empowers the States so that they could leverage their
investments in the energy sector by multiple times by way of quick, large-scale and
planned deployment of renewable energy generation. National Institution for
Transforming India (NITI, 2015) in its report highlighted some of the challenges

and possible policy interventions (Box 1.1).

Table 1.1: Installed Grid Interactive Renewable Power Capacity (excluding large
hydropower) in India as of 31st March 2018 (RES MNRE)

Sr. Source Total I_nstalled 2022 target
No. Capacity (MW) (MW)
1 | Wind power 34,046 60,000
2 | Solar power 21,651 100,000
3 | Biomass power 8,701
4 | Biomass & Gasification and Bagasse Cogeneration 114.08 *10,000
5 | Waste-to-Power 138
6 | Small hydropower 4,486 5,000
Total 69,022 175,000

Note: * The target is given for "bio-power" which includes biomass power and waste to power generation.
Source: Renewable energy in India - Wikipedia.html accessed on December 20, 2018.

1.3.1 Solar Energy in India

Of all the sources of renewable energy, the most suitable in the Indian
context is solar energy. Situated close to the Tropic of Cancer and enjoying sunny
days for close to about 300 days in a year in most regions, India could have an
obvious opportunity to become the hot-bed of solar energy. With about 300 clear
and sunny days in a year, the calculated solar energy incidence on India's land

area is about 5000 trillion (KWh) per year (or 5 EWh/yr). The solar energy available
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in a single year exceeds the possible energy output of all of the fossil fuel energy
reserves in India. The daily average solar power plant generation capacity in India
is 0.20 kWh per m2 of used land area, equivalent to 1400-1800 peak (rated)
capacity operating hours in a year with available technology that is also
commercially viable. The Indian government is aggressively promoting solar energy
generation. It had announced an allocation of 1,000 crore (US$160 million) for
the Jawaharlal Nehru National Solar Mission (JNNSM) and a clean-energy fund for
the 2010-11 fiscal year, an increase of X 380 crore (US$60 million) from the
previous budget. The budget 2010-11 had encouraged private solar companies by
reducing the import duty on solar PV panels by five percent which is expected to
further reduce the cost of a rooftop solar-panel installation by 15 to 20 percent.
The Union government had reduced the solar PV panel purchase price from the
maximum allowed %4.43 (6.9¢ US) per KWh to %X4.00 (6.3¢ US) per KWh,
reflecting the steep fall in the cost of solar power-generation equipment. The
applicable tariff is offered after applying viability gap funding (VGF) or accelerated
depreciation (AD) incentives. At the end of July 2015, the major incentives offered
were as follows: i) Scheme of accelerated depreciation under which, if an
enterprise installs a rooftop solar power generation system, 40 percent of the total
investment could be claimed as depreciation in the first year itself. This would
reduce the total tax liability of the firm; ii) Provision of subsidy (initially 30% and
subsequently reduced to 15%) on capital expenditure for installing rooftop solar-
power plants up to a maximum of 500 kW and iii) Tradeable RECs (Renewable
Energy Certificates) provided for every unit of green power generated by the firms
as a supplementary source of income for them.

Financial incentives are based on the measurement of power produced by
way of installed meters on the premises. Besides, the government provides a
guarantee of assured Power Purchase Agreement (PPA) to the firms producing
solar power. This is done via the power-distribution and purchase companies
owned by State and Central governments. The PPAs offer a price equal to that of
the peaking power on demand for the solar power. It also has an added advantage
of an intermittent yet more reliable source of power supply to the producer firm

itself for its own use on a daily basis.
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Box 1.1: Major barriers to Mainstreaming Renewables

Despite the obvious benefits, several factors have prevented the mainstreaming of
renewable energy.

e Firstly, India lacks a comprehensive national policy and legislative framework for
renewable energy. Existing policies and programmes are technology-specific
and vary across states restricting strategic intent.

e Secondly, there is an acute shortage of willing and credit-worthy buyers of RE-
based electricity. Most of our financially distressed power distribution
companies (Discoms) and also the bulk purchasers of power have held back
from buying expensive power (whether conventional or renewable-based) thus
confining power markets. Market risks, clubbed with other economic factors,
have led to high interest rates in Indian financial markets up to around 10% -
14% per annum; which is almost three times higher than that in developed
economies. These high rates impact RE more than other conventional power or
infrastructure. The lack of financing for RE projects is also a result of risks at
multiple stages, for example buyers not paying or grid operators curtailing their
operations which results in reduced enthusiasm amongst investors in these
projects.

* Third major factor, also adding to the risks, is the unplanned and non-facilitated
project development environment.

e Finally, inadequate and outdated grid infrastructure and operations have
affected not just the renewable energy sector but the overall reliability of power
supply. Placing renewables at the center of India’s power system will therefore
require a paradigm shift in planning and governance practices.

Source: NITI (2015).

India's solar energy insolation is about 5,000 T kWh per year (i.e. ~ 600
TW), far more than its current total primary energy consumption. In fact, India’s
long-term solar potential could be unparalleled in the world because it has the
ideal combination of a geographical location that affords a high solar insolation as
well a vast consumer base of power-deprived population. With a major section of
its citizens still surviving off-grid, India's grid system is considerably under-
developed. Availability of cheap solar power can bring electricity to these people
almost with a minimum time-lag and bypass the need and costs of installation of
expensive grid networks. Also, a major factor influencing a region's energy-use

intensity is the cost of the energy consumed for controlling high temperatures
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during the extremely harsh summers. However, this energy use could be turned
around for free, if solar power generated during high temperature in the day time
itself, could be utilized for cooling load requirements during the same period. Since
the harshness of the summer coincides with the generation of solar power and in
turn, the requirement of power for cooling; using solar energy for the purpose of
cooling could make perfect energy-economic sense.

Installation of solar PV plants requires nearly 2.0 hectares (5 acres) land
per MW capacity. This is comparable to coal-fired power plants if one considers the
entire life-cycle including land for coal mining, consumptive water storage and area
for ash disposal. It is also akin to the requirement of a hydro power plant if the
area that is submerged under the water reservoir created on a the site is also
accounted for. Solar plants of the capacity of about 1.6 million MW could be
installed in India on its 1 per cent land (32,000 square km). There are vast tracts
of land suitable for solar power generation in all parts of India exceeding 8 per
cent of its total area which is unproductive, barren and devoid of vegetation. Part
of waste lands (32,000 square km) when installed with solar power plants can
produce 2400 billion kWh of electricity (two times the total generation in 2013-14)
with land productivity/yield of Rs. 0.9 million per acre (3 Rs/kWh price) which is at
par with many industrial areas and many times more than the best of the
productive and irrigated agriculture lands. Moreover, these solar power units are
not dependent on supply of any raw material and are self-sustaining. There is
unlimited scope for solar electricity to replace all fossil fuel energy requirements
(natural gas, coal, lignite and crude oil) if all the marginally productive lands are
occupied by solar power plants in future. Thus the solar power potential of India
promises to meet perennially, the requirements of its population.

As mentioned earlier, India has an estimated solar energy potential of about
750 GW, the state-wise estimated solar energy potential and installed solar
capacity in the country as on 31.12.2016 presented in Figure 1.4 and Table 1.2. It
indicates that Rajasthan accounted for the highest potential of 142 GW which is
19 percent of the total national potential followed by Jammu and Kashmir (15 per

cent), Maharashtra and Madhya Pradesh (8-9 per cent each), Andhra Pradesh and
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Gujarat (around 5 per cent each). These six states together accounted for 60

percent of total solar energy potential of the country.

Figure 1.4: State-wise Solar Energy Potential (in MW) 2015-16
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Source: MNRE (2016).

The installed capacity of commercial solar thermal power plants which do
not have a facility to store power; totals at about 227.5 MW in India; with 50 MW in
Andhra Pradesh and 177.5 MW in Rajasthan. However, solar thermal plants with
thermal storage are emerging as cheaper (US 6.1 ¢/kWh or Rs 3.97/KWh) and
having a clean load, which also bring in more advantage, as they can supply
electricity round the clock. They can cater the load demand perfectly and work as
base load power plants when the generated solar energy is excessive on a
particular day. Hence, a proper combination of solar thermal (storage type) as well
as solar photo-voltaic type, could be appropriate to cater to fluctuations in load
requirements throughout the day as well as in different seasons; thus limiting the

need for procuring batteries for storage of power which are costlier options.
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Table 1.2: State-wise estimated Solar Energy Potential vs. installed solar capacity
in the Country as on 31.12.2016

Sr. State/UT Solar Potential (GWp) # Installed Capacity Install
No. (MW) as on 31.12.2016 | capacity to
GW % to total MW % to total Potential
1 | Andhra Pradesh 38 5.1 979.65 10.9 2.58
2 Arunachal Pradesh 9 12 0.27 0.0 0.00
3 | Assam 14 1.9 11.18 0.1 0.08
4 | Bihar 11 1.5 95.91 11 0.87
5 | Chhattisgarh 18 2.4 135.19 1.5 0.75
6 | Goa 1 0.1 0.05 0.0 0.01
7 | Gujarat 36 4.8 11585 12.9 3.22
8 | Haryana 5 0.7 53.27 0.6 1.07
9 | Himachal Pradesh 34 4.5 0.33 0.0 0.00
10 | Jammu & Kashmir 111 14.8 1 0.0 0.00
11 | Jharkhand 18 2.4 17.51 0.2 0.10
12 | Karnataka 25 3.3 327.53 36 1.31
13 | Kerala 6 0.8 15.86 0.2 0.26
14 | Madhya Pradesh 62 8.3 840.35 9.3 1.36
15 | Maharashtra 64 8.5 430.46 4.8 0.67
16 | Manipur 11 15 0.01 0.0 0.00
17 | Meghalaya 6 0.8 0.01 0.0 0.00
18 | Mizoram 12 0.1 0.0 0.00
19 | Nagaland 7 0.9 0.5 0.0 0.01
20 | Odisha 26 3.5 77.64 0.9 0.30
21 | Punjab 3 0.4 545.43 6.1 18.18
22 | Rajasthan 142 18.9 1317.64 14.6 0.93
23 | Sikkim 5 0.7 0.01 0.0 0.00
24 | Tamil Nadu 18 2.4 1590.97 17.7 8.84
25 | Telangana 20 2.7 973.41 10.8 4.87
26 | Tripura 2 0.3 5.02 0.1 0.25
27 | Uttar Pradesh 23 3.1 239.26 2.7 1.04
28 | Uttarakhand 17 2.3 45.1 0.5 0.27
29 | West Bengal 6 0.8 23.07 0.3 0.38
30 | Delhi 2 0.3 38.78 0.4 1.94
31 | UTs & Others 1 0.1 88.68 1.0 8.87
TOTAL 750 100.0 9012.69 100.0 1.20

Notes: # Assessed by National Institute of Solar Energy; * includes 100.92 MW from other rooftop systems.
Source: http://mnre.gov.in/file-manager/annual-report/2016-2017/EN/pdf/4.pdf

13




Solarisation of Agricultural Water Pumps in Rajasthan

The Government has up-scaled the target of renewable energy capacity to
175 GW by the year 2022 which includes 100 GW from solar, 60 GW from wind,
10 GW from bio-power and 5 GW from small hydro-power. The capacity target of
100 GW set under the National Solar Missioné (JNNSM) will principally comprise of
40 GW Rooftop and 60 GW through Large and Medium Scale Grid Connected Solar
Power Projects (See, Figure 1.5 and Annexure V). With this ambitious target, India
will become one of the largest Green Energy producers in the world, surpassing
several developed countries. The total investment in setting up 100 GW will be
around Rs.6,00,000 crore. The existing solar thermal power plants (non-storage
type) in India which are generating costly intermittent power on a daily basis, can
be converted into storage type solar thermal plants to generate three to four times
more base load power at cheaper cost without the need to depend upon
government subsidies. Fig. 1.6 presents the tentative state-wise breakup of sector-

wise renewable power target of 175 GW by 2022.

Fig. 1.5: Targeted 100 GW Solar Power under RE 175 GW by 2022

Tentative Year-wise Cumulative Targets of 100 GW Solar Power under
Renewable Power Target of 175 GW to be Achieved by 2022
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® https://mnre.gov.in/file-manager/grid-solar/100000MW-Grid-Connected-Solar-Power-Projects-by-2021-
22.pdf
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Fig. 1.6: Tentative State-wise Breakup of Sector-wise Renewable Power Target of 175

GW by 2022

Tentative State-wise Break-up of Sector Wise Renewable Power Target of 175 GW by 2022
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1.3.2. Challenges and Possibilities

There are many challenges to the harnessing of solar energy in India as
well. The per-capita land availability is low. Dedication of land for the installation of
solar arrays must compete with other needs. The amount of land required for
utility-scale solar power plants is about 1 km2 (250 acres) for every 40-60 MW
generated. It would be prudent to use the water-surface area on water-bodies such
as canals, lakes, reservoirs, farm ponds and the sea for large solar-power plants.
These water bodies could also be a ready source of water in order to clean the
solar panels. Similarly, highways and railways may also avoid the cost of land
nearer to load centers, thereby minimizing the cost of transmission-lines by
deploying solar panels at about 10 meters above the roads or rail tracks. Solar
power generated in the area covered by the roads may also be used for in-motion
charging of electric vehicles or even trains, which could not only reduce their fuel
costs but also waiting time for refueling and congestion on refueling stations as
well as rail and road junctions. Solar panels installed on top of highways could also
protect them against damage from rain and the summer heat, in turn increasing
their life-span and also increasing comfort for the commuters by providing a
shaded space to traverse on.

The architecture best suited to most parts of India would be a set of rooftop
power-generation systems connected via a local grid. Such an infrastructure, which
does not have the economy of scale of mass, utility-scale solar-panel deployment,
needs a lower deployment price to attract individuals and family-sized households.
Photovoltaic panels are projected to continue their cost reductions, enabling them
to compete with the price of fossil fuels.

Greenpeace recommends that India should adopt a policy of developing
solar power as a dominant component of its renewable-energy mix. In one scenario
India could make renewable resources the backbone of its economy by 2030,
curtailing carbon emissions without compromising its economic-growth potential. A
study suggested that 100 GW of solar power could be generated through a mix of
utility-scale and rooftop solar PV panels, with the realizable potential for rooftop
solar PV panels between 57 and 76 GW by 2024. During the 2015-16 fiscal year
the National Thermal Power Corporation (NTPC); with 110 MW solar power
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installations, generated 160.8 million kWh at a capacity utilization of 16.64
percent (1,458 kWh per kW)—more than 20 percent below the claimed norms of
the solar-power industry. It is considered prudent to encourage solar-plant
installations up to a threshold (such as 7,000 MW) by offering incentives.
Otherwise, substandard equipment with overrated capacity may tarnish the image
of the industry as well as the resource. Alarmed by the low quality of equipment,
India issued draft quality guide lines in May 2017 to be followed by the solar plant

equipment suppliers which are confirming to the Indian standards.

1.4 The Energy-Irrigation Nexus & Need of Solarization of Pumps:

India relies heavily on agriculture and irrigation is used in about 48.78 per
cent of India’s cultivated area, while the rest relies on monsoon rain (GOI, 2018).
Thus, sound and expanded irrigation is critical for improving crop production and
raising yields. For over 50 years until 2010, India ranked first with the largest
irrigated area in the world (Renner 2012; www.fao.org?). Currently, India has 26
million groundwater pump sets, which run mainly on electricity that is primarily
generated in coal-fired power plants, or run by diesel generators (Pearson and
Nagarajan, 2014). Irrigation pumps used in agriculture account for about 25 per
cent of India’s total electricity use, consuming 85 million tons of coal annually, and
12 per cent of India’s total diesel consumption, more than 4 billion liters of diesel
(Upadhyay 2014; SSEF, 2014).

Indian farmers and the national and sub-national government both face
several challenges with regard to irrigation. Electricity in India is provided at highly
subsidized low tariffs, mostly at flat rates, and this has led to widespread adoption
of inefficient pumps (Desai, 2012). Farmers have little incentive to save either the
electricity, which is either free or highly subsidized, or the water being pumped,
resulting in wasting both. To meet the dual objective, solar powered pumps are
emerging as an alternative solution to those powered by grid electricity and diesel.
Diesel and electric pumps have low capital costs, but their operation depends on
the availability of diesel fuel or a reliable supply of electricity. Although the

government heavily subsidies agricultural grid connections, grid electricity in rural

7 http://www.fao.org/nr/water/aquastat/didyouknow/index3.stm
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India is usually intermittent, fraught with voltage fluctuations, and the waiting time
for an initial connection can be quite long (Banerjee et.al. 2015). Solar pumps
provide freedom to farmers from these constraints, by giving a reliable access to
irrigation on most occasions. However, some of the recent field studies have
indicated that solar pumps have not been able to replace the electric or diesel
pumps entirely (SKEF, 2018). For a few days in a year, farmers complement other
pumps with solar pumps. Looking at the economics, the capital cost of solar
pumps is high, but on a life-time cost basis, solar pumps may offer savings for
farmers due to their low operating expenses.

The generation of solar energy and irrigation for agriculture could be
intricately related to each other. This is because India is a country that is fret with
an irregular and ill-spread monsoon. Hence, irrigation is a pre-requisite for
sustaining and increasing agricultural output. This is particularly true for the
western states of India and especially Gujarat and Rajasthan, where rainfall is
often scanty, uneven and irregular; whereas perennial rivers are few. The role of
canal irrigation becomes very crucial in this scenario. However, in the absence of
sufficient and reliable canal water supply, the only other option that remains with
the farmers is that they irrigate their fields with the help of ground water withdrawn
through either electricity or diesel-driven pumps. Provision of power for irrigation
and other farm operations therefore, is a high priority area for the States.
Agriculture is a State subject in India whereas water and power are on the
concurrent list. Hence, along with the scarcity of water, the scarcity of power is
another major issue plaguing Indian agriculture. The use of electricity in agriculture
has increased significantly over the period of time from about 3 per cent of total
electricity consumption in the country at the time of independence to more than
18 per cent in the year 2018 (see, Fig. 1.7 and Annexure V & VI), as availability of
electricity has increased. Though share of electricity consumption had increased
the highest level of 26.65 percent of total electricity consumption in 1997, it
declined thereafter to around 18 per cent which may be due to low availability of
electricity in relation to its demand (Fig 1.8). There is a growing demand for
electrical energy for irrigation requirements in India. Electricity DISCOMS of many

states have been facing acute power shortage which led to unrest among the
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farmers in many states (Murthy and Raju, 2009). The highest share of use of
electricity in agriculture to total consumption during 2013-14 was recorded in the
state of Rajasthan (40 per cent), followed by Karnataka and Madhya Pradesh
(around 33 per cent), Andhra Pradesh and Haryana (around 30 per cent), while
corresponding figure for Gujarat was 22 per cent (Annexure VII).

Figure 1.7: Growth of Electricity Consumption in Agriculture
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Fig. 1.8: Share of Agricultural Consumption to Total Consumption
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A complex set of factors including global warming, competitive land use and
lack of basic infrastructure is creating new challenges for India’s vast agrarian
population. The ever increasing mismatch between the demand and supply of
energy in general and electricity in particular, is posing challenges to farmers

located in remote areas and makes them vulnerable to risks, especially the small
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and marginal farmers. The scarcity of electricity coupled with the perpetual
unreliability of monsoon is forcing farmers to look at alternate fuels such as diesel
for running irrigation pump sets. However, the costs of using diesel for powering
irrigation pump sets are often beyond the means of small and marginal farmers.
Consequently, the lack of water often leads to damaging of the crop, thereby,
reducing yields and income. In this scenario, environment-friendly, low-
maintenance, solar photovoltaic (SPV) pumping systems provide new possibilities
for pumping irrigation water. However, they constitute a rather unknown technical
option, especially in the agricultural sector. Up till now, they have not been
seriously considered in agricultural planning in the country. Despite inheriting the
world’s largest canal irrigation network in 1947, India today has become the
world’s biggest groundwater irrigation economy. However, providing farmers
reliable energy for pumping is as much of a challenge as is making the availability
of sufficient water. However, the high operational cost of diesel pump sets forces
farmers to practice deficit irrigation of crops, considerably reducing their yield as
well as income.

India currently has about 15 million electrified irrigation tube wells, with an
estimated power subsidies on irrigation of about 70,000 crores (Shah et al., 2016)
that are responsible for the financial mess in our DISCOMs (Shah, et al., 2016).
State governments dare not cut these subsidies owing to their political
compulsions. Besides, the existing electricity supply is not far from sufficient, non-
reliable, inferior and fluctuating in voltage and available at inconvenient hours.
New electricity connections are hard to get, with a waiting list running into lakhs. In
eastern India also, in spite of the abundance of ground water, the shortage of
electricity supply hampers its harnessing for irrigation. As a result, a large
proportion of irrigation is done through diesel-run pumps. About 9 million diesel
pumps were currently being used for irrigation in India (Chawla and Agrawal,
2016). This burdens the exchequer with huge subsidies given on diesel; and also
generates environmental pollution. In this scenario, solar power could be an
answer to India’s energy woes in irrigated agriculture. Solar power generation on
the farm itself through installation of solar PV (photovoltaic) panels; and using it to

extract groundwater could just be the solution for the above concerns. Solar

20



Introduction

pumps come with a user-friendly technology and are economically viable. They are
easy to use, require little or no maintenance, and run on near-zero marginal cost.
Solar power is more reliable, devoid of voltage fluctuations and available during
the convenient day-time. India is blessed with more than 300 sunny days in the
year, which is ideal for solar energy generation, aptly supported by promotional
policies of the Government of India (Chawla and Agarwal, 2016).

Solar energy, long considered ideal for home lighting uses, has suddenly
become attractive for pumping irrigation water (Shah, et al.,, 2014). India has
already some 20,000 solar irrigation pumps in fields and famers everywhere seem
happy with their performance and potential (Kishore et al, 2014; Tewary 2012).
Solar water pumping systems constitute a cost-effective alternative to irrigation
pump sets that run on grid electricity or diesel. Solar Photovoltaic (SPV) sets
constitute an environment-friendly and low-maintenance possibility for pumping
irrigation water. Studies estimate India’s potential for Solar PV water pumping
infrastructure to be between 9 to 70 million solar PV pump sets, corresponding to
at least 255 billion liters/year of savings of diesel (HWWI, 2005). The government
has acted positively in this matter and during the period 2012-13 to 2016-17
considerable progress ha s been made in installation of Solar Pumps (Fig 1.9).

Figure 1.9: Solar Pumps installation during 2012-13 to 2017-18
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1.4.1 Understanding the Economics of Solar Pumping8
The comparison between the solution offered by way of solarized irrigation
vis-a-vis the conventional solutions depends on a number of factors, including
1. Initial capital costs (type and size of system, cost of shipping and installation);
2. Recurring costs (e.g. costs relating to operation and maintenance, labour and
fuel);
3. Assurance of economic benefits (e.g. fuel savings, yield increase) to the users;
and

4. Current expenditure on the provision of energy

A number of studies have assessed the economics of solar irrigation. The
comparability of results is limited due to differing contexts, methodologies and cost
assumptions. However, across the literature, there is an emerging consensus that
solar based irrigation offers substantial economic benefits. In India, several
studies point out the competitiveness of solarized irrigation compared to diesel-
powered irrigation under a variety of conditions. Similar evidence is also available
from Bangladesh, Benin, Chile, Egypt, Kenya, Zambia and Zimbabwe of the about
the competitive costs of solarized irrigation as compared to irrigation through
conventional sources. Indeed, subsidies offered for electricity and fuel affects their
price in such as way that their cost to the consumer is affected, if comparable
amount of subsidy were to be offered in solarized irrigation as well. The cost
calculations stand to change drastically. While analyzing the economics of solar
irrigation, two key aspects need to be examined:

1. Costs and benefits of solarized irrigation vis-a-vis irrigation from other
sources should be considered; not only for the farmers but also to the
government exchequer (Box 1.2). In the case of grid-connected pumps in
particular, non-cost-reflective power tariffs distort the attractiveness of solar
pumping solutions for farmers, although governments are increasingly
recognizing the long-term economic benefits that can be gained from
switching over the existing or new grid-connections for agricultural pumps

into solarized irrigation pumps.

& Based on www.energetica-india.net/download.php?seccion=articles&archivo...pdf
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Box 1.2: Cost Benefits of Solar Pumping

Farmers Governments

e Supply of energy and improved <« Reduction in electricity and fuel use
* Improved crop yields and increased « Reduced fuel imports; savings of

Incomes foreign exchange

time which could be used more employment in small or medium

productively land-holdings, trade and businesses
* Enhanced crop resilience and food across the value chain

security e Improved reliability of power
*  More income generating systems

opportunities by combining crops of « |ncreased agricultural output for the

staple foods with high-value crops population

elec.trlmtyfor hous§hold use * A step towards resisting climate
* Additional benefits for health, change

education and poverty alleviation;
especially with respect to women

2. Different scales of farming (commercial, smallholder and subsistence) as
well as existing irrigation practices (grid-connected, fuel-based and rainfed)
need to be considered. The competitiveness of solarized irrigation could
vary as farmers with smaller landholdings may adopt smaller, less capital-
intensive irrigation options, such as petrol-diesel based pumps or they may
also opt to pay for irrigation services purchased from others instead of

investing to create the same on their own.

1.4.2 Recognizing the Environmental Impact

India uses more than 4 billion litres of diesel and around 85 million tons of
coal per annum to support water pumping for irrigation. Solar irrigation has a
substantially lower environmental footprint compared to traditional options. The
potential environmental advantages from solar pumping, compared to
conventional methods, is impressive. In India, it is estimated that 5 million solar
pumps can save 23 billion kilowatt-hours of electricity, or 10 billion litres of diesel.
This translates into an emissions reduction of nearly 26 million tonnes of carbon
dioxide. Installing 50,000 solar irrigation pumps in Bangladesh could save the

country 450 million litres of diesel and reduce emissions by 1 million tonnes of CO
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per annum. Thus, solarized irrigation offers an opportunity to achieve sustainable
development through a reduction in carbon emissions a resilience against climate
change (see, Box 1.3). This makes it a preferred contender for financing under the
theme of meeting the challenges of climate change. For instance, the solar
irrigation programme of Bangladesh IDCOL is supported by the World Bank under
the Bangladesh Climate Change Resilience Fund. Similarly, the Nordic Climate

Facility has provided funding for solar powered irrigation to farmers in Benin

(Nordic Development Fund NDF and Nordic Environment Finance Corporation).

Box 1.3: Summary of Benefits and Impacts of Replacing Conventional Pumps with Solar

Benefits from replacin

g 1 million diesel pumps with solar pimps

Impacts

Reduction of diesel
use

9.4 billion liters of diesel use over life cycle of
solar pumps

Environmental

Subsidy savings

USD 1.26 billion (INR 84 billion) in diesel
subsidy savings® over life cycle of solar pumps

Economic

Emission reduction

25.3 million tons of CO2 emission abatement
over life cycle of solar pumps

Environmental

Foreign exchange By reducing diesel imports, USD 300 million Economic
savings and relief of | savings annually, USD 4.5 billion over pump

current account life

deficit

Benefits from replacing 1 million electric pumps with solar pumps impacts

Reduction of
electricity use

Up to 2,600 million units of electricity, to
relieve the overburdened old power grid

Economic and
Environmental

Subsidy saving

USD 450-525 million (INR 30-35 billion)
savings in farm power subsidies10

Economic

Emission reductions

2.5 million tons of CO2 emission abatement

Environmental

across the value chain

Benefit agricultural output from installing 1 million solar pumps Impacts
Improvement in crop | 10% increase in crop yields or USD 300 million Economic
yields1t (INR 20 billion) annually, USD 4.5 billion (INR

300 billion) over the pump lifetimes
Other Impacts of solar pumps
Boosting relevant Development of solar pump market and Economic
industry technology advancement
Job creation Creation of small businesses/ employment Economic

Source: Shim (2017), Global Green Growth Institute, Seoul.
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Looking forward, the global market for solar pumps is expected to reach
over 1.5 million units by 2022 compared to approximately just 1,20,000 units in
2014. This means an increase of nearly twelve-fold in the market size. Reaching
such a scale of deployment will require substantial efforts in order to develop an
enabling environment in terms of policy support as well as fiscal measures that

enable the strengthening of forward and backward linkages in the market.

1.5 Brief Review of Literature

Literature suggests that application of solar energy in irrigation could have
myriad benefits. The primary benefit is that it is ‘free’. However, the generating
apparatus comes with high initial fixed costs like that of capital equipment, costs
of installation, depreciation, interest, protection from theft, vandalism etc.
Nevertheless, the marginal costs are indeed ‘near zero’ (operation, maintenance,
repairs). The costs of expansion in irrigated area like that of hose pipes for
transporting water across fields is also much lesser compared to operating a
diesel pump or getting another electricity connection. Hence, solar pumps could
not only provide cheaper irrigation but also expand irrigated area and thus
increase the returns on agriculture. It could also extend the farming beyond the
kharif season (monsoon); by harnessing ground water and thus aid the
diversification of crops.

Solarization could also unshackle the farmers from the shortage of
electricity supply and its inconvenient timings. They would be able to irrigate not
only their own land, but also become irrigation service providers to their
neighbouring farmers and also supplementing their own incomes in the process.
Solarized pumps could promote conjunctive irrigation by promoting ground water
extraction in flood-prone regions like north Bihar, coastal Orissa, north Bengal,
Assam and eastern Uttar Pradesh (Shah and Kishore, 2012).

The Government of Rajasthan (GoR) began an aggressive promotion of
solar irrigation pumps, offering a subsidy of as much as 86 per cent for the
adopters. Governments of Bihar and West Bengal also rendered active support for

supplying solar pumps to small farmers (Shah and Kishore, 2012).
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Solar pumps enable the farmers to make immediate and visible savings on
diesel costs (Tewari, 2012). Besides, solar pumps require less monitoring than
diesel pump-sets, which makes the former a labour-saving option too. Tewari
(2012) attributed the success of solar pumps in northern Rajasthan to the
presence of the well-developed canal network, due to which there was already a
prevalence of diggies (farm ponds) in the area; from which, low-lift pumping could
be effectively done through solar pumps.

Shah et al., (2014) studied Karnataka’s Surya Raitha policy that offers a
guaranteed buy-back of surplus solar power from solar irrigation pump (SIP)
owners at an attractive price, on the lines of Germany, Japan, Italy and California.
Rooftop solar power generation for self-consumption as well as evacuation of the
surplus power to the grid is rapidly emerging as a solution for providing electricity
for irrigation as done in India (Gambhir et al., 2012). Surya Raitha scheme of
Karnataka is to target several goals at one go i.e. improving agrarian livelihoods by
providing farmers with a supplementary source of cash incomes for “growing” solar
energy much in the same way as any other cash crop; and at the same time
conserving the environment through a built-in incentive to conserve groundwater
and energy use in pumping. Most importantly, it would enhance the quality of
irrigation by providing farmers with a reliable and uninterrupted power supply
during the convenient daytimes. It would also have a long term and much larger
impact of reducing the carbon footprint of ground water irrigation done with the
help of electricity or diesel-run pumps. As a positive side-effect, it could also
improve strained finances of the state-run power distribution companies by
reducing the burden of agricultural power subsidies. Thus Surya Raitha was
expected to produce win-win outcomes for all the stakeholders of the ground water
socio-ecology and farm economy. The present policy incentivises farmer against
wastage of solar power or overuse of groundwater. The Surya Raitha scheme
would pay them for the power produced by them and thus lead to the conservation
of both solar power as well as the ground water pumped with it. With a net-
metered SIP along with a guaranteed buy-back of surplus solar power, the farmer
owning the SIP would now tend to use ground water sparingly, for which he would

be encouraged to opt for micro-irrigation technology, At the same time, in order to
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meet the high costs of installation of SIP as well as micro irrigation system, he
would be compelled to choose a crop-mix that brings high returns, i.e, highly
productive or high-value crops.

In parts of western and southern India which are not only electricity-scarce
but also water-scarce, Shah and Kishore (2012) advocate small farmers to form
decentralized cooperative networks of solar power producers. These cooperatives
could enable the farmers to not only fulfill their own energy needs through
solarized irrigation but also gain supplementary income by selling their surplus in a
joint manner. They could become economically viable if the state-owned electricity
discom were to guarantee a buy-back of solar power from them. Mishra et al.,
(2016) also concluded that the off-grid power production in India could be
successful only if it is accompanied by policy support, local accountability
mechanisms, proper selection of technology and scale of intervention, and
capacity building among the communities to subvert local-level conflicts and elite
capture.

Apart from the implicit and realized advantages of solarized irrigation, there
are concerns also. Bassi (2015) vehemently argued that solar pumps are
economically unviable because they are less efficient than diesel pumps and also
do not bring any net environmental gain. He also feared an increase in ground
water extraction. This is due to the fact that the marginal cost of solarized irrigation
is near-zero, with no incentive for farmers to save power and in turn, economize on
the use of groundwater. Shah and Kishore (2012) also flag the dangers of
solarized irrigation pumps that could encourage completely unrestrained ground
water extraction, leading to unprecedented harmful impact on ground water tables
and worsen the situation in northern and western India. They advocate the prior
formation of an effective demand management regime for ground water before
promoting the replacement of diesel pumps with solar pumps. They suggest that
instead of allowing the farmers to generate and use solar power freely, they should
be organized for collectively evacuating their surplus power into the grid of the
power distribution companies. The supplementary income that accrues to them in

this manner could incentivize them to economize on their own power use as well
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as ground water extraction through that solar power. It could also insure them
against a failed agricultural season.

Tewari (2012) observed that farmers in Rajasthan did not bother about the
possible impact of solar pumps on ground water extraction because energy for
irrigation and household needs was their crucial need. Kishore et al., (2014)
believe that solar pumps improve productivity of water only by 5-10 per cent; and
also do not decrease the total volume of water use. They found that farmers were
happy with the performance of solar pumps and the fact that they could get free
energy for their domestic needs.

Kishore et al., (2014) found that solar pumps mainly replaced diesel pumps
and not electrical ones, with were accompanied by heavily subsidized or often free
supply of electricity. Therefore, consumption of state-supplied electricity may not
fall with the spread of solar pumps, particularly in those areas where agricultural
power was non-metered (carrying a flat charge regardless of the quantum of use)
and highly subsidized.

The promotion of solar powered irrigation based on a huge state-supported
subsidy regime for the required capital expenditure practiced in states such as
Rajasthan has been widely criticized. The Government of Rajasthan had tried to
address the possible harmful impact of SIPs on ground water extraction by
mandating that the subsidy on the cost of installation of SIPs could be given only
to a farmer possessing a drip irrigation system as well as a farm-pond on his land.
Kishore et al., (2014) argued against this subsidy regime in Rajasthan by saying
that the offer of a huge subsidy to the extent of 86 per cent on solar pumps was
inefficient and misdirected. Bassi (2015) also raised a concern against this
measure by arguing that the gains from this subsidy would accrue mainly to
resource rich farmers who could meet its eligibility conditions with regard to micro-
irrigation and possession of a farm-pond. Quite naturally, this would exclude those
farmers who did not have the means to meet these eligibility conditions but may
still be in dire need of irrigation facility. Besides, the welfare gains of this subsidy
would be too little compared to the burden it would entail on the tax payers of

Rajasthan State.
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Kishore et al., (2014) recommended that pro rata subsidy on purchase of
solar pumps from a state-empanelled supplier should be discontinued. With pro-
rata subsidy, neither the farmer nor the supplier had any incentive to negotiate the
price or cut the costs of production. Hence, the price tended to remain sticky.
Instead, if the farmer were given a lump sum subsidy, he would be free to
purchase the solar pump-set from the market on the best terms that he could
negotiate. There would also ensue a competition amongst supplier firms which
could bring down the market price. This could also reduce the transaction costs for
the State which would in turn, cut down on the total expenditure on the devolution
of the amount of subsidy.

Tewari (2012) notes that empanelled firms charged prices higher than the
market, while unregistered suppliers charged much lesser. In fact, if farmers
purchased non-subsidized pumps on their own, they would be installed without the
need to wait in a queue, go through the cumbersome formalities or bow down to
corrupt practices. Moreover, the speedy installation of the SIP would bring an
almost instantaneous savings on the costs of diesel costs; compensating for the
subsidy that was foregone. Kishore et al., (2014) suggests that if the farmers were
given remunerative prices for selling the surplus power to the grid, self-investment
on solar pump-sets would increase, resulting in lesser dependence on subsidies in
the long run. Shah and Kishore (2012) rightly pointed out that subsidies in solar
pumps would be meaningless and contradictory if they enriched supplier firms
rather than farmers.

Shah, et.al (2015) estimated that one-hectare farm can generate annual
gross revenue of R50,000 from field crops and Rs. 150,000 as an orchard. But if
put under solar PV arrays, one hectare can generate over R1 crore/year from
solar power. This revenue is free of risk from droughts, floods, pests and
diseases. Moreover, growing solar power does not need seeds, fertiliser,
pesticides, irrigation and backbreaking labour. All it needs is land, and farmers
own half of India’s land.

Gupta (2017) estimated the causal effect of solar water pumping program
on water consumption, energy consumption, cropping intensity and cropping

patterns of farmers in Rajasthan by conducting survey of 430 farmers from 6
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districts-Jaipur, Sikar, Jaisalmer, Sriganganagar, Bikaner and Chittorgarh covering
the period from 2011-12 to 2015-16. Author found that the solar pump subsidy
program has increased energy and water access for solar pump adopters in
Rajasthan. This has led to increase in cropping intensity, gross cropped area under
fruits and vegetables, and annual profits of solar pump adopters in Rajasthan.
Overall, this seems to be a good policy for enhancing food security and incomes of
farmers, and reducing fossil fuel consumption of diesel and electricity
consumption, which are associated with high degree of carbon emissions.
Interestingly, author find that in all diesel using districts (except Chittorgarh)
farmers are primarily dependent on canal irrigation and using solar pumps for
distribution of water from diggi (water tank which stores canal and rain water). This
implies promoting solar pumps in these areas provide win-win solution as farmer
profits expand and fossil fuel consumption falls with no impact on ground water
extraction. However, there is a evidence of increasing ground water extraction by
small and medium farmers who have electric pumps (up to 11-13 HP) or no
electric pumps in Jaipur and Sikar. Access to solar pumps enabled them to extract
more groundwater and meet some amount of previously unmet irrigation water
demand leading to expansion in area under cultivation and area under fruits and
vegatables. Almost all solar pumps were of the size 3 HP, which is relatively small
compared to the existing average electic capacity of 15 HP in Jaipur and 8 HP in
Sikar. However, the extension of subsidy to larger solar pumps such as 5-10 HP
could result in over exploitation of ground water in the long run in the ground water
using districts as solar is free and farmers have no incentive to save water. Author
advocate need innovative policies for governing ground water level in a
sustainable way. There is a need for metering agriculture water use and total water
extraction by farmers using solar, electric or diesel pump.

Raymond and Jain (2018) opined that connecting solar pumps to the
electric grid is expensive for the government and benefits farmers lesser than
subsidies for the purchase of solar pumps. The cost to the government to
subsidise a 3HP stand-alone solar pump at 60 per cent, or to provide a grid
connection to an existing solar pump and pay the farmer a feed-in tariff for surplus

energy over 15 years is approximately equal. However, the farmer’s cost under the

30



Introduction

capital subsidy scenario is 53 per cent lesser than that in the grid-connected case,
despite revenues from the feed-in tariff. Connecting solar pumps to the grid may
provide some additional revenue to solar pump owners. However, they would
prefer selling water using surplus energy, should there be a local demand.
Equivalent revenue that a farmer can gain for such pumping service is INR 20 per
kWh, which is much higher than the feasible feed-in-tariff. However, not all the
surplus energy can be utilised for selling water locally, as the demand is also
seasonal and intermittent. Water-as-a-service using solar pumps by village level
entrepreneurs is a promising model to improve both the utilisation of solar pumps,
and provide irrigation access to marginal farmers. The viability of solar pump
sharing and the significance of the revenue from it remain sensitive to the timing
of local irrigation needs. In areas with a dominance of diesel pumps for renting or
selling water, solar-based water-as-a-service model could have a payback of two to
four years. Encouraging pump sharing could be an opportunity for the government
to increase the utilisation of solar pumps. It would increase the impact of
government support while creating a market-based solution for efficient and
judicious use of the ground water.

In light of the above, this study attempts to study the status of solarisation

of agricultural pumps in selected districts of Rajasthan.

1.6 Objectives of the study:
e To study the coverage of solar irrigation pump in selected districts of
Rajasthan
® To study the features and relative economics of the use of solar irrigation
pumps
® To study the problems faced by the farmer in installation of solar pump

® To suggest suitable policy measures to expand solarization of irrigation.

1.7 Data and Methodology:
The study is based on both, the secondary and primary data. The secondary
data pertaining to the data on coverage of solar irrigation pumps across the States

and regions, details of implementing agency/cies and various schemes in
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operation for the promotion of solar irrigation pumps, district-wise coverage of
solar irrigation pumps, list of beneficiary farmer households under solar irrigation
pump subsidy programme were collected from the nodal agency of State
Government, published sources and related websites.

For the study, primary data were collected from randomly selected farmers
from four districts from different regions of Rajasthan State with the help of
structured and pre-tested schedules/questionnaires from the following categories
of respondents:

e Beneficiary farmer households (BEN- farmers who had adopted SIPs with
the help of subsidy by the government),
e Non-beneficiary farmer households (NONBEN- farmers who had adopted

SIPs without any support in the form of subsidy by the government),

e Non-Solar user household (NSUSER- farmers who had not adopted SIPs)

1.7.1 Area of Study

The area of study was the State of Rajasthan. The four districts have been
chosen from four regions of the state as they represent the characteristics of that
region and are also relevant to research problem under study, i.e. solarisation of
irrigation pumps (Map 1.1). Therefore, these four distinct districts in Rajasthan in
the study area could capture a holistic picture of problem under study at state
level. The districts were chosen as the study area as they exhibit a variety of
challenges such as a scarcity of electricity connections, falling ground water tables,
scarcity of rainfall and surface water structures as well as economic and social
backwardness to an extent. On the positive side, these districts also present an
interesting opportunity of studying the problem under consideration, since the
penetration of solar irrigation technology has reached promising figures and could
throw in some important lessons with regard to how could the further expansion of
solarised irrigation in Rajasthan be done and what could be the constraints for the

same. The selected districts were Jaipur, Bikaner, Udaipur and Sriganganagar.
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Map 1.1: Solar Map of Rajasthan and Location Map of Study Districts

-

-
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1.7.2 Selection of Sample Respondents

All the farmers using solarised irrigation in the selected districts were
treated as the universe for this study. There exists a wide variety in the farmers
using solarised irrigation in Rajasthan. Firstly, there are the obvious differences
unequal land ownership and caste. Further, farmers differ in terms of source of
irrigation, i.e. ground water or surface water, method of irrigation i.e. micro, lift or
flood irrigation, electric-powered, diesel-powered or purchased irrigation service
also, farmers in different regions exhibit different practices. Then there is a
variation in terms of the cropping pattern also, across different agro-ecological
zones of Rajasthan. Similarly, there is a wide variety amongst adopters of solarised
irrigation in Rajasthan as they could use either AC or DC powered solar pumps,

submersible or surface pumps; and also use solar pumps in conjunction with or
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without micro-irrigation on their farms (see, Annexure VIII). With respect to financial
costs of SIPs, many farmers have adopted subsidized solar pumps while there are
also those who have purchased them at market rates without availing of
government subsidy. From each of the selected region and district, villages having
highest number of solar pump installations done by the most dominant service

provider were selected.

Sampling Framework

As mentioned earlier, primary data were collected from the selected sample
households from selected regions and districts on the basis of the sampling design
described below as presented in Fig. 1.10 and Tables 1.3 & 1.4.

Fig. 1.10: Sampling Framework in Rajasthan
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Four districts from four regions of the states were selected.

Four districts were selected from different regions/zones in order to
capture holistic macro picture at the state level.

Accordingly, Jaipur, Bikaner, Udaipur and Sriganganagar districts were
selected.

Department of Horticulture, Government of Rajasthan is nodal agency to
implement the solar scheme in Rajasthan thorough JNNSM and State
Recourses.

From each district, 25 sample beneficiary households, 5 non-solar
adopters were selected (every district-30 households).

From all four districts, 5 sample households were selected who had not
availed subsidy and have installed pump at own cost.

Total sample size for the study was 125 comprised of 100 beneficiary
households, 5 non-beneficiary households and 20 non-solar adopters

from four districts of Rajasthan.

Table 1.3: Details on Selected Sample Households in Rajasthan state

Sr. | Selected District | Beneficiary | Non-solar Non- Total
No. farmers adopter beneficiary
farmers
1 | Jaipur 25 05 01 31
2 | Bikaner 25 05 01 31
3 | Udaipur 25 05 01 31
4 | Sriganganagar 25 05 02 32
Total 100 20 05 125
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Table 1.4: Selected Sample Villages in Rajasthan

Sr.
No

District

Tehsil/Taluka

Village

1

Bikaner

Bikaner

Himatsar
Hosangsar

Jahanglu

Pemasar

Ridamlsor Purohitan
Udasar

Hussainsar

Gairsar

Nal Badi

Jaipur

Chomu

Anantpura Chimanpura
Bhute

Chomu
Sandarsar
Nangal Bhurda
Khetroli

Ghoni
Bhuteda
Kusalpura
Chomu B
Chimanpura
Kacholiya
Singotkala

Govindgarh

Dodhsar

Jhotwara

Basedi

Bassi Jajda
Begas

Balolai
Sheosinghpura

Sri Ganganagar

Sri Ganganagar

92Q

10Q
11Q
12Q
10QA
RACP-9Z
147

157

4C Chhoti
0z

10A

Udaipur

Bhinder

Mavli

Vallabh Nagar

Kodach
Bhinder
Intali

Khokharwas
Ronakui
Kalipahadi
Kharsan
Dubhok
Morjai
Bansda
Navania

Badgav

Madar
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1.8 Data Collection and Analysis

Personal visits were undertaken in each village and information from
sample farmers was collected with the help of a structured questionnaire. The
data was coded, cleaned, edited and tabulated for the purpose of further analysis.
The data was analysed with the help of simple statistical measures like calculating
the mean, median and mode as well as advanced tools like ANOVA as and where it
was found suitable. Conclusions were drawn from the study on the basis of the
research findings which were used to make policy recommendations for expanding
and the area under solarised irrigation in Rajasthan state and enhancing its
efficiency in terms of energy use, water use, agricultural production and
productivity as well as and farmer welfare in Rajasthan; in addition to the wellbeing

of the society at large through the spread of this renewable technology.

Garrett’s ranking technique:

To find out the most significant factor which influences the decision of
respondent, Garrett’s ranking technique was used. As per this method,
respondents have been asked to assign the rank for all factors and the outcome of
such ranking have been converted into score value with the help of the following
formula:

Percent position = 100 (Rij - 0.5) / Nj

Where Rij = Rank given for the ith variable by jth respondents

Nj = Number of variable ranked by jth respondents

With the help of Garrett’s Table, the percent position estimated is converted
into scores. Then for each factor, the scores of each individual are added and then
total value of scores and mean values of score is calculated. The factors having

highest mean value is considered to be the most important factor.

1.9 Limitations of the Study
The primary data were collected from the respondent of beneficiary, non-

beneficiary and control group households. As none of the solar pumps has fitted

37



Solarisation of Agricultural Water Pumps in Rajasthan

with meter to record solar power generation and uses system, thus exact amount

of energy generated and used for irrigation could not be estimated.

1.10 Structure of the report

The present study report is divided into four chapters including this
introductory chapter. Chapter | discuss in brief about the renewable energy
resources at global level, renewable and solar energy scenario in India, energy-
irrigation nexus & need of solarization of pumps, brief review of literature, data and
methodology, limitations of the study and organsiation of report. The second
chapter presents the status of solar irrigation pumps in Rajasthan highlighting the
policies adopted by the government towards same. Chapter Il presents the
findings from the field survey data and last chapter presents summary and

conclusions of the study.

The next chapter presents status of solarisation in Rajasthan.
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Chapter Il

Policies Supporting Solar-Powered Irrigation in Rajasthan

2.1 Introduction:

Among the various renewable energy resources, solar energy potential is
the highest in the country. In most parts of India, clear sunny weather is
experienced 250 to 300 days a year. The annual radiation varies from 1600 to
2200 kWh/m2, which is comparable with radiation received in the tropical and
sub-tropical regions. The equivalent energy potential is about 6,000 million GWh of
energy per year.1 The National Action Plan on Climate Change also points out:
“India is a tropical country, where sunshine is available for longer hours per day
and in great intensity. Solar energy, therefore, has great potential as future energy
source. It also has the advantage of permitting the decentralized distribution of
energy, thereby empowering people at the grassroots level”. With the objective to
establish India as a global leader in solar energy, by creating the policy conditions
for its diffusion across the country as quickly as possible Government of India
launched National Solar Mission. The National Tariff Policy was amended in
January 2011 to prescribe solar-specific RPO be increased from a minimum of
0.25 per cent in 2012 to 3 per cent by 2022. CERC and SERCs have issued
various regulations including solar RPOs, REC framework, tariff, grid connectivity,
forecasting etc. for promoting solar energy. Many States have come up with up
their own Solar Policy and among all the states, Rajasthan was at forefront to
adopt the supportive policy for solar power adoption.

In view of the ongoing efforts of Central and State Governments and various
agencies for promoting solar energy, Ministry of New and Renewable Energy has
undertaken an exercise to track and analyze the issues in fulfillment of Solar
Power Purchase Obligation and implementation of Solar REC framework in India.
This would help various stakeholders to understand the challenges and

opportunities in the development of solar power. It would also include monitoring

! https://mnre.gov.in/solar-rpo
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of Solar RPO compliance; analyzing key issues related to the regulatory framework

for solar in various states of India.

2.2 Policies Supporting Solar-Powered Irrigation in India

The Government of India has set ambitious targets for expanding the
country’s renewable energy generating capacity, and in 2010 launched the
Jawaharlal Nehru National (JNN) Solar Mission. In 2014, as part of this mission,
the Ministry of New and Renewable Energy (MNRE) outlined the Solar Pumping
Programme for Irrigation and Drinking Water, which sought to promote the
adoption of solar pumps over five years (MNRE, 2014b). Implementation of the
programme involved two financing schemes.

e First, farmers received a central financial assistance (CFA) of 30 per cent of
the benchmark cost of the pump, and possible additional subsidies at the
state level.

e The second, credit-linked scheme, involved 40 per cent capital subsidy from
MNRE, 20 per cent beneficiary contribution, and the remaining amount
extended as a loan implemented through the National Bank for Agriculture
and Rural Development (NABARD) (MNRE, 2014a).

The initial capital subsidy scheme aimed at supporting 100,000 pumps in
2014, and one million by 2020, and the credit-linked scheme through NABARD
targeted an additional 10,000 irrigation pumps by 2016. The number of solar
pumps in India is increasing, with about 130,000 pumps installed since 2014
when the scheme started, though progress is well below the goals of the subsidy
programme (MNRE, 2017a). In March 2017, MNRE closed the NABARD credit-
linked subsidy scheme and set modified capital subsidy rates (MNRE, 2017b). It
remains to be seen whether the capital subsidy programme will prove effective in
encouraging farmers to buy and use solar pumps in the long run. Demand for
sustainable irrigation far exceeds current available pumping capacity, and while
the Indian government has announced various initiatives to boost deployment of
solar irrigation pumps (Figure 2.1), uptake has been slow. The government, to its

credit, is making efforts to encourage farmers to install stand-alone solar-powered
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off-grid pumps to not only meet their irrigation needs but also to provide an extra

source of income from selling surplus power to distribution companies (DISCOMS).

Figure 2.1: Policies Supporting Solar-Powered Irrigation in India

- Ministry of New & Renewable Energy (MNRE) Solar )
Pumping Program for irrigation and drinking water

-Option1: Central Financial Assistance (CFA) of 30 % of the benchmark

cost of the pump.

-Option 2: 40 % capital subsidy from MNRE, 20 % beneficiary contribution,

and the remaining amount extended as a loan implemented through

national Bank for Agricultural and Rural Development (NABARD) /

\
- MNRE closed the NABARD credit- linked subsidy
scheme and set modified capital subsidy rates

-The capital subsidy rates for 2017-2018 are 30 % for pumps under 1 HP. 25
per cent for 1-3 HP, and 20 % for 3-5 HP.
_J

- Kisan Urja Suraksha Evam Utthaan Mahaabhiyan
(KUSUM) Scheme
-Under the Rs 48,000 crore Scheme, 1.75 million solar pumps will be
installed where the grid has not reached and 1 million solar pumps where
the grid is available

Source: Ministry of New and Renewable Energy, GOI.

2.2.1 Kisan Urja Suraksha Evam Utthaan Mahaabhiyan Scheme (KUSUM)
The start of year 2018 saw the announcement of the new solar water pump

scheme Kisan Urja Suraksha Utthaan Mahaabhiyan (KUSUM) aimed at the

betterment of farmers. Under this arrangement, the central government desires to

assist as many farmers as possible to install new and improved solar pumps on

their farms. The farmers need not pay a hefty fee for this benefit as it comes with

government subsidy. The main aim of this scheme is to provide the farmers with

advanced technology to generate power. The solar pumps will not only assist to

irrigate the farmers, but will also allow each farmer to generate safe energy. Due to

the presence of the energy power grid, the agricultural labors can sell the extra

power directly to the government. It attempts to provide them with extra income as
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well. So, this scheme brings double benefits. The features of the scheme are as

follows:

1.

For the betterment of the farmers - The successful operation of this
program will be able to help the farmers not only in meeting their power
related requirements, but will also be able to earn some extra cash by
selling excess energy.

Construction of plants on infertile lands only - The government has also
announced that it will take initiative to construct plants, which will generate
solar power. As per the draft, these plants will only be erected on infertile
areas, capable of generating a total of 28, 250 MW power.

Distribution of solar powered pumps - One of the primary aims of this
program is to provide interested farmers with solar pumps. The government
states that 17.5 lakh solar powered pumps will be provided to agricultural
labors.

Power production on small scale - Apart from the solar power plants,
government will work towards the installation of new solar pumps in farms,
which have diesel pumps. The capacity of these pumps will be 720 MW.
Power generation from tube-wells - The government will also work toward
the installation of unique tube-wells. Each of these pumps will be able to
generate power of 8250 MW

Sale of excess power - Apart from distribution, the scheme also provides all
farmers with the chance to earn more money by installing the solar pumps.
The excess amount of energy that the farmers generate can be sold to the
grid.

Duration of the scheme - Current estimates state that for the successful
completion of this elaborate scheme, the central government will have to
work for at least 10 years.

Subsidy structure of the scheme - As per the draft, each farmer will get
huge subsidy on new and improved solar powered pumps. The agricultural
labors will have to tolerate only 10 per cent of the total expenditure to

acquire an install a solar pump. The central government will provide 60 per
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cent cost while the remaining 30 per cent will be taken care of by bank as
credit.

Good for the overall environment - The increased use of solar power and
electricity generated from the solar plants, will lower the level of pupation in

the area. Dependence on fossil fuel will go down considerably as well.

The components of the scheme are as follows:

1. Solar pump distribution - During the first phase of the program, the power

department, in association with other wings of the government will work
towards the successful distribution of solar powered pumps.

Construction of solar power factory - The next component will include the
construction of solar power plants, which will have the capacity to produce a
significant amount of power.

Setting up tube-wells - The third component of this scheme deals with the
setting up of unique tube-wells, under the watchful eyes of the central
government, which will also a certain amount of power.

Modernization of present pumps - Only production of powers is not the aim
of the scheme. The final component of this program deals with the
modernization of pumps, which are in use, as of now. Old pumps will be

replaced by developed solar pumps.

The scheme was elaborated with additional funding for successful

implementation. As per the announcement of this program, the Finance Minister

and the Power department announced that it will require around Rs. 48, 000

crores. The allocation of funds will be done in four separate segments.

During the initial stage that involves the solar pump distribution, the central
government will dispatch an amount of Rs. 22,000 crores.

During the second phase of this program, Rs. 4, 875 crores will be provided
by the respective department.

The third phase, wherein all ordinary pumps will be converted into solar
powered pumps, the central government will have to tolerate an expense of
Rs. 15, 750 crores.
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e |lastly, for the successful completion of the fourth phase, the central
government will have to spend Rs. 5000 crores.

e The scheme is not only aimed at providing better benefits and added
income for the agricultural labors, but will also lower the level of pollution.
As the solar pumps take over electricity driven or diesel pumps, it will

provide better utilization of resources.

2.3 Policies for Solar Pump Irrigation in Rajasthan

The state of Rajasthan has 10 per cent of India’s land, 5 per cent of its
population and only 1 per cent of its water resources, a disadvantage by a factor of
tHn for supply of irrigation water vis-a-vis agriculture area. Acute water shortage,
erratic rainfall and recurring droughts in every district have exacerbated the
situation. Over 60 per cent of the population depends for livelihood on agriculture
or horticulture, often marred by low productivity due to unreliable, inadequate or
non availability of irrigation. About 70 per cent irrigation is done through wells or
tube-wells energized mainly by grid-power or diesel generators. Approximately
60,000 farmers are waiting for grid-based electricity connections for irrigation.
Extension of electric-grid is not feasible in far-flung areas; almost 70 per cent area
in the State is classified as desert. Moreover, ground water has deteriorated
rapidly in the last two decades. Out of 249 blocks, nearly 200 are in the highly
critical zone. AiImost 90 per cent of groundwater withdrawal in the State is utilized
through flood or furrow-irrigation methods with mere 35 to 45 per cent water-use-
efficiency.

Rajasthan is blessed with one of the best solar insolation on earth (6-7
kWh/m2/day) combined with maximum sunny days in a year, about 325, which
makes it one of the most attractive destinations for harnessing solar energy for
various purposes, especially irrigation. It was thus envisaged that an integrated
solar water pump scheme formulated by combining various stand-alone
government schemes would be indeed beneficial for the region as well as its
farmers. Subsidies available under various programs were clubbed and the State
committed to grant the total subsidy up to 86 per cent of the capital cost. The

departments of agriculture, finance and energy of the State, and Union
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government’s Ministries for Agriculture (MoA) and New and Renewable Energy

(MNRE) worked in tandem along with various stakeholders to make it is seamless

and successful project. The project goals are as follows:

>

YV V V V

Y VY

Enhancing irrigated area in the State

Increasing productivity of the irrigated area

Enabling farmers to diversify to remunerative high-value horticulture crops
Conserving water by utilization of efficient irrigation methods

Narrowing the gap between grid-power demand and supply in the State
Reducing the queue of aspirant farmers for grid connection for irrigation
Harnessing solar-energy resources available in abundance in the State
Replacing the expensive and polluting diesel pump-sets

Providing irrigation facility to farmers living in remote locations where grid is
less likely to be extended in near future

Saving farmers from the drudgery of night or erratic irrigation schedule

Making environment sustainable and reducing the State’s carbon footprint

The solar pump scheme for irrigation began in Rajasthan in 2010 - a

combination of the Jawaharlal Nehru National Solar Mission (JNNSM), Rashtriya

Krishi Vikas Yojana (RKVY), the water harvesting structure (WHS) scheme under

the National Horticulture Mission (NHM), and various other State resources. Under

the scheme, farmers are provided with subsidies from RKVY and the Ministry of

New and Renewable Energy (MNRE). In the inception year, a subsidy figure of 86
per cent was arrived at (30% from MNRE and 56% from RKVY), through

calculations of a base price for the manufacturing and installation of a solar water

pump set. The remaining 14 per cent, equivalent to the cost of just the pump set,
was to be paid by the farmer, which would amount to about Rs. 56000-63000/-.

There are three, very transparent eligibility criteria for the subsidy;

(a) the farmer should own at least 0.5 Ha of land;
(b) the land should have a diggi/farm pond or other water storage structure;

(c) drip irrigation system should be installed in a portion of the farm.
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Progressively, the scheme was amended to include the usage of mini-
sprinklers as criteria for areas where land holdings are relatively smaller and diggi
construction is unfeasible or impractical. This inclusion widened the scope for the
popularization of efficient irrigation methods, increasing the water use efficiency in
many regions significantly. On the other hand, 3 the subsidy figure was reduced
from 86 per cent to 70 per cent to an even lower 60 per cent over the years, and
this reduction in the subsidy amount is presently the major cause for farmers
backing out from the scheme. Farmers who already have electric connections for
irrigation shall be provided with a smaller figure of subsidy, amounting to about 30
per cent of the total cost of the solar pump set. This calls for a study of the efficacy
of the scheme and a detailed evaluation of the impact that these solar water
pumps have actually had on farmers already using them, to enable us to ascertain
why we should be moving towards this green, efficient, cheap, and emission-free
energy source, and/or explaining how the scheme may be further improved for a
much wider acceptance and preference among those that require such alternative
solutions desperately.

In the year 2008-09, Government of Rajasthan had started scheme of 100
per cent subsidy on solar water pump for government farm then after in 2010-11,
pilot project was started and covered only 6 districts to installed solar water pump.
In 2010-11, 50 farmers were targeted, which was scaled up to 500 in 2011-12,
and 10,000 in 2012-13, eventually covering all 33 districts of the State. To
harness the vast amount of energy, the Rajasthan government subsidized 86
percent solar-powered irrigation in 2011-12 and introduced 3 HP DC submersible
pumps. MNRE and the Ministry of Agriculture through the financial assistance of
the state government had supported. Jawaharlal Nehru National Solar Mission
(JNNSM) provides 30 percent of the state government, Rashtriya Krishi Vikas
Yojana (RKVY) and the Ministry of New and Renewable Energy offers a 56 per cent
subsidy. The solar water pump scheme was scaled up from a mere target of 50 in
2010-11 to 500 (900 per cent increase) in 2011-12; to 2,200 (over 340 per cent
increase) for 2012-13; and, to 10,000 (354 per cent increase) for 2013-14.
Implementation at large scale was initiated in year 2011-12 when out of 33

districts, 14 districts were covered. Next year i.e. 2012-13 the scheme covered all
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the 33 districts in the State. In the year 2014-15, all 33 districts were also
included, but this time only 2900 solar water pump was kept in the target as the
subsidy rate had been reduced, but still achieved a lot of achievement and 242
percent more solar pumps installed than targeted. The good achievement in the
next year 2015-16 and 31 percent more installed than the targeted solar pump.
After year 2013-14, Rajasthan has also begun targeting high ROl beneficiaries by
prioritizing farmers without electric connections. The now state has three subsidy
slabs, as follows:

(@) 75 per cent for those willing to give up their place in the queue for

electric connections,
(b) 60 per cent for farmers without an electric connection, and
(c) only the 30 per cent MNRE subsidy for those unwilling to give up

their electric connection/place in the queue.

The district wise solar irrigation pumps installed in Rajasthan during 2011-
12 to 2015-16 are given in Table 2.1 and Fig. 2.2 and year-wise target,
achievement of solar irrigation pump, etc., are depicted in Table 2.2. The top five
districts having highest coverage of solar pumps are Bikaner, Jaipur, Sri

Ganganagar, Hanumangarh and Sikar.

Fig. 2.2: Districtwise Solar Water Pump Installed in Rajasthan
(2011-12 to 2015-16)
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Table 2.1: Year Wise Solar Water Pump Installed in Rajasthan

Sr. District Solar water Pump Installed in Rajasthan
No. 2011-12 | 2013-12 | 2013-14 | 2014-15 | 2015-16 Total
1 | Ajmer 0 90 251 211 228 780
2 | Alwar 14 188 246 53 115 616
3 | Banswara 0 44 76 44 38 202
4 | Baran 0 21 62 14 4 101
5 | Barmer 0 42 99 193 338 672
6 | Bharatpur 0 11 61 8 13 93
7 | Bhilwara 34 241 516 212 134 1137
8 | Bikaner 381 556 1360 1314 732 4343
9 | Bundi 0 34 63 54 51 202
10 | Chittorgarh 24 118 289 232 129 792
11 | Churu 31 100 243 371 745
12 | Dausa 0 83 114 37 27 261
13 | Dholpur 0 21 33 17 2 73
14 | Dungarpur 0 14 67 35 27 143
15 | Hanumangarh 260 247 792 678 347 2324
16 | Jaipur 80 439 1489 894 798 3700
17 | Jaisalmer 31 109 334 485 144 1103
18 | Jalore 0 51 149 233 470 903
19 | Jhalawad 0 161 96 3 14 274
20 | Jhujhunu 27 139 310 366 277 1119
21 | Jodhpur 51 118 201 190 148 708
22 | Karoli 0 37 26 4 3 70
23 | Kota 20 54 90 18 24 206
24 | Nagour 34 35 95 60 31 255
25 | Pali 0 61 194 157 71 483
26 | Pratapgarh 0 41 224 64 72 401
27 | Rajsamand 0 91 259 94 53 497
28 | Sikar 44 272 1028 264 73 1681
29 | Sirohi 0 27 95 122 92 336
30 | Sri Ganganagar 612 658 1032 911 480 3693
31 | SwaiMadhopur 37 97 19 31 281 465
32 | Tonk 0 102 122 195 444 863
33 | Udaipur 0 47 108 112 139 406
Grand Total 1649 4280 10000 7548 6170 29647

Source: Office of the Department of Horticulture, GOR, Jaipur.
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Table 2.2: Year wise target and Achievements of Solar irrigation pump in Rajasthan

No. of o Pump Subsid .
Year Project District | Target A(;Eleen\;e Capacity 0 y FSuOnudrlcneg
Covered (WP) (%)

2008-09 | Government 7 14 14 1800 100 RKVY
Farms

2010-11 | Pilot Project 6 50 34 | 2200/3000| 86 Jﬁﬁiy'

2011-12 | First major 14 500 | 1649 |2200/3000| 86 INNSM,

jump RKVY

Second major INNSM,

2012-13 | ° J 33 2200 | 4280 |2200/3000| 86 RKVY
jump

State

Third major INNSM,

2013-14 | . ) 33 | 10000 | 10000 |2200/3000| 86 RKVY,
jump

State

, JNNSM

30, 60, ,

2014-15 fﬁﬂ“‘mmor 33 | 2000 | 9919 | 2200/ 3000 NCEF,

jump 75 STATE

. . JNNSM

30,60, ,

2015-16 Egrr”mor 33 4702 | 6170 | 2200/ 3000 NCEF,

jump 75 STATE

o JNNSM,

2016-17 %ﬁf"”or 33 | 7500 | na. n.a. 30,60, | “\cEF.

jump 75 STATE

2017-18 | major jump 33 500 n.a. n.a. NCEF,

65,70 | oSTATE

2018-19 | major jump 33 7500 n.a. n.a. NCEF,

65,70 | oSTATE

Note: n.a. Not Available

Source: Goyal (2013) and GOR.

The main motivation of the policy makers for promoting Solar Water

Pumping Program, in water constrained and solar abundant Rajasthan, is to

increase water and energy access of farmers to improve agricultural output and

income of farmers. Figure 2.3 explains underlying theory of change associated

with the adoption of solar water pumps.
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Fig. 2.3: Theory of Change of Solar Water Pump Subsidy Program in Rajasthan

Government launches solar water pump subsidy program

A4
Farmers adopt solar pump conditional on the eligibility criteria

A4
Farmers use solar pump

V
Fater access increases, Electricity consumption falls:  Reduces expensive
possible over exploitation it substitutes irregular diesel consumption
due to zero marginal cost of  electricity supply during day
water extraction by solar time
pump
cost of production falls as
solar is free; carbon
emissions associated with
use of diesel pumps falls
With better control over Cost of production
water crop yield improves, falls as solar is free
gross cropped area carbon emissions
expands, cropping intensity associated with
increases, gross cropped electricity
area under fruits and productions falls

vegetables expand

Farmers profits increases:
subsidy burden farmers
profits increases ; reduces
subsidy burden related to
electricity and diesel:
improves health of electricity
utilities by reducing
consumption of subsidized
electricity

Source: Gupta, 2017.
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2.3.1 Solar Power Pump Subsidy

Tables 2.3 to 2.6 provide an indication of the cost for different solar pump
alternatives in Rajasthan during 2011-12 to 2013-14. Despite water scarcity,
Rajasthan is actively pushing for solar pumps. Its horticulture department provides
86 per cent subsidy on pumps, while the rest is borne by the farmer. Government
of Rajasthan brought a new momentum in the space of solar irrigation pumps by
introducing 3 HP DC submersible pumps in an 86 percent subsidy scheme
launched in 2011-12. There was also a 2 HP DC submersible pump option, but
there have been few takers for it. The initial estimates of costs at the Rajasthan
level 3 were Rs.6.16 lakh for 3 HP pump and almost Rs.18-20 lakh for a 10 HP
pump. Government of Rajasthan’s aggressive policy of subsidizing solar pumps is
helping to increase the numbers but there is some evidence that the current
subsidy is discouraging cost reduction. Farmers are viewing solar pumps as an all

purpose solution to their energy needs.

Table 2.3: Rate for SPV Solar Pump Project in Rajasthan (2011-12 to 2013-14)

Type of Mounting Head 2011-12 (Rs./set) 2012-13(Rs./set) 2013-14 (Rs. Per set)
pump Structure (meter DC Pump AC Pump
) 2200Wp | 3000Wp | 2200Wp | 3000Wp | 2200Wp | 3000Wp | 2200Wp | 3000Wp
SPV Static 20 3,28,000 |4,25,700 (3,25,788 |4,00,000 (3,21,790 |4,10,000
izrrrf]ice Manual 20 3,76,500 | 5,37,000 (3,36,000 |4,48,800 (3,29,838 |4,04,050 (3,25,840 |4,14,050
Auto 20 4,14,500 | 5,70,000 (3,86,500 |4,62,000 (3,43,288 |4,17,500 (3,39,290 |4,27,500

Tracker
SPV Sub- | Static 20 3,60,000 |4,29,000 (3,55,000 |4,68,000 (3,54,910 |4,25,000
pmuenr]sr;ble 50 3,61,100 |4,38,900 (3,61,500 |4,74,500 (3,61,410 |4,31,500
75 3,63,300 |4,48,800 (3,66,000 |4,79,000 (3,65,910 |4,36,000
Manual 20 3,89,900 | 5,60,300 |(3,74,300 |4,48,800 (3,59,050 |4,72,050 (3,58,960 |4,29,050
50 3,95,800 | 5,62,300 (3,80,000 |4,65,300 |(3,65,550 |4,78,550 |3,65,460 |4,35,550
75 3,95,100 |4,75,200 (3,70,050 |4,83,050 (3,69,960 |4,40,050
Auto 20 4,18,000 | 5,70,000 (3,99,300 |4,68,600 (3,72,500 |4,85,500 (3,72,410 |4,42,500
Tracker 50 4,18,000 | 5,70,000 (4,05,000 |4,81,800 (3,79,000 |4,92,000 (3,78,910 |4,49,000
75 4,11,300 |4,85,100 (3,83,500 |4,96,500 (3,83,410 |4,53,500
SPV Domestic Lighting System 37 Wp/40Ah Battery/9Wx2 Fixture 8,090 8,000

Source: GOR, Jaipur.
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Table 2.4: Base Rate, Subsidy rate & Farmer Share on Solar Water Pump in Rajasthan 2016-17

DC/AC | Head | Base Rate (in Subsidy (in Rs. Per set) Farmer Share (in
S.N.| Details Mounting |(Meter) Rs. Rs. Per set)
Structure Per set)
3Hp | 5Hp |MNRE| SP | 3Hp |MNRE| SP | 5Hp | 3Hp | 5Hp
1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 |Farmer Category having agriculture electric connection (As per the guideline of 2015-16)
1 DC Manual| 20 |339950(527050|121500 0 121500 |202500 0 202500(218450| 324550
SPL\I/msuvr\Ei?l:e DC Auto 20 |353400|540500|121500 0 121500|202500 0 202500231900 | 338000
2 pFean:ing Tracker
3 AC Manual| 20 |[351050|538050| 97200 0 97200 |162000 0 162000 | 253850 | 376050
AC Auto 20 |[364500 (551500 97200 0 97200 | 162000 0 162000|267300| 389500
4 Tracker
5 20 |386050(|527050|121500 0 121500|202500 0 202500| 264550 | 324550
6 SPV DC Manual| 50 392550533550 (121500 0 121500 |202500 0 202500(271050|331050
1 Submersible
7 pump with 75 [397050(538050(121500 0 121500 |202500 0 202500|275550| 335550
g | Fencing | beauto | 20 |399500(540500(121500| 0  [121500|202500| 0  |202500|278000 338000
] Tracker
9 50 (406000 (547000(121500 0 121500 |202500 0 202500 (284500 | 344500
10 75 1410500|551500(121500 0 121500|202500 0 202500289000 | 349000
11 20 |[354050 (502050 97200 0 97200 | 162000 0 162000 | 256850 | 340050
12 SPV AC Manual| 50 |360550|508550| 97200 0 97200 |162000 0 162000 | 263350 | 346550
—1 Submersible
13 pump with 75 |365050(513050| 97200 0 97200 |162000 0 162000|267850 351050
14| Fencing 1 acauto | 20 [367500(515500( 97200 | 0 | 97200 [162000] 0 |162000|270300|353500
o Tracker
15 50 |374000(522000| 97200 0 97200 |162000 0 162000|276800 | 360000
16 75 |378500 (526500 | 97200 0 97200 | 162000 0 162000|281300| 364500
17 DC Manual| 20 |347949|535049|121500 0 121500|202500 0 202500|226449 | 332549
SPV Surf_ace DC Auto 20 (361399 (548499(121500 0 121500 |202500 0 202500(239899 | 345999
18 | Pump with Tracker
DLS &
19 fencing AC Manual| 20 |[359049 546049 97200 0 97200 | 162000 0 162000|261849| 384049
AC Auto 20 372499559499 | 97200 0 97200 |162000 0 162000|275299 [ 397499
20 Tracker
21 20 [394049|535049|121500 0 121500|202500 0 202500|272549 332549
22 SPV DC Manual| 50 |400549|541549 121500 0 121500 |202500 0 202500(279049| 339049
—1 Submersible
23 pump with 75 1405049546049 (121500 0 121500|202500 0 202500|283549 (343549
24 DLS_ & DC Auto 20 (407499 (548499 (121500 0 121500 |202500 0 202500(285999 | 345999
—— fencing Tracker
25 50 [413999|554999|121500 0 121500|202500 0 202500292499 | 352499
26 75 1418499559499 (121500 0 121500|202500 0 202500296999 | 356999
27 20 |[362049(510049| 97200 0 97200 | 162000 0 162000 (264849 |348049
28 SPV AC Manual| 50 |368549|516549| 97200 0 97200 |162000 0 162000|271349 | 354549
—— Submersible
29 pump with 75 |373049(521049| 97200 0 97200 | 162000 0 162000 (275849 | 359049
30 DLS_ & AC Auto 20 |375499|523499| 97200 0 97200 |162000 0 162000|278299 (361499
—— fencing Tracker
31 50 (381999529999 97200 0 97200 | 162000 0 162000|284799|367999
32 75 |386499 (534499 | 97200 0 97200 | 162000 0 162000|289299 | 372499
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Policies Supporting Solar-Powered Irrigation in Rajasthan

DC/ AC| Base Rate (in Rs. S armer Share (in
S.N| Details Mounting r::tz?) Per set) Subsidy (in Rs. Per set ) Rs. Per set)
. Structure 3 Hp 5Hp |MNRE | SP 3Hp MNRE SP 5 Hp 3 Hp 5 Hp
1 2 3 4 5 6 7 3 9 10 i1 12 13 14
2 Farmer Category not having agriculture electric connection (As per the guideline of 2015-16)
1 DC Manual |20 [339950 [527050 [121500 |101985 |223485 [202500 [158115 [360615 [116465 166435
» BPV Surface DTCraACE(tfr 20  [353400 (540500 (121500 [106020 [227520 [202500 [162150 [364650 [125880 (175850
3 Pgemnii"r‘]’gh AC Manual |20 351050 538050 |97200 [105315 [202515 [162000 |161415 323415 148535 P14635
4 Acﬁ:tcoker 20  [364500 [551500 {97200 [109350 [206550 [162000 [165450 [327450 [157950 24050
5 20  [386050 [527050 [121500 [115815 |237315 [202500 [158115 |[360615 [148735 [166435
6 SPV DC Manual 50  |392550 [533550 [121500 [117765 [239265 [202500 [160065 |362565 [153285 [170985
7 pubmersibl e 75  [397050 [538050 [121500 119115 |240615 [202500 [161415 [363915 [156435 [174135
g | pump with 20  [399500 [540500 [121500 |119850 |241350 [202500 [162150 [364650 [158150 [175850
9 | Fencing  IDC Auto 55 [406000 [547000 |121500 [121800 [243300 [202500 |164100 [366600 162700 180400
10 Tracker 551110500 [551500 121500 [123150 244650 202500 [165450 [367950 165850 [183550
11 20  [354050 502050 |97200 |106215 |203415 [162000 [150615 [312615 [150635 [189435
12| gpy AC Manual| 50 |360550 |[508550 |97200 108165 [205365 [162000 [152565 |314565 [155185 [193985
13 ubmersible 75  [365050 513050 [97200 |109515 |206715 [162000 [153915 [315915 [158335 [197135
14 pump with |5 - put 20 [367500 [515500 |97200 [110250 |207450 [162000 [154650 [316650 [160050 [198850
15| Fencing TraCEeOr 50  [374000 [522000 |97200 [112200 |209400 |162000 [156600 [318600 [164600 P03400
16 75  [378500 [526500 |97200 [113550 |210750 |162000 [157950 [319950 167750 P06550
17 DC Manual | 20 [347949 [535049 [121500 |104385 |225885 [202500 [160515 [363015 [122064 [172034
1gPhV Surface DTC AE“’ 20 [361399 548499 [121500 [108420 [229920 [202500 [164550 [367050 [131479 181449
pump with racker
19| DLS& |ACManual |20 359049 [546049 [97200 [107715 [204915 [162000 [163815 |325815 [154134 P20234
20 fencing AT(r:aACEg’r 20 [372499 [559499 (97200 [111750 [208950 [162000 [167850 [329850 1163549 29649
21 20  [394049 [535049 [121500 118215 |239715 [202500 [160515 [363015 [154334 [172034
22| spv DC Manual50  |400549 [541549 [121500 [120165 [241665 [202500 [162465 |364965 [158884 [176584
23 [Bubmersible 75  |405049 [546049 [121500 121515 |243015 [202500 [163815 [366315 [162034 [179734
24| pump with 20  |407499 [548499 [121500 [122250 |243750 [202500 [164550 [367050 [163749 [181449
25| DLS&  [DCAuto 547 1313999 [554999 121500 |124200 |245700 202500 |166500 |369000 [168299 [185999
26| fencing | Tracker oo™ 118/99 (550499 [121500 125550 [247050 [202500 [167850 |370350 171449 [189149
27 20 [362049 510049 [97200 |108615 |205815 [162000 [153015 [315015 [156234 [195034
28| SPV AC Manual| 50 |368549 [516549 |97200 [110565 [207765 [162000 [154965 |316965 [160784 [199584
29 Bubmersible 75  [373049 [521049 [97200 [111915 |209115 |162000 [156315 [318315 [163934 P02734
30| Pump with 20  [375499 [523499 (97200 [112650 |209850 [162000 [157050 [319050 [165649 P04449
31| DLS & ACAU0 55 381999 529999 |97200 [114600 211800 [162000 [159000 [321000 170199 08999
32| fencing | Tracker 551356199 534499 [97200 [115950 |213150 [162000 [160350 |322350 173349 p12149
3 Farmer Category applied for agriculture electric connection and wants to surrender their application in lieu of solar
pumps subsidy (As per the guideline of 2015-16)
1 DC Manual |20 [339950 [527050 [121500 152978 |274478 [202500 [237173 |439673 |65472 |87377
, SPV Surface DTCr:a/éEf; 20  [353400 [540500 (121500 [159030 [280530 [202500 [243225 |445725 |72870 |94775
3 pgemnii"r‘:gh AC Manual |20 351050 |538050 |97200 [157973 [255173 [162000 [242123 404123 |95877 [133927
4 ATfa’gEg’r 20  [364500 [551500 [97200 (164025 |261225 [162000 [248175 |410175 1103275 (141325
5 20 [386050 [527050 [121500 [173723 |295223 [202500 [237173 439673 |90827 |87377
6 =y DC Manual 50  |392550 [533550 |121500 [176648 [298148 [202500 240098 [442598 |94402 |90952
7 Submersible 75  [397050 [538050 [121500 [178673 |300173 [202500 [242123 |444623 |96877 |93427
8 Tpumpwith | e ag |20 (299500 (540500 1121500 179775 [301275 202500 (243225 |445725 |98225 |94775
9 | Fencing Tracter 50  |406000 [547000 [121500 [182700 |304200 [202500 [246150 448650 101800 |98350
10 75  |410500 [551500 [121500 184725 |306225 [202500 [248175 450675 [104275 [100825
11 20  [354050 [502050 |97200 [159323 [256523 [162000 [225923 [387923 |97527 [114127
12| opy AC Manual| 50 |360550 |[508550 |97200 [162248 [259448 [162000 [228848 [390848 [101102 117702
13}5 bmersible 75  [365050 513050 |97200 |164273 |261473 |162000 [230873 [392873 1103577 [120177
W pumpwith [ aug |20 |367500 516500 [97200 [165375 [262575 [162000 231975 [393975 104925 121525
15| Fencing TracEer 50  [374000 [522000 |97200 |168300 |265500 |162000 [234900 [396900 [108500 [125100
16 75  [378500 [526500 [97200 |170325 |267525 [162000 [236925 [398925 [110975 [127575
17 DC Manual |20 [347949 [535049 [121500 [156577 |278077 [202500 [240772 443272 |69872 |91777
18 SPV Surface DCAUO 5 1361399 [548499 [121500 [162630 [284130 [202500 46825 449325 |77269 |99174
pump with Tracker
19| DLS& |ACManual |20  |359049 [546049 |97200 [161572 |[258772 [162000 [245722 |407722 100277 138327
20 fencing AT(r:aACEé? 20  [372499 [559499 (97200 (167625 [264825 [162000 [251775 |413775 [107674 (145724
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Table 2.4 continues.

DC/ AC Base Rate (in S armer Share (in
S.N. Details | Mounting Heag Rs. Subsidy (in Rs. Per set ) Rs. Per set)
(metg
Structure b Per set)
3Hp | 5Hp | MNRE| SP 3Hp | MNRE| SP 5Hp | 3Hp | 5Hp
1 2 3 4 5 6 7 8 9 10 11 12 13 14
21 20 394049 [535049 [121500 [177322 [298822 202500 [240772 443272 [95227 [01777
SPV. | DC Manual
22 | Submersib 50 |400549 [541549 [121500 [180247 [301747 202500 [243697 [446197 [98802 [05352
le pump
23 \évith DLS 75 405049 [546049 [121500 [182272 [303772 [202500 [245722 [448222 [101277 [97827
24 | fencing DG Aut 20 407499 548499 [121500 [183375 [304875 [202500 [246825 449325 (102624 [99174
uto
25 Tracker 50 (413999 [554999 (121500 [186300 [307800 [202500 [249750 452250 [106199 (102749
26 75 418499 [559499 [121500 [188325 [309825 [202500 [251775 454275 (108674 [105224
27 20 [362049 [510049 (97200 [162922 [260122 (162000 [229522 [391522 [101927 [118527
SPV. | AC Manual
28 | Submersib 50 [368549 [516549 (97200 [165847 [263047 [162000 [232447 [394447 (105502 (122102
le pump
29 \évith DLS 75 373049 [521049 (97200 [167872 [265072 (162000 [234472 [396472 [107977 [124577
30 | fencing AC Aut 20 [375499 [523499 (97200 [168975 [266175 (162000 [235575 [397575 (109324 [125924
uto
31 Tracker 50 [381999 [529999 [97200 |[171900 [269100 [162000 [238500 [400500 (112899 [129499
32 75 386499 [534499 (97200 [173925 [271125 (162000 [240525 [402525 (115374 [131974
Notes :

Basis of MNRE subsidy calculation is Rs. 32400/- per HP for AC pumps and Rs. 40500/- for DC pumps.

In addition to above State Plan subsidy is 30% of Base rate for farmers not having agriculture electric
connection & 45% for farmers who have applied for agriculture electric connection and wants to
surrender their application in lieu of solar pumps subsidy.
As per MNRE guidelines subsidy will be allowed only on manual & auto tracking enabled SPV pumps
along with remote monitoring mechanism (RMM).
The subsidy would be payable on the supply of the solar pumping system by the empanelled
firm only. In case of any complaints regarding sub standard/ defective supplies, Directorate of
Horticulture must be informed with full details of the case so that necessary action can be
taken against the defaulter.
Source: GOR, Jaipur.

Table 2.5: Base Rate for SPV Solar Pump Project in Rajasthan 2017-18 and 2018-19

DC/ AC Head Base Rate (in Rs. Per set)
Sr. Details Mounting (mtr.) 3 Hp 5 Hp 7.5 Hp 10 Hp
No. Structure
1 2 3 4 5 6 7 8
1 | SPV Surface pump |DC Static 20 236250 0 0 0
2 IAC Static 20 230492 307999 0 0
3 SPV submersible |DC Static 20 252266 344000 509839 650090
4 pump IAC Static 20 230265 306390 465560 593250
5 50 5412 5412 5412 5412
6 Head Over 75 9020 9020 9020 9020
7 Additional Cost 20m 100 12000 12000 12000 12000
7 Manual 2706 2706 2706 2706
Tracker
8 Auto Tracker 8118 8118 8118 8118
9 SPV Domestic Lighting System 4681 4681 4681 4681
37 Wp/ 40 Ah Battery / 9 W x 2 fixture
10 Fencing 6765 9020 11275 13530

Source: GOR, Jaipur.
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Table 2.6: Base Rate, Subsidy rate and Farmer Share on Solar Water Pump in Rajasthan 2018-19

DC/ AC Head Base Rate (in Rs. Per set ) Subsidy Amount (in Rs. Per set )
ISN[Details Mounting (mtr.)
Structure 3 Hp| 5 Hp) 7.5 Hp| 10 Ho|MNRE[  SP| 3 Hp|[MNRE[ SP| 5 Hp|
12 3 4 5 6 7 8 o 10| 11 12 13 14
(9+10) 12+13)
Subsidy - 3 & 5 HP 60%
1 DC Manual 20| 245721 0| 0| 0|61430| 86002] 47432 0| 0 0|
o [°PV Surface |5EAGrs 20| 251133 0| 0| 0/62783|87897]50680 0| 0 0|
pump with ITracker
3 [encing AC Manual 20| 239963p19725 0| 0|59991] 83987]43978|63945| 27890191835
4] AC Auto 20| 245375B25137 0| 0|61344] 85881|47225|65027/30055/195082
Tracker
5 20| 261737B55726| 523820p566326|65434| 91608 57042[7114542290[213435
E oC Manual 50| 26714961138 529232571738|66787| 93502160289|72228| 44455|216683
7 Ispv 75| 270757B64746) 532840B75346|67689| 94765|62454|72949]45898|218847
8 [Submersible 100[ 273737p67726 535820/ 78326|68434] 95808|64242|7354547090/220635|
Tﬁgr:l‘i’n“g"th 20| 26714961138 529232571738|66787| 93502160289|72228| 44455|216683
2 0C Auto 50| 272561B66550) 534644577150/68140| 95396|63536|73310[ 46620219930
11 Tracker 75| 276169870158 538252580758|69042| 96659]65701|74032148063]222095
12| 100| 27914973138 541232p83738|69787|9770267489|74628/49255|223883
13 20| 23973618116 479541509486(59934] 83908] 43842[63623]27246(190869
E AC Manual 50| 24514823528 484953514898[61287|85802[47089[64706[ 29411194117
15[5py 75| 24875627136 488561p18506|62189| 87065 49254]65427] 30854196281
16[Submersible 100[ 251736p30116| 491541521486|62934] 88108 51042|66023|32046{198069
ﬁﬁg;‘l‘i’n“g"th 20| 24514823528 484953p514898(61287|85802[47089[64706[ 29411194117
E AC Auto 50| 250560p28940) 490365p20310[62640| 87696/50336|65788|31576(197364]
19 Tracker 75| 254168B32548) 493973p23918(63542] 88959 5250166510[33019(199529
20| 100| 25714835528 496953p526898[64287| 90002 54289[67106 34211201317
21 DC Manual 20| 250402 0| 0| 0/62601]87641]50242 0| 0 0|
oopPV Surface  [5EAGrs 20| 255814 0 0 0{63954|89535|53489] 0 0 0
pUMP With 1o cper
ﬁfDe';]sC ii‘ P AC Manual 20| 24464424406 0| 0|61161] 85625|46786|64881|29762[194643
24 AC Auto 20| 25005629818 0| 0|62514] 87520] 5003465964 31927[197891]
ITracker
25 20| 266418B60407 528501671007|66605| 93246]59851|72081|44163[216244
§ e Manual 50| 271830B65819 533913576419|67958| 95141]63099|73164] 46328219492
27|spy 75| 275438869427 537521580027|68860| 96403|65263|73885|47771|221656
[28[Submersible 100| 278418B72407| 540501583007|69605| 97446|67051|74481|48963[223444
EpD‘I’_;“g‘W'th 20| 271830B65819 533913576419|67958 95141]63099|73164]46328|219492
E fencing C Auto 50[ 277242B71231 539325p681831|69311] 97035|66346|74246|48492(222738
31 Tracker 75| 280850B74839 542933685439(70213| 98298]68511|74968]49936|224904
32| 100 283830B77819 545913688419|70958| 9934 1] 70299|75564]51128|226692
33 20| 244417B22797 484222514167|61104] 85546|46650[64559[29119(193678)
g AC Manual 50| 249829828209 489634519579|62457|87440[49897(65642[ 31284196926
35|spy 75| 253437p31817 493242p523187|63359| 88703 52062[66363]32727[199090)
[36[Submersible 100| 256417B34797| 496222526167|64104] 89746/ 53850[66959[ 33919200878
ﬁg‘fgzw'th 20| 249829828200 489634510579|62457| 87440[49897|65642| 31284196926
f fencing AC Auto 50[ 255241B33621 495046524991(63810| 89334 53144]66724 33448200172
39 Tracker 75| 258849837229 498654528599(64712[ 90597 55309|67446| 34892202338
40| 100| 261829B40209 501634p531579|65457| 91640]57097|68042|36084|204126

Source: GOR, Jaipur.
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Table 2.6 coninues...

DC/ AC Head Farmer Share (in Rs. Per set )
SN [Details Mounting  |(mtr.) 3 Hp 5Hp | 3/5Hp |3/75Hp|3/10Hp |5/ 7.5 Hp|5/ 10 Hp
Structure
1 2 3 4 15 16 17 18 19 20 21
(6-11) (7-11) (8-11) (7-14) (8-14)
Subsidy - 3 & 5 HP 60%
1 DC Manual [20 98289 0 0 0 0 0 0
2 [SPV Surface |DCAuto |20 100453 0 0 0 0 0 0
pump with [Tracker
3 |[Fencing AC Manual [20 05985 | 127890 | 175747 0 0 0 0
4| ACAuto |20 98150 | 130055 | 177912 0 0 0 0
[Tracker
[6 20 104695 | 142291 | 198684 | 366778 | 509284 | 310385 | 452891
6 | [5o 106860 | 144455 | 200849 | 368943 | 511449 | 312549 | 455055
7] DC Manual [75 108303 | 145899 | 202292 | 370386 | 512892 | 313993 | 456499
8 prv 100 109495 | 147091 | 203484 | 371578 | 514084 | 315185 | 457691
g pubmersible 20 106860 | 144455 | 200849 | 368943 | 511449 | 312549 | 455055
10 [PUMP with 50 109025 | 146620 | 203014 | 371108 | 513614 | 314714 | 457220
11 eneing DCAuto  [75 110468 | 148063 | 204457 | 372551 | 515057 | 316157 | 458663
12 | Tracker 100 111660 | 149255 | 205649 | 373743 | 516249 | 317349 | 459855
13 20 05894 | 127247 | 174274 | 335699 | 465644 | 288672 | 418617
14 | 50 08059 | 129411 | 176439 | 337864 | 467809 | 290836 | 420781
15 | AC Manual |75 99502 | 130855 | 177882 | 339307 | 469252 | 292280 | 422225
16 PPV 100 100694 | 132047 | 179074 | 340499 | 470444 | 293472 | 423417
17 [Pubmersible 20 98059 | 129411 | 176439 | 337864 | 467809 | 290836 | 420781
1g [Pump with [0 100224 | 131576 | 178604 | 340029 | 469974 | 293001 | 422946
g | encing AC Auto  [75 101667 | 133019 | 180047 | 341472 | 471417 | 294444 | 424389
20 | [Tracker 100 102859 | 134211 | 181239 | 342664 | 472609 | 295636 | 425581
21 DC Manual [20 100160 0 0 0 0 0 0
22 [SPV Surface |DC Auto |20 102325 0 0 0 0 0 0
pump with  [Tracker
23 |DLS & IAC Manual [20 97858 | 129763 | 177620 0 0 0 0
27 [fencing ACAuto |20 100022 | 131927 | 179784 0 0 0 0
[Tracker
25 20 106567 | 144163 | 200556 | 368650 | 511156 | 312257 | 454763
26 | [5o 108731 | 146327 | 202720 | 370814 | 513320 | 314421 | 456927
27| DC Manual [75 110175 | 147771 | 204164 | 372258 | 514764 | 315865 | 458371
o8 SPV 100 111367 | 148963 | 205356 | 373450 | 515956 | 317057 | 459563
Dg pPubmersible 20 108731 | 146327 | 202720 | 370814 | 513320 | 314421 | 456927
30| B‘ig‘zw'th 50 110896 | 148493 | 204885 | 372979 | 515485 | 316587 | 459093
BT |rencing DC Auto 75 112339 | 149935 | 206328 | 374422 | 516928 | 318029 | 460535
32 Tracker 100 113531 | 151127 | 207520 | 375614 | 518120 | 319221 | 461727
33 20 97767 | 129119 | 176147 | 337572 | 467517 | 290544 | 420489
34| [50 99932 | 131283 | 178312 | 339737 | 469682 | 292708 | 422653
35 | AC Manual |75 101375 | 132727 | 179755 | 341180 | 471125 | 294152 | 424097
36 PPV 100 102567 | 133919 | 180947 | 342372 | 472317 | 295344 | 425289
37 [Pubmersible 20 99932 | 131283 | 178312 | 339737 | 469682 | 292708 | 422653
38 B‘ig‘gw'th [0 102097 | 133449 | 180477 | 341902 | 471847 | 294874 | 424819
39 |t oncing AC Auto  [75 103540 | 134891 | 181920 | 343345 | 473290 | 296316 | 426261
40 Tracker 100 104732 | 136083 | 183112 | 344537 | 474482 | 297508 | 427453

Source: GOR, Jaipur.
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Policies Supporting Solar-Powered Irrigation in Rajasthan

DC/ AC Head Base Rate (in Rs. Per set) Subsidy Amount (in Rs. Per set)
SN Details Mounting (mtr) [ 3Hp | 5Hp |[7.5Hp [10 Hp [MNRE| SP 3 Hp [MNRE| SP 5 Hp
Structure
1 2 3 4 5 6 7 8 9 10 11 | 12 13 14
(9+10) (12+13)
2 Subsidy - 3 & 5 HP 75%
1 DC Manual | 20 PR45721| O 0 0 [61430[122861[184291| © 0 0
2| SPVSurface DC Auto 20 p51133| © 0 0 [62783[125567[188350| O 0 0
pump with Tracker
3| Fencing AC Manual | 20 P39963B19725| O 0 |59991 119982} 79973]63945 [L75849|239794
4 | AC Auto 20 P45375B25137| 0 0 [61344 [122688[184032(65027 [L78825|243852
Tracker
5 20 P61737B55726623820666326(65434 [L30869[196303|71145 [L95649|266794
6 | 50 P67149B61138629232p71738(66787 [L33575R00362|72228 198626270854
7] DCManual 75 570757 3647463284075346|67689 [135379p03068(72949 P00610[273559
8 | ubmerss:z)\lle oump 100 p73737B6772653582078326(68434 [136869p05303(73545 P02249(275794
| 9 | with Fencing 20 P67149B6113862923271738(66787 [L33575R00362|72228 198626270854
10 50 P72561B66550634644677150/68140 [136281p04421[73310 P01603|274913
E ?gé;;‘r’ 75 P76169B70158538252580758/|69042 [138085p07127(74032 P03587|277619
12 100 P79149B73138541232683738(|69787 [139575p09362(74628 P05226(279854
13 20 P39736B318116/479541509486|59934 [119868[179802(63623 [L74964|238587
14| 50 P45148323528/48495314898(61287 [L22574[183861|64706 [L77940|242646
15 | ACManual 75 b487565327136/188561 61850662189 [1243781186567[65427 [L79925[245352
ESubmeZ;Ye oump 100 P51736B301160191541621486(62934 [125868[L88802(66023 [L81564|247587
17 | with Fencing 20 P45148[323528/48495314898(61287 [L22574[183861|64706 [L77940|242646
18 50 P50560B328940190365520310(62640 [125280[L87920(65788 [L80917|246705
E #?aﬁﬁé? 75 P54168332548[49397323918(63542 [L27084[190626|66510 [182901|249411
20 100 P57148B335528/196953 62689864287 [128574[192861[67106 [L84540[251646
21 DC Manual | 20 P50402| O 0 0 [62601[125201/187802[ © 0 0
(22| SPVSurface DC Auto 20 p55814 0 0 0 [63954 1279071191861 0 0 0
pump with DLS & Tracker
o3|  fencing AC Manual | 20 DA44644[324406| O 0 |61161[122322l183483]64881 [178423[243304
24 ] AC Auto 20 P50056B29818| O 0 [62514 [125028[187542[65964 [L81400(247364
Tracker
25 20 P66418B60407 628501671007 66605 [1332091199814(72081 [198224|270305
26 | 50 P71830[B365819633913p76419|67958 [L35915P03873|73164 P01200|274364
[27] DCManual 75 575438869427 F37521/680027|68860 [137719p0657973885 p03185[277070
E Sub:w:'/sible 100 R78418B72407 540501683007 69605 [L39209p08814(74481 P04824|279305
29 | pump with DLS & 20 P71830B365819633913p76419|67958 [L35915P03873|73164 P01200|274364
30 fencing 50 PR77242B71231639325681831|69311 [138621p07932(74246 P04177|278423
E ?gé;;‘r’ 75 P80850B74839642933585439(70213 [140425p10638(74968 P06161(281129
32 100 P83830B77819545913688419(|70958 [141915p12873[75564 PO7800[283364
33 20 P44417B22797484222614167|61104 1222091183313(64559 [177538|242097
34| 50 [49829[328209/18963419579(62457 [124915187372(65642 [180515|246157
35| ACManual 75" b53437331817193242623187[63359 [126719}190078|66363 [L82499]248862
E Subriz\r/sible 100 P56417B3479719622226167 64104 [128209[192313(66959 [184138|251097
37 | pump with DLS & 20 [49829B328209[4189634519579(62457 [124915187372(65642 [180515|246157
38 fencing 50 P552413336211195046524991(63810 [L276211191431|66724 (183492250216
E #?aﬁﬁé? 75 [58849B37229/4198654528599(64712 [129425194137(67446 [185476|252922
40 100 P61829B40209501634631579(65457 [130915[.96372(68042 [187115|255157

Source: GOR, Jaipur.
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Table 2.6 continues...

DC/ AC Head (mtr.)| Farmer Share (in Rs. Per set )
SN [Details Mounting 3Hp 5Hp |3/5Hp|3/7.5Hp|3/ 10Hp[6/ 7.6 Hp|5/ 10 Hp
Structure
TP 3 Z 15 16 17 18 19 20 21
611 | (7110 | &1 | 7-14) | 814
2 [Subsidy -3 & 5 HP 75%
1 DC Manual 20 61430 0 0 0 0 0 0
2 [SPVSurface DC Auto Tracker| 20 62783 0 0 0 0 0 0
pump with
3 [Fencing IAC Manual 20 59990 | 79931 | 139752 0 0 0 0
4 IAC Auto Tracker| 20 61343 | 81285 | 141105 0 0 0 0
5 20 65434 | 88932 | 159423 | 327517 | 470023 | 257026 | 399532
6 50 66787 | 90284 | 160776 | 328870 | 471376 | 258378 | 400884
7 lpy DC Manual 75 67689 | 91187 | 161678 | 329772 | 472278 | 259281 | 401787
8 lsubmersible 100 | 68434 | 91932 | 162423 | 330517 | 473023 | 260026 | 402532
9 [pump with 20 66787 | 90284 | 160776 | 328870 | 471376 | 258378 | 400884
Fencin
10 & 50 68140 | 91637 | 162129 | 330223 | 472729 | 259731 | 402237
DC Auto Track
11 uto frackern™ =g 69042 | 92539 | 163031 | 331125 | 473631 | 260633 | 403139
12 100 | 69787 | 93284 | 163776 | 331870 | 474376 | 261378 | 403884
13 20 50934 | 79529 | 138314 | 299739 | 429684 | 240954 | 370899
14 50 61287 | 80882 | 139667 | 301092 | 431037 | 242307 | 372252
15|, AC Manual 75 62189 | 81784 | 140569 | 301994 | 431939 | 243209 | 373154
16 [submersible 100 | 62934 | 82529 | 141314 | 302739 | 432684 | 243954 | 373899
17 [pump with 20 61287 | 80882 | 139667 | 301092 | 431037 | 242307 | 372252
Fencin
18 & 50 62640 | 82235 | 141020 | 302445 | 432390 | 243660 | 373605
19 \C Auto Tracker == 63542 | 83137 | 141922 | 303347 | 433292 | 244562 | 374507
20 100 | 64287 | 83882 | 142667 | 304092 | 434037 | 245307 | 375252
21 DC Manual 20 62600 0 0 0 0 0 0
22 [SPV Surface DC Auto Tracker| 20 63953 0 0 0 0 0 0
pump with DLS &
23 |fencing IAC Manual 20 61161 | 81102 | 140923 0 0 0 0
24 IAC Auto Tracker| 20 62514 | 82454 | 142276 0 0 0 0
25 20 66604 | 90102 | 160593 | 328687 | 471193 | 258196 | 400702
26 50 67957 | 91455 | 161946 | 330040 | 472546 | 259549 | 402055
27 |0 DC Manual 75 68859 | 92357 | 162848 | 330942 | 473448 | 260451 | 402957
28 lsubmersible 100 | 69604 | 93102 | 163593 | 331687 | 474193 | 261196 | 403702
29 |[pump with DLS & 20 67957 | 91455 | 161946 | 330040 | 472546 | 259549 | 402055
fencin
30 & 50 69310 | 92808 | 163299 | 331393 | 473899 | 260902 | 403408
31 DC Auto Tracker ™2 70212 | 93710 | 164201 | 332295 | 474801 | 261804 | 404310
32 100 | 70957 | 94455 | 164946 | 333040 | 475546 | 262549 | 405055
33 20 61104 | 80700 | 139484 | 300909 | 430854 | 242125 | 372070
34 50 62457 | 82052 | 140837 | 302262 | 432207 | 243477 | 373422
35| A\C Manual 75 63350 | 82955 | 141739 | 303164 | 433109 | 244380 | 374325
36 lsubmersible 100 | 64104 | 83700 | 142484 | 303909 | 433854 | 245125 | 375070
37 [pump with DLS & 20 62457 | 82052 | 140837 | 302262 | 432207 | 243477 | 373422
rencin
38 & 50 63810 | 83405 | 142190 | 303615 | 433560 | 244830 | 374775
39 (AC Auto Tracker =2 64712 | 84307 | 143092 | 304517 | 434462 | 245732 | 375677
40 100 | 65457 | 85052 | 143837 | 305262 | 435207 | 246477 | 376422

Source: GOR, Jaipur.
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2.3.2 Eligibility Criteria

The solar pump subsidy was only available to farmers who had farm ponds
(diggi), did horticulture in at least 0.5 hectare (ha) land and used drip irrigation.
The farmer also had to own a minimum of 0.5 ha of land. Further the farmers who
owned up to 2 ha of land could apply for 2200 Wp pump and those who had more
than 2 ha of land could apply for 3000 Wp pump. The eligibility criterion for solar
power pump has been changing every year. The eligibility criteria specified during

the year 2017-18 is presented in Box 2.1 and details are discussed below:

Box 2.1: Eligibility Criteria for Solar Power Pump Subsidy

Eligibility

Farmer's Eligibility for

3 HP Solar Power
Pump Plant

Farmer's Eligibility for

5 HP solar power
pump plant

Land tenure

Minimum 0.5 hectare

Minimum 1.0 hectare

Green House, Shade Net

1000 Meters

2000 Meters

Lo-Tunnel 0.5 hectare 0.75 hectares
Water Storage Surface 1000 cubic meters 1500 cubic meters
Structure Water

Diggi source 400 cubic meters 800 cubic meters
Farm pond 1000 cubic meters 1500 cubic meters

Underground Water Source

Maximum 100m
Depth

Maximum 100m
Depth

Source: Dept of Horticulture, GOR.

Farmers have to apply to the Horticulture department along with a demand
draft for Rs.10000, land ownership record, a tri-partite agreement among the
farmer, preferred empanelled supplier and the horticulture department, a
guotation from the selected empanelled firm, and a technical drawing of the
structure. Once all the applications are collected at Tehsil level, these are verified
for compliance with the eligibility criteria. If the applications are more than the
quota, a lottery is conducted in the presence of District Collector. A
seniority/waiting list is created. If a farmer’s name features in the lottery list,

he/she has to deposit his 14 percent share minus Rs.10000 with the select firm.
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Based on the confirmation of the receipt of farmer’s share work orders are issued

by the Horticulture Department of the state government.

2.3.1.1 Farm Pond (Khet talai) (Rashtriya Krishi Vikas Yojana )

Construction farm pond is a very important
and useful activity for harvesting rain
water.

Subsidy: To all category of farmers 50% of
cost or maximum Rs 52500/- for earthen
farm pond and Rs 75000/- for Farm pond
with plastic lining (300 Micron on per BIS
Standards), whichever is less Subsidy will
be payable for individual beneficiary.

Eligibility: Farmer should have ownership

of minimum 0.5 hectare cultivable land.

2.3.1.2 Diggi

Construction of Diggi is very useful
activity in Canal Command area to
restore surplus water for field crops
and other agriculture activity.

Subsidy :-A subsidy 50% of unit cost or
Rs 350 per quvic meter Storage
capacity for Pakki Diggi(Masonary
work) or Rs 100 per quvic meter
Storage capacity with plastic lining

Diggi or maximum Rs 2.0 lac.

Whichever is less, will be payable to all
category of farmers with minimum capacity of four lac liter Storage capacity as an
individual beneficiary.

Eligibility: - Farmer should have ownership on minimum 1.0 ha cultivable land.
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2.3.1.3 Water Tank (Rashtriya Krishi Vikas Yojana )

Jalhauz construction is a very important
and useful activity to store water for timely
irrigation as and when required in areas
where ground water level is very deep and
electric supply is uncertain.

Subsidy:-To all category of farmers for
construction of Jalhauz with minimum one

lac liter capacity, 50% of cost or Rs 350 per

quvic meter Storage capacity and

maximum Rs 75000/- whichever is less
subsidy will be payable for individual beneficiary.

Eligibility: - Farmer should have ownership on minimum 0.5 ha cultivable land.

2.3.1.4 Irrigation Pipeline (RKVY, NFSM, NMOOP)

e

Use of Irrigation Pipeline facility is an
important activity for promoting efficient
use of irrigation water.

Subsidy:-A subsidy 50% of unit cost or Rs
50/- per meter HDPE pipe or Rs 35/- per
meter PVC pipe or Rs 20/- per meter
HDPE laminated lay-flat tube pipe or
maximum Rs. 15000/- whichever is less,

will be payable to all category of farmers

as an individual beneficiary.

Eligibility:- Farmer should have ownership on cultivable land, electric / diesel /
tractor operated Pumpset. Individual farmer is eligible for separate subsidy having
joint and / or separate Pumpset on joint irrigation source. Individual farmer will be
eligible for separate subsidy on long distance conveyance pipeline from a common

water source.
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2.3.1.5 Sprinkler irrigation and Mobile Raingun (NFSM, NMOOP)

J‘
N

’:'T‘- )
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r
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}

L

Sprinkler irrigation and Mobile Raingun
facility is provided to farmers for promoting
efficient use of irrigation water.

Subsidy:- Individual beneficiary programme.
(A) Sprinkler irrigation Programme:-

e NFSM - Pulses and Wheat: - Subsidy
50% of unit cost or maximum Rs 10000/- per
hectare whichever is less, will be payable.

e NMOOP:- Eligibility:-

|
Unit cost as _ .
per GOI Area Farmer Category Subsidy Payable in %
Small/ Marginal 60
DPAP/DDP
19600/- per Other 45
Hectare Non DPAP/ Small/ Marginal 45
Non DDP Other 35

2.3.3 Supportive Programs for Efficient Use of Water

Due to irregular and inadequate rainfall in the state, continuous famine

situation remains in some area and water is available for irrigation in limited

guantity. Due to rising population and industrialization, increasing demand for

water is increasing. In such a situation, it is necessary to preserve this valuable

resource, to provide more irrigation in efficient use and to get more profit from the

per unit water. Therefore, the following programs are being implemented by the

Agriculture Department for proper use of water to attract the attention of the

farmers to the protection and efficient use of this limited and valuable resource: -

a
b

d

Diggy-Fountain Program

)
)

c) Water Hog Program
) Synchy pipeline program

Farm Pond (Field Tailieri) Program
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2.3.3.1 Diggy Fountain Program:

This scheme is quite beneficial in the rural areas for the proper use of
water and for irrigation in the irrigated area. When the canal is started, the extra
water available in the digestion can be used for irrigation by fountain and drip
method. This program is being implemented in the districts of Sriganganagar,
Hanumangarh, Jaisalmer, Bikaner, Kota, Baran and Bundi districts. About 50 per
cent of the cost or maximum of Rs 3.00 lakh whichever is less, grant is given for
the construction of four million liters and a heightened capacity of the dignitaries
by the farmers.
National Agriculture Development Plan:

» Financial goals of Rs.50.00 crores are proposed for the physical targets of

5000 Diggy constructions and Rupees 150.00 crores in the year 2012-13.

» In the year 2013-14, grants-in-aid of 101.02 crores has been provided to
the farmers for the construction of 3453 Digies.
» In the year 2014-15, the financial target of 5000 digit construction and Rs.

100.00 crore financial provision is proposed.

2.3.3.2 Farm Pond (Farm Tailieri) Program:

This program is very effective for the purpose of collecting irrigation water
by collecting rain water in heavy soil and harsh lower surface land. The size of the
pond for the grant should not be less than 20x20x3 meters (1200 cubic
meters). Farmers subsidy is also payable on the form of various sums of forms
(such as 30x30x4, 30x30x3, 25x25x4, 25x25x3 meters) which are more than
minimum saris. Small, marginal, scheduled caste, scheduled tribes and women
farmers will be given 75 percent of the cost or maximum of Rs 60,000 / -
whichever is less, on the construction of various sized forms. Growers will be paid
to farmers of general category 50 percent of the cost or maximum Rs 60,000 / -
whichever is less.

This program is being implemented in all the districts of the state.
» In the year 2013-14, a grant of Rs. 38.42 crores has been provided to

farmers for the construction of 6611 farm pond.
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» In the year 2014-15, the physical target of 9000 (8000 raw and 1000
lined) form pond constructions and rupees 49.50 crore financial provision is
proposed.

2.3.3.3 Water Haul Program:

Jawal Hauj is an important plan to ensure the use of irrigation water as per
need. The size of the hawk should not be less than 30g 20g 06ft (3600 cubic feet)
or less than 1 lakh liters capacity for the grant. All categories of farmers are given
50 percent of the cost or maximum Rs 60,000 / - whichever is less grant in the
year 2013-14. This program is being implemented in the districts of Jaipur, Ajmer,
Dausa, Sikar, Jhunjhunu, Bikaner, Churu, Jodhpur, Jaisalmer, Barmer, Nagaur,
Jalore, Pali, Sirohi and Bundi districts. Financial target of 1,000 water halls
construction and financial provision of rupees 6.00 crores in the financial year
2012-13 under National Agriculture Development Plan.

» In the year 2013-14, a grant of Rs 4.82 crore has been provided to the
farmers for the construction of 838 water halls.

» Inthe year 2014-15, the physical target of 1,000 water-havelic building and

rupees 6.00 crore is proposed for financial provision.

2.3.3.4 Synergy Piper Line Program:
By taking raw water available for irrigation through raw drains to the fields,
20 to 25 percent of water is wasted. In order to reduce the wastage and irrigate
more area of the water saving area, the farmers of all the categories are asked to
take water from the source to the farm on the irrigation pipeline, HDPE / PVC As
per their requirement, the farmers will be given subsidy on all types and all-sized
pipes to the farmers of 50 percent of the cost or maximum of Rs.15000 / -
whichever is less or maximum 25 rupees per meter.
» In the year 2013-14, a grant of Rs 10.21 crore has been made available to
farmers for setting up 3729 km pipeline.
» In the year 2014-15, for the Irrigation Pipeline program financial objective
of 600 km of NMOP scheme and financial provision of Rs. 150.00 lakh and
financial provision of Rs. 4928 crore for the National Food Security Mission

and the financial provision of Rs. 1232.00 lakh.
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2.4 Cost Analysis and Measurable indicators of Solar Pump Programme

Rajasthan has been pioneer in promoting solar water pumps by adopting
suitable policies with an aim to increase solar pump coverage in the state. The
important government resolutions of State Government of Rajasthan are given in

Box 2.2 and appended as Annexure IX.

Box 2.2: Government Resolutions regarding Solar Irrigation water pumps by,
Government of Rajasthan, Jaipur

Date Resolution No. Subject
No.P1() —

oty | e | ot g o
No.P1() —

oot | SRS | st s gy o
No.P1() —

07/20/2016 | 1710387617 | nigation Scheme 201607

11/1/2017 g?ﬁl.a/ls(z)lar/GL/2017- ﬁﬁé‘;et:;”nez(tﬁ;f’n‘za;gf?flgé Operated
18/5401-5526

Source: GOR Office, Jaipur.

The comparative economics of solar pumps and electric system estimated
by the State Government in 2013 is presented in Table 2.7. The measurable

Indicators - Rajasthan Solar Pump Program up to 2013 is presented in Table 2.8.
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Table 2.7: Solar Pump vs Electric System - Cost Analysis

Sr. Details: Cost input Per ha/yr
No. 25yr
1 Fixed cost
) 11 kW Sub Station Structure Cost {Structure, GO & DO 90000
and LA
(I | 25 kVA transformer with meter cost 40000
() | 11 KV Line per consumer assuming 5 pole average 55000
requirement
(V) Sub total 185000
(V) | Amount being charged from consumer by Discom for 5 12500
HP Connection @ 2500/- per HP
A Net Government financial load for connection: 172500 3450
Established cost for 25 years @10% per year 431250 8625
2 Calculation of Indirect Electricity tariff subsidy financial
load per consumer on Government:
) 5 HP Load running 6 Hrs per day for 225 days in a years 5063
in ayear:3.75 kWx6 Hrsx225 days=50623 units
(I) | Electricity being charged for 5062 uni billing @ Rs.1.40 7088
per unit
(I | Revenue return possible from the same electricity under 31894
Commercial tariff plan @ 6.30 per unit
(IV) | Net Electricity tariff difference indirect subsidy to 24806
consumer per year (c-b)
B Total Electricity tariff difference indirect subsidy to 620156 12403
consumer in 25 years:
3 Total Government Investment
C1 | Total subsidy being provided to consumer on connection 1223906 24478
as well as indirect tariff subsidy in 25 years period: A+B
C2 | Solar subsidy (86% of cost Rs. 7.48 lac) 643280 12866
4 Benefit of Solar over electricity
D Saving of subsidy over electricity/ha/year (C1-C2) 11613
Saving against Potential per year 200000 ha (5000 29031 1161
pumps) Rs. Lac
Investment for 5000 pumps @ 5.00 lac/- 25000

Note: Assumption: 5SHP pump covers 2 ha area under irrigation
Source: Goyal, 2013.
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Table 2.8: Measurable Indicators: Rajasthan Solar Pump Programme

Policies Supporting Solar-Powered Irrigation in Rajasthan

Sr. ltem Unit Total
No.
1 MNRE approved rate with DC pump Rs ./Wp 190
2 MNRE approved rate with AC pump (DC rate minus 15%) Rs ./Wp 161.50
3 Average solar pump capacity Wp 3,000
4 No .of pumps in 2012-13 No. 4000
5 Equivalent electric power saved (4000x 3000wp) MWp 12
6 Duration in hours apump runs/day Hrs. 6
7 No. of units (KWh) saved per day KWh 18
8 No. of days a pump runs in a year Days 200
9 No. of electric units saved per pump per year 18 x 200 KWh 3,600
10 | Cost per Kwh of electricity Rs. 5
11 | Monthly saved by solar pump per year 3,600 x 5 Rs. 18,000
12 | Conventional grid, distribution capital cost saved( not Rs.
considered)
13 | Diesel cost saved per year ( diesel generation is about Rs. 36000
twice costly than electric)
14 Diesel saved per pump per day litre 3
15 Diesel saved per pump per year litre 600
16 | Diesel saved total, per year (4000 x 600) Millon Ltr 2.4
17 | Foreign exchange saved per year, crude price@ Rs.million 48
Rs,20/litre
18 | Diesel subsidy saved by Govt. per year (24,00,000 x Rs.million 24
Rs.10/liter)
19 | Diesel subsidy saved by Govt. in 15 years (Rs.2.4Cr x 15 Rs.million 360
years)
20 | Area irrigated per pump per crop Ha 3
21 | Area irrigated total, 2 crops a year (4000 pumps x 2 x3) Ha 24,000
22 | Water required for surface irrigation per Ha Cubic Mtr 5,000
23 | Water saved per Ha due to drip irrigation (40% of 500) Cubic Mtr 2,000
24 | Total water saved, 24,000 x 2,000 MCM 48
25 | Additional production value due to irrigation through solar Rs. 1,00,000
pumps
26 | Total addl production value due to irrigation through solar Rs. milion 2,400
pumps
27 | Co2 emission for one 1kwh electricity produced by diesel Kg 0.29
28 | Total co2 generation avoided, 12,000 KWh x 0.29 kg Kg 3,480
29 | Curtailment in farmers’ waitlist for electric connection Nos. 4,000

Source: Goyal, 2013.
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2.4 Chapter Summary:

This chapter presented the status of solar irrigation pumps in Rajasthan
highlighting the policies adopted by the government towards same. Rajasthan has
been pioneer in promoting solar water pumps by adopting suitable policies with an
aim to increase solar pump coverage in the state. Its horticulture department
provides 86 per cent subsidy on pumps, while the rest is borne by the farmer.
Government of Rajasthan brought a new momentum in the space of solar
irrigation pumps by introducing 3 HP DC submersible pumps in an 86 percent
subsidy scheme launched in 2011-12. The solar pump subsidy was only available
to farmers who had farm ponds (diggi), did horticulture in at least 0.5 hectare (ha)
land and used drip irrigation. The farmer also had to own a minimum of 0.5 ha of

land.

Next chapter presents findings from field survey data.
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Chapter lli

Findings from Field Survey Data

3.1 Introduction

In order to understand the possible reasons for the adoption of solar
technology, information were collected from selected households on various
parameters such as their socio-economic profile, operational holdings, sources of
irrigation, land holding including leased in and leased out land, source of income
and items of expenditure as well as their cropping pattern and returns from
cultivation. Further, their reasons for adopting solar technology or otherwise, either
with or without subsidy from the government, were also probed. The respondents’
experiences with solarized irrigation and their suggestions in order to expand the
area under solarized irrigation in Rajasthan were also sought. The collected
information is presented in a tabular form and analysed in order to draw
meaningful conclusions and bring out policy implications as discussed in the

present chapter.

3.2 Social Profile of the Selected Households

As mentioned earlier, data were collected from 125 sample households
comprised of 100 households those who have installed solar irrigation pump with
support of subsidy (beneficiary farmer household), 5 sample households who have
installed solarizied irrigation pump on their own (without any subsidy or support-
non-beneficiary farmer household) and 20 sample households who have not yet
got subsidy nor installed solar irrigation pumps on their farm (non adopters-control
group). The details of social profile of selected households are presented in Table
3.1. It can be seen from the table that except few respondents from beneficiary
category, all other selected households from all groups (beneficiary, non-
beneficiary and non-adopter category respondents) were male. This indicates
farming decisions and adoption of new technology on farm related decision were
taken by the male, thus dominance of male could be seen despite of the fact that

female contribution is highly significant in the farming and dairying. The average
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age of all the respondents of selected respondents was around 50 years while
average family size of household was relatively larger in case of beneficiary
households (6.91 person), than non-beneficiary and non adopters households (5.4
and 5.3 members respectively). Out of total adult family members in the family,
more than 70 per cent were actively participating in the farming. The education
status of selected respondents indicate the average education level up to 8 years,
while non beneficiary households were relatively more educated (around 11 years)
than other groups. The figures on average level of education of respondents
indicate that lower level of education among selected respondents.

Table 3.1: Personal Profile of Selected Respondents

Sr. | Particulars Beneficiary | Non-Beneficiary Non- Av.
No. Adopters Adopters Adopters | (n=124)
(n=100) (n=b) (n=20) ALL
BEN NONBEN NSUSER
1 | Gender of Respondent (%)
Male 95.00 100.00 100.00 96.00
Female 5.00 0.00 0.00 4.00
2 | Average Size of household
(Nos.) 6.91 5.30 5.40 5.87
3 | Average No. of members
working in Agriculture 3.67 3.30 3.15 3.37
4 | Mean Age of respondent
(years) 51.3 50.10 48.3 49.90
5 | Mean years of Education 6.70 11.80 6.60 8.37

of respondent (years)
Source: Field survey data.

The religion-wise distribution of selected respondents presented in Table
3.2 indicate that out of total selected households, about 94 per cent households
belongs to hindu religion while remaining were from Muslim and Sikh religions.
Among the three groups of respondents, same trend was observed except relative
high share of Sikh religion among non-beneficiary households as about one fifth of
non-beneficiary households were from Sikh religion. In case of social caste
distribution, on an average, dominance of other backward class category
households was observed followed by households from general category and
scheduled caste category. The other backward caste followed by open category

comprised beneficiary household group, while opposite composition of households
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was observed in case of non beneficiary households. Besides, Open and OBC
category households, scheduled caste households were also among selected
households under non-adopters group. Thus, at overall level, backward class
category respondent dominated the sample followed by general category and then
scheduled caste, while very meager share was of Scheduled Tribe respondents.

Table 3.2: Social Characteristics of Selected Respondents

Sr. | Characteristic Beneficiary | Non-Beneficiary Non- Av.
No. Adopters Adopters Adopters

A | Religion (% to total)

1 | Hindu 94.00 80.00 95.00 93.60
2 | Muslim 1.00 0.00 0.00 0.80
3 | Christian 0.00 0.00 0.00 0.00
4 | Others 5.00 20.00 5.00 5.60
B | Social group (% to total)

1 | Scheduled Tribe 1.00 0.00 0.00 0.80
2 | Scheduled Caste 1.00 0.00 35.00 6.40
3 | Other Backward Castes 81.00 40.00 55.00 75.20
4 | General/Open 17.00 60.00 10.00 | 17.60

Source: Field survey data.

3.3 Economic Profile of the Selected Respondents

The details on economic characteristics of the selected households are
presented in Table 3.2. It can be seen from the table that more than 90 per cent of
total beneficiary and non-adopter households were having farming as their
principal occupation while three fourth of total non-beneficiary households had
service as their principal occupation. Animal husbandry and dairying followed by
agriculture labour was subsidiary occupation of beneficiary and non-adopters,
while crop cultivation followed by agriculture labour was subsidiary occupation of
non-beneficiary households. The main occupation of the selected households was
agriculture comprised of cultivation of land as a farmer along with supportive allied
activity of animal husbandry and dairying. The average years of farming experience
of the respondents was around 29 years, which shows that most of the
respondents were in farming business since their young age. The income level of
both beneficiary and non-beneficiary households indicate that more than 98

percent of beneficiary and non beneficiary households were better off term sof
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income as compared to non-adopters group in which half of the selected

respondents were from below poverty line income group. Thus low income status

may have kept non adopters away from adoption of this new power generation

technology. In case of dwelling structure, it was observed that about 98 per cent

households of beneficiary member have pucca structure while in non- beneficiary

and non adopter category only 60 per cent and 45 per cent household has pacca

house structure.

Table 3.3: Economic Characteristics of Selected Respondents

Sr. | Particulars Beneficiary Non-Beneficiary Non- Av.
No. (N=100) (n=5) Adopters (N=125)
(n=20)
A | Principal Occupation (%)
1 | Cultivator 92.00 60.00 90.00 90.40
2 | AH & Dairying 0.00 0.00 0.00 0.00
3 | Agri. Labour 0.00 0.00 0.00 0.00
4 | Nonfarm Labour 0.00 0.00 0.00 0.00
5 | Own Non-Farm Establishment 2.00 0.00 0.00 1.60
6 | Trade 1.00 0.00 0.00 0.80
7 | Employee in Service 5.00 40.00 10.00 7.20
8 | Other 0.00 0.00 0.00 0.00
B | Subsidiary Occupation (%)
1 | Cultivator 8.00 60.00 50.00 16.80
2 | AH & Dairying 72.00 40.00 25.00 63.20
3 | Agri. Labour 0.00 0.00 0.00 0.00
4 | Nonfarm Labour 0.00 0.00 0.00 0.00
5 | Own Non-Farm Establishment 10.00 0.00 0.00 8.00
6 | Trade 9.00 0.00 0.00 7.20
7 | Employee in Service 1.00 0.00 25.00 4.80
8 | Other 0.00 0.00 0.00 0.00
¢ fAe\llr-r{](ia:grS of experience in 29.60 28.00 30.00 | 29.20
D | Income Group (%)
1 | BPL 2.00 0.00 50.00 9.60
2 | APL 98.00 100.00 50.00 89.60
3 | AAY 0.00 0.00 0.00 0.00
E | House Structure Nos. (%)
1 | Pucca 98.00 60.00 45.00 88.00
2 | Semi-Pucca 2.00 20.00 35.00 8.00
3 | Kuccha 0.00 20.00 20.00 4.00

Source: Field survey data.
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3.4 Size of Land Holdings with Selected Households

Land is the most important and limited factor in agriculture. The details on
operational landholding of the selected sample households are presented in Table
3.4. It can be seen from the table that on an average, land holding size of selected
beneficiary households was 1.21 ha categorizing them as small land holders’
group, while non-adopters had much lesser land holding of 0.91 ha as marginal
land holders, while corresponding figure for non-beneficiary households was 6.10
ha, indicating medium size land holders. Moreover, we also found that the who
were having solar water pump had taken land on leasing-in while none of them
leasing out the land. Non-beneficiary farmer households had taken larger size of
land on leased-in (0.75 hectare) as compared to beneficiary households (0.01 ha),
this might be because the non beneficiary farmers are comparatively wealthy
farmers and have more capital than the other two groups.

Table 3.4: Operational Landholding of the Selected Sample Households

Sr. | Particulars Beneficiary Non- Non- Total
No ..
Beneficiary Adopters

A | Total owned land

Rainfed (% to total) 6.12 0.00 25.35 3.65
Irrigated (% to total) 93.88 100.00 74.65 96.35
Total (ha) 2.45 5.86 0.71 3.01
B | Un-cultivated land
Rainfed (% to total) 0 0 0 0
Irrigated (% to total) 0 0 0 0
Total (ha) 0 0 0 0
¢ | Cultivated land
Rainfed (% to total) 12.50 0.00 19.78 4.42
Irrigated (% to total) 87.50 100.00 80.22 95.58
Total (ha) 1.2 5.35 0.91 2.49
D | Leased-in land
Rainfed (% to total) 0.0 0.0 - 0.0
Irrigated (% to total) 100.0 100.0 - 100.0
Total (ha) 0.01 0.75 0 0.25

E | Leased -out land

Rainfed (% to total)

Irrigated (% to total)

Total (ha) 0 0 0 0

G | Total operational land/HHs
Rainfed (% to total) 12.40 0.00 19.78 4.01
Irrigated (% to total) 87.60 100.00 80.22 95.99
Total (ha) 1.21 6.1 0.91 2.74
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Out of the total operational land holdings with selected households, almost
all land under operation of non-beneficiary household was under irrigation, while in
case of beneficiary households, about 80 per cent land had irrigation coverage.
The non-adopter households could irrigated their three fifth of total operational
holdings with available sources of irrigation. Thus, despite of having the large size
of land holdings, non-beneficiary had sufficient water and sources of irrigation to
irrigate the crop. Due to such sound background of having all land coverage with
irrigation, the assured returns must have build confidence in farmers to invest in
installation of solar pumps on their farm with their own expenditure, i.e. without

any subsidy.

3.5 Changes in Cropped Area, Cropping Intensity and Irrigation Method:

Changes in cropped area and changes in use of irrigation methods of
selected beneficiary households after solarisation are presented in Tables 3.5 and
3.6. It can be seen from these tables that after solarisation, area under cropped as
well as irrigated area was increased by around 17 percent while cropping intensity
was almost constant. The share of area sown to gross cropped area during kharif
and summer season has shown meager increase. It can be seen from table 3.6
that distribution of area under irrigation by type of irrigation method has shown
some changes after solarisation as compared to situation prevailed during pre-
solarisation period of beneficiary farms. The area irrigated by flood method of
irrigation has declined by about 30 per cent which must have due to adoption of
sprinker and drip method of irrigations. The area under rainfed condition has also
shown declined trend. Overall the total gross cropped area has increased about
17 per cent after solarisation.

The transformational impact of irrigation is evident in solar water pump
Scheme, where solar pumps were used to expand the coverage of the scheme
from 40 to 50 hectares. More than 50 per cent beneficiary household area
transformation from gravity-fed irrigation to sprinkler and drip irrigation with
additional solar booster pumps have been deployed to pump water into a storage

reservoir.
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Table 3.5: Changes in Net Sown Area, Gross Cropped Area and Cropping Intensity of
Sample Beneficiary Households

Before After
Sr. | Seasons | Particulars Solarisation Solarisation
No (2015-16) (2016-17)
A | Kharif Rainfed (% to season total area) 0.83 0.32
Irrigated (% to season total area) 99.17 99.68
Total as percentage of GCA 63.07 64.13
B | Rabi Rainfed (% to season total area) 0.43 1.00
Irrigated (% to season total area) 99.57 99.00
Total as percentage of GCA 35.41 33.86
C | Summer | Rainfed (% to season total area) 0.00 0.00
Irrigated (% to season total area) 100.00 100.00
Total as percentage of GCA 1.51 2.01
D | Total Rainfed (% to GCA) 0.67 0.54
Irrigated (% to GCA) 99.33 99.46
E | Net Area Sown (% to GCA) 63.07 64.13
F | Cropping Intensity (%) 158.55 155.94
Source: Field Survey data.
Table 3.6: Changes in use of Irrigation Methods of Beneficiary Households
Sr. | Method of Area in ha Percentage
No.| irrigation Before solarisation After Solarisation change
A | Gross Irrigated 281.97 32053 16.90
Area
1 |FI . 109.25
ood 154.96 99,50
(54.67) (33.09)
2 i . 200.7
Sprinkler 116.76 00.70 21.89
(41.19) (60.78)
3 | Dri . .
rip 10.25 19.58 91.02
(3.62) (5.93)
B |Rai . .67
ainfed 1.48 0.6 54.73
(0.52) (0.20)
C |GCA 283.45 330.20 16.49
(100.00) (100.00)

Note: Figures in parenthesis are percentage total.
Source: Field Survey data.

The changes in net sown area, gross cropped area and cropping intensity of

and changes in use of irrigation methods of non-beneficiary households after

solarisation are presented in Tables 3.7 and 3.8. It can be seen from these tables
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that after solarisation, significant growth in gross irrigated area and gross cropped
area was recorded, that to increase in irrigated area was more than cropped area.
Due to which cropping intensity has changed by around 13 per cent points after
solarisation as compared to before solarisation year. The increase in area under
irrigation may be due to assured and quality power supply through solar during
convenient timings during day time for irrigation.

Table 3.7: Changes in Net Sown Area, Gross Cropped Area and Cropping Intensity of
Sample Non-beneficiary Households

Sr. Changes in area
No Seasons (% to GCA) n=5
Before After
A | Kharif Rainfed (% to season total area) 11.62 5.76
Irrigated (% to season total area) 88.38 94.24
Total as percentage of GCA 63.07 64.13
B | Rabi Rainfed (% to season total area) 0.00 0.00
Irrigated (% to season total area) 100.00 100.00
Total as percentage of GCA 3541 33.86
C | Summer | Rainfed (% to season total area) 0.00 0.00
Irrigated (% to season total area) 100.00 100.00
Total as percentage of GCA 1.51 2.01
D | Total Rainfed (% to GCA) 7.49 3.42
Irrigated (% to GCA) 92.51 96.58
E | Net Area Sown (NAS) % to GCA 64.5 59.3
F | Cropping Intensity (%) 155.12 168.49

Source: Field data survey.

It can be seen in the table that the area irrigated by flood method of
irrigation has declined by about 28 per cent. Also rainfed area has declined by 43
per cent after solarisation. While area irrigated through the use of micro irrigation
equipments such as sprinkler and drip has recorded significant increase. Overall
the total gross cropped area has increased about by 26.04 per cent after
solarisation. As increase in gross cropped area was higher for non-beneficiary than
the beneficiary may to due to the fact that non beneficiary farmers are

economically strong and diesel pump owners, had shifted to solar pumps to avail
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benefits such as zero operational costs, ease of use throughout the day and cost

savings on diesel.

Table 3.8: Changes in use of Irrigation Methods of Non-beneficiary Households

Sr. \rrigation Methods Area in ha. Percentage
No. g Before solarisation After Solarisation change
A |Gross Irrigated 36.3 47.77 31.60
Area
1 | Flood 26 18.85
-27.
(66.24) (38.11) 50
2 Sprinkler 9.18 26.73
(23.39) (54.04) 191.18
3 Drip 1.13 2.19
.81
(2.88) (4.43) 938
B |Rainfed 2.94 1.69
(7.49) (3.42) 42.52
C |GCA 39.24 49.46
(100.00) (100.00) 26.04
Note: Figures in parenthesis are percentage total.

Source: Field Survey

In case of non-adopters, cropping intensify was 166 per cent (Table 3.9)

mainly because of more than four fifth of total cropped area having irrigation

coverage.

Table 3.9: Net Sown Area, Gross Cropped Area and Cropping Intensity of Sample Non-

adopter households

Sr. Area
No. | Season (% to GCA)
A | Kharif Rainfed (% to season total area) 12.71
Irrigated (% to season total area) 87.29
Total as percentage of GCA 60.16
B | Rabi Rainfed (% to season total area) 0.00
Irrigated (% to season total area) 100.00
Total as percentage of GCA
C | Summer Rainfed (% to season total area) 0.00
Irrigated (% to season total area) 0.00
Total as percentage of GCA 0.00
D | Total Rainfed (% to GCA) 7.65
Irrigated (% to GCA) 92.35
E Net Area Sown (NAS) 15.73
F Cropping Intensity (%) 166.21

Source: Field data survey.
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3.6 Status of Irrigation before Solarisation

It can be seen from the Table 3.10 that before solarisation of irrigation
pumps, out of selected solar water pumps users, only 37 percent of beneficiary
households had grid connection facility available on their farm while all the non-
beneficiary farmers had grid connectivity to their irrigation pumps. In case of rate
charged towards use of electricity, almost two third pumps of beneficiary
households were metered and remaining were charge on flat rate basis. While in
case of non-beneficiary households, all irrigation pumps had meter and were
charged on meter use basis. Average irrigation expenditure per household per year
was estimated to be between Rs. 3200-3500/-. Despite of the fact that agriculture
require more hours of electricity supply to carry out agricultural operations
(irrigation, threshing, etc), selected respondents households reported that they
used to get hardly 6 hours of power supply in a day, which indicate the pressure
built on respondents to make use of new technology of solar energy.

The selected households had multiple sources of water available for
irrigation and also had used multiple method of irrigations such drip and sprinkler
irrigation. The average water depth was estimated to be around 200 feet and
water was lifted through making use of diesel and electric pumps. The average
distance of canal/river water was about 1 kms from the field. Around two third of
the selected households had water storage facility on the farm, while no one has
made attempt to recharge the groundwater through adoption of any innovative
technique or practice. The main problem was observed with the availability of
electricity to farm connection which is hardly made available though grid for eight
hours in a day mostly at inconvenient times, irrespective of season. Thus, in order
to irrigate the crop during day time with uninterrupted power supply, the solar
irrigation pump is the most suitable option available which selected households

have installed on their farm.
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Table 3.10: Details about Grid Connectivity and Irrigation Pumps before Solarisation

Sr. . Beneficiar Non Beneficiar
No. Particulars (n=100)y (n=5) Y
1 % of HHs having grid supply/ connection on 37.00 100.0
farm
Average Rate
Metered (%) 59.46 100.0
Flat rate (%) 40.54 0.00
2 | Average payment Rs./Year 3500.0 3225.0
3 Average Grid power availability (hrs)
Rainy 6.00 6.00
Winter 6.00 6.00
Summer 6.00 6.00
4 Major source of Irrigation
Open well (%) 19.00 0.00
Tube well ( %) 40.00 60.00
Tank ( %) 25.00 40.00
Canal ( %) 36.00 60.00
5 Average Water depth (ft.) 198.31 205.83
6 Nature of irrigation pumps before solar pumps
Diesel ( %) 50.00 60.00
Electric ( %) 37.00 40.00
Rented diesel ( %) 13.00 0.00
Rented electric ( %) 0.00 0.00
Floods ( %) 100.00 100.00
7 Average Capacity in HP
Diesel 3.00 3.00
Electric 5.00 5.00
8 Method of Irrigation
Drip (No.s/ %) 68.00 40.00
Sprinkler (No.s/ %) 89.00 40.00
Flood No.s( %) 14.00 60.00
9 Average Distance of Canal/River water (mtrs) 909.47 762.50
10 | % of HHS having water storage availability 66.00 60.00
5 - .
11 f/;((:)ifi;HS having ground water recharging 0.00 0.00

Source: Field Survey

3.7 Changes in Cropping Pattern

Changes in cropping pattern of sample beneficiary households are

presented in Table 3.11. It can be seen from the table that due to about 17 per

cent increase in gross cropped as well as irrigated area after solarisation, area

under fruits and vegetables, wheat and maize crop was significantly increased

during rabi and summer season. The change in cropping pattern was relatively in

favor of irrigated crops. During kharif season, major crops grown were paddy,
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maize, groundnut, cotton, soybean while wheat and gram were sown during rabi
season. Due to availability of irrigation facility, crops such as maize, moong,
vegetables and fruits were grown during summer season.

Most of the households, who were previously growing subsistence crops like
bajra, maize, soybean in kharif and wheat, gram and mustard in rabi, and feed
crops as well to earn income and benefit. After solarisation, not only numbers of
crops grown have increased but also farm yields have increased to an average of 2
to 4 quintal per hectare. Irrigation enables farmers to grow three crops per annum
and rotate crops to grow a diversity of nutritious and cash crops, such as
vegetables and fruit crops and flowers also. This indicates that solarisation helps
to increase the area under cultivation during the summer season or under the
perennial with commercial crops like vegetables.

While in case of non-beneficiary households, cropping pattern indicate that
kharif season was the major season (Table 3.12) for them. However, crops were
grown in all three seasons (kharif, rabi and summer) before solarisation as well
because of the fact that they are economically sound and thus can make full use
of water through the use of diesel and electricity pump. As expected after
solarisation, the share in area of traditional crops such as jowar, moong, moth,
guar and bajra has declined and area under other horticulture crops like
vegetables and fruits crops has increased. After solarisation, gross cropped area of
the non-beneficiary households has increased by about 26 percent. It was also
observed that after solarisation, the numbers of crops grown during year has been
increased, as seen in case of beneficiary households. In kharif season, the major
crops grown were cotton, soybean and bajra while during rabi season, wheat, gram
and rapeseed & mustard crops were grown. The fodder and vegetables crops were
also grown by the non beneficiary farmers during summer season. The increase in
share of the area under commercial crops, fruits and vegetables and perennial
crops indicate the benefit of solar energy availability with selected non beneficiary

households for irrigating the crops.

80



Findings from Field Survey Data

Table 3.11: Changes in Cropping Pattern of Sample Beneficiary Households

Sr. Before After % age
No. | Crop Name solarisation Solarisation change
% GCA % GCA Area
1 | Kharif
a Rainfed Maize 0.06 0.07 43.75
Jowar 0.25 0.10 -54.17
Moth 0.12 0.00 -100
Guar 0.10 0.03 -59.26
b Irrigated Bajra 18.00 16.10 4.21
Maize 7.51 7.10 10.09
Jowar 7.18 7.73 25.52
Moong 4.71 4.37 8.1
Moth 0.32 0.37 35.16
Urad 0.03 0.05 100
Groundnut 5.36 7.73 68.03
Sesamum 0.03 0.02 0
Soybean 3.94 4.18 23.55
Cotton 6.60 5.69 0.53
Guar 5.22 4.54 1.22
Tomato 0.02 0.06 233.33
Ladyfinger 0.02 0.02 0
Kinnow 3.62 4.43 42.73
Lemon 0.47 100
Pomegranate 0.41 100
Guava 0.50 100
Chilly 0.06 100
Brinjal 0.02 100
Cabbage/Cauliflower 0.04 100
Rose 0.03 100
2 Rabi
a Rain fed Gram 0.12 0.25 138.24
Mustard 0.03 0.09 244.44
b Irrigated Barley 0.24 0.07 -66.67
Wheat 18.49 16.75 5.55
Gram 1.77 7.23 8.4
Rapeseed & Mustard 8.47 8.60 18.28
Linseed 0.06 0.08 47.06
Razka 0.02 0.03 50
Onion 0.02 0.06 216.67
Chilly 0.05 0.14 200
Isabgul 0.06 0.07 37.5
Tomato 0.08 0.25 281.82
Cucumber 0.14 100
Ginger 0.04 100
Palak & Methi 0.04 100
Marigold 0.04 100
3 Summer Jowar Fodder 1.50 1.89 47.06
Vegetable 0.01 0.01 33.33
Watermelon 0.00 0.02 600
Muskmelon 0.02 100
Tomato 0.02 100
Aowla 0.04 100
GCA 16.49
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Table 3.12: Cropping Pattern of the Non-Beneficiary Sample Household

Sr. Crop Name Before solarisation After % age change
No. % GCA Solarisation In area
% GCA
a Rainfed
Moth 1.91 1.52 0
Guar 3.97 1.90 -40
Bajra 1.60 0.00 -100
b Irrigated 0.00
Bajra 9.04 8.51 18.59
Maize 1.35 1.60 48.58
Jowar 1.27 -100
Moong 1.27 2.02 100
Moth 3.03 1.52 -36.84
Soybean 15.36 13.91 14.01
Groundnut 5.94
Cotton 14.98 12.78 7.48
Guar 2.06 0.63 -61.54
Tomato 2.88 2.87 26.22
Ladyfinger 0.15 0.53 320
Chilly 2.70 2.34 9.41
Kinnow 2.88 3.29 44.44
2 Rabi
a Irrigated
Wheat 11.84 12.63 23.36
Gram 5.99 10.37 76.89
R & Mustard 14.01 11.81 34.22
Linseed 0.79 0.00 45.45
Onion 0.64 0.71 87.5
Cucumber 0.32 0.51 88.5
3 Summer
Jowar Fodder 0.97 0.89 16.67
Vegetable 0.97 2.61 243.33
Pomegranate 1.13
GCA 24.59

Source: Field Survey

In case of non-adopters (control group) households, major crops grown

during Kharif season were bajra, moong, moth, groundnut, guar and other minor

crops while wheat, gram, rapeseed and mustard were major crops grown during

rabi season (Table 3.13). It was very pleasant to note here is that significant area

during summer season was allotted under fodder crops indicates the scarcity of

fodder in the selected area. The distribution of area under irrigation by type of

irrigation method used by all non adopter farmers adopted flood irrigation system.
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Table 3.13: Changes in Cropping Pattern Sample Non-adopters Households

Sr.
No. Crop name % GCA
1 Kharif
a Rainfed
Moth 4,78
Guar 2.87
b Irrigated 0.00
Bajra 12.20
Maize 4.21
Jowar 5.74
Moong 5.74
Moth 4.55
Groundnut 5.12
Soybean 3.94
Cotton 6.46
Guar 4.05
Tomato 0.50
2 Rabi
a Irrigated
Wheat 21.15
Gram 4.78
Rapeseed & Mustard 5.74
Linseed 1.19
Onion 0.96
Cucumber 0.48
Fodder 5.54

Source: Field Survey

3.8 Possession of Irrigation Pumps:

The details on possession of irrigation pumps of selected households

presented in table 3.14 indicate that solar pumps essentially are a collection of

solar PV panels, AC or DC pumps and the associated electronics that have been

optimized for high efficiency operations. All non-beneficiary households have used

submersible DC pumps while in case of beneficiary households, 54 per cent

households had DC pumps on their farm. As a technology, while AC technology is

now catching up, DC technology is considered to be more suitable given the wider

operating range and higher efficiencies reported by beneficiary.
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Table 3.14: Details on Possession of irrigation Pumps of selected Respondents

Sr. | Particulars Responses (% to total)
No. Beneficiary Non- Non-Adopters | Total (N=124)
(N=100) Beneficiary (n=20)
(n=4)
1 | Surface AC 2.00 0.00 0.00 1.60
2 | Submersible AC 33.00 0.00 0.00 26.40
3 | Surface DC 11.00 0.00 0.00 8.80
4 | Submersible DC 54.00 100.00 0.00 47.20

Source: Field Survey

3.9 Installation of Solar Panels and Availability of Power

The details about the installation of solar panels and availability of power
with selected beneficiary and non-beneficiary households are presented in Table
3.15. It can be seen from the table that land area covered by the solar pump
installed was around 4.8 ha in case of beneficiary households while same was 4.4
ha in case of non-beneficiary households. All the selected households had solar
panels on farm. About two third of installed solar PV panels were with automatic
rotation system while remaining were with manually rotation system. On an
average 4-6 poles are were installed with mean number of stand poles between
12-15, having average size of panel of 3 feet by 5 feet. Mean area covered by the
each stand pole was around 5 feet by 5 feet. No installed solar panel have meter
to record the power generated and used. About 37 percent solar plants of
beneficiary households and 5 percent of non beneficiary households were
connected to grid. None of farmers has installed the solar power storage cell. The
solar power generated mostly been sued for agriculture purpose while few of
beneficiary households used for household purposes as well. None of the selected
households had use solar power to sell irrigation water to neighboring farmer, thus

no additional income through sale of water was reported.
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Table 3.15: Installation of Solar Panels and Availability of Power

Sr. no. . Beneficiary NOT‘ .
Particulars (n=100) Bene_f|C|ary
(n=5)
1 al;/lrzaiEslflanlIde((;llr(ehz;)on which solar PV panels and pump 4.8 4.43
2 HHs having solar PV panels (%)
on Field 100.0 100
at home 0 0
3 HHs having device rotated (%)
Manual 30.0 40.0
Automatic 70.0 60.0
4 Mean No. of solar stand poles 4 6
5 Mean No. of rectangular panels in stand poles 12 13
6 Mean Size of each panel (ft*ft) 3x5 3x5
7 Mean power generation capacity (units/day) NA NA
8 | Average Actual power generated with solar units/day NA NA
9 Mean area covered by each stand pole
(FT x FT) 5x5 5x5
10 | Connection of solar power plant to the grid (No.s/%) 37.00 5.00
11 | Mean sale of power to the grid (units/ per month) NA NA
12 | Selling rate (Rs./unit) NA NA
13 | HHs that installed solar power storage cells (No.s/%) NA NA
14 | Approximate cost per unit (range) NA NA
15 | Type of use of storage cells
On own field NA NA
On others’ field NA NA
16 | Renting out for social function NA NA
16 | Approximate hours of power used per irrigation NA NA
17 | Prevalent water rates in the district (Rs./bigha/hour
of irrigation) (range)
i) Through canal flow NA NA
ii) Through canal lift NA NA
iii) Through govt. tube well NA NA
iv) Purchased NA NA
18 | No. of HHs using solar power
(a) for household use
(b) for agriculture 98.0 100
(c) for both 2.0 0
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3.10 Reasons for Adopting Solar Pumps

Rajasthan comprises about 10.4 percent of India’s landmass in which 60
per cent area are is desert and 5.5 percent of the total population but has only one
percent of the nation's water resources. Groundwater is either saline or declining
at a fast rate. The grid power supply available for only 5 to 6 hour for field and it is
very expensive. In such a scenario, selected households were asked about the
reasons for adoption of solar power generation unit on their farm. The selected
households have cited multiple reasons for choosing solar on their farm (Table
3.16).
Table 3.16: Reasons for Adopting Solarised Irrigation Pumps

Sy Responses (%)
Nc; Particulars Beneficiary | Non Beneficiary
(n=100) (n=b)
Non-availability of electricity connection 50.00 60.00
Costly diesel 51.00 60.00
Costly to run electric pump 24.00 70.00
4 Ur.wrehablllty pf _electrlcr[y supply/ Inconvenient 46.00 40.00
grid supply timings
5 Inconvenient hours of electricity supply 41.00 60.00
6 Wanted to take advantage of subsidy being 36.00 0.00
offered
7 | Wanted to try a new technology 3.00 0.00
8 War_wted to try rgnewable technology as it is 34.00 20.00
environment-friendly
9 Personal relations with the person who marketed 4.00 0.00
solar technology
10 Recqmmendatlon of fellow farmers, friends or 14.00 0.00
relatives
11 | Savings on the cost of fertilizers and weeding 16.00 20.00
12 | Saving electric bill 56.00 80.00
13 TQ avoid hassle of irrigating crop irrigation during 66.00 30.00
night hours

Source: Field survey data.

About two third of beneficiary households mentioned that to avoid hassle of
irrigating crop irrigation during night hours was the major reason for adoption of

solar irrigation pump. More than 50 percent of selected households strongly
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reported that they adopted the solar water pump due to costly diesel, followed by
non-availability of electricity connection, unreliability of electricity supply/
inconvenient grid supply timings, high electric bill. Few of the beneficiary
households wanted to try renewable technology as it is environment-friendly while
few wanted to take advantage of subsidy being offered for installation of solar
pumps on farm. While in case of non-beneficiary households, major three reasons
quoted were saving electric bill followed by costly to run electric pumps and
inconvenient time of electric supply/costly diesel. Thus, findings about the reasons
for adoption of the solar water irrigation pump under different category suggests
that high cost of electricity along with inconvenient hours of electricity supply and
high cost of diesel has pushed the farmers to adopt pollution free power

generation thorugh solar.

3.11 Sources of Finance to Purchase Solar Pumps

Government of Rajasthan brought a new momentum in the space of solar
irrigation pumps by introducing 3 HP DC submersible pumps with 86 percent
subsidy scheme launched in 2011-12. There was also a 2 HP DC submersible
pump option, but there have been few takers for it. The State government
leveraged central financial assistance coming from MNRE and Agriculture Ministry
for the same. The state government provides 56 percent subsidy under Rashtriya
Krishi Vikas Yojana (RKVY) and the New and Renewable Energy Ministry of
Government of India provides the balance 30 percent under Jawaharlal Nehru
National Solar Mission (JNNSM). The project was implemented through the
Horticulture Society under the Agriculture department of Government of Rajasthan.
The sources of finance for purchasing solar pump are given in the table 3.17. It
can be seen in the table that beneficiaries had to pay 30 to 32 per cent of the
system cost. The agriculture department of Rajasthan provided 68-72 per cent of
total cost as subsidy through JNNMS and RKVY scheme. The cost of 5 HP solar
pumps was about 30 to 33 per cent higher than 3 HP solar. It may be noted that,
the major sources of institutional credit was commercial banks followed by
cooperative banks, for both beneficiary and non-beneficiary farmers. About 50 to

80 per cent amount had taken loan by beneficiary while corresponding figure for
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non beneficiary household was 45 to 55 with interest rate ranges between to 7 per
cent. The cost of documentation incurred by selected households was about Rs.
1111/- per households while in case of non beneficiary households same was Rs.
1848/- (Table 3.17). The expenditure of Rs. 1584/- was incurred towards
installation by the beneficiary while corresponding figure for non-beneficiary
household was Rs. 1848/-.

Table 3.17: Sources of Finance for Purchasing Solar Pump

Sr. ; Beneficiary Non Beneficiary
P I
No. | Farticulars (n=100) (n=5)
1 | Av. Cost of solar pump (Rs.)
3 HP 480449.0 449281.0
5 HP 646870.0 606167.0
2 | Av. Subsidy on Solar (Rs.)
323966.8
3 HP (67.43) 0.00
456370.0
5 HP (70.55) 0.00
3 | Own investment (Rs.) Range
3 HP 156482.2 449281
(32.57) (100.00)
5 HP 190500.0 606167
(29.45) (100.00)
4 | Amount of bank loan (Rs.)
3 HP 100750 250000
(55.82) (55.64)
5 HP 150500 280333
(79.00) (46.25)
5 | Number of HH taken bank loan (%) 48.00 100.00
6 | Bank Interest rate (%) 4.00 4.00
7 Number of Bank Provided Loan 4.75 3.00
8 | HHs financed/supported by NGO - -
Av. Cost of documentation and
° installation (Range) in Rs. 1111.00 1847.75
10 | Av. Cost of installation Rs. 1584.00 3514.00

Source: Field survey data.

3.12 Installation of Solar Pumps & Post installation Service
The process of installation of solar pump took almost 6-7 days (Table 3.18)
while average number of visits of representative of agency was more in case of

non-beneficiary (about 5 visits) compared to beneficiary households (about 3
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visits). The company-wise distribution of solar panels indicates that Jain Irrigation
Company had supplied major share of pumps (as solar pump supplier) in both
groups. The other major suppliers were Shakti, Lubi, Tata Solar, Waaree, etc. More
than 95 per cent of selected respondents had received training/ demonstration
about operating solar pump from solar water pump through supplier agency while
about more than 98 per cent of beneficiary and non beneficiary household had
satisfied with support services provided by agency and quality of solar panels.

More than 90 per cent responded are insured the solar pump.

Table 3.18: Process of Installation and Pre and Post-installation Support

Sr. Particulars Beneficiary |Non Beneficiary] Total
No. (n=100) (n=5) (n=105)
1 No. of times that the representative of the
agency visited the respondent (Avg .Days) 2.23 4.5 3.36
2 !\lo. of wprkmg days taken to complete 6.32 5.4 6.02
installation (Range)
3 Percentage share in funds from the agency
that made installation?
Jain Irrigation 62.00 60.00 61.90
LUBI 6.00 0.00 5.71
Modern Solar 1.00 0.00 0.95
Shakti 3.00 20.00 3.81
Tata Solar 4.00 20.00 4.76
Topsun 5.00 0.00 4,76
Waaree 10.00 0.00 9.52
Reel Solar 6.00 0.00 571
SunEdison 2.00 0.00 1.90
Lanco 1.00 0.00 0.95
4 Respondent who received instructions/
training/demonstration about operating 98.00 60.00 96.19
solar pump (%)
5 Satisfaction with support services provided 95.00 100.00 95.24
by agency (%)
6 No. of insured solar pumps (%) 92.00 100.00 92.38
7 Satisfaction of respondents with quality of 98.00 100.00 98.10
solar panels (%)

Source: Field survey data.

3.13 Conditions of Eligibility for Subsidy

Government of Rajasthan had many times improved the policy and eligibility
criteria of receiving subsidy on solar water pump. The solar pump subsidy was only
available to the farmers who fulfill the basic criteria fixed for same such as farmer
should have farm ponds (diggi), had land at least 0.5 hectare (ha) land and

availability of micro irrigation instruments or ready to take solar with micro
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irrigation and no grid connection. It can be seen in table 3.19 that more than 80

per cent beneficiary had fulfilled these conditions.

Table 3.19: Conditions of Eligibility of Receiving Subsidy

Sr. | Eligibility conditions % to total
a Caste/Category 0.0

b Gender (Female) 0.0

c Income group (BPL) 0.0

d Land ownership (Marginal >1 ha; Small >2 ha) 80.0
e Backwardness of region/area 0.0

f No Grid connection 14.0
g | Availability of Diggi=1/Tank=2 80.0
h Availability of micro irrigations instruments (drip/sprinklers) 83.0

i Ready to take Solar with micro irrigation 52.0

Source: Field survey data.

Storage tanks in different sizes are used to store the water that is pumped.
The water that is stored in the tank can be used for irrigation when needed. There
are different types of agricultural irrigation method used (Table 3.20).
Characteristics of respondents using solarised irrigation pumps are given table
3.20. More than 90 percent beneficiary households had used solar with MIS while
100 per cent non-beneficiary households have used MIS and Solar pump without
subsidy. All solar water pump users advise to others to adopt solarisation of
irrigation pumps with the information of the government policies in the solar
irrigation sector, particularly solar subsidies regard and economic benefit of solar

irrigation pump.

Table 3.20: Characteristics of Respondents Using Solarised Irrigation Pumps

Sr. Responses (%)
No. Characteristic Beneficiary | Non Beneficiary Av.
(n=100) (n=b) (n=105)

1 Solar pump with MIS 93.0 100.0 93.33

2 Solar pump without MIS 6.0 0.0 5.71

3 Adopted micro-irrigation along with 93.0 100.0 93.33
solar pump

4 Solar pump without subsidy 0.0 100.0 4.76

5 Adopted solar |rr|g§t|on only because 0.0 40.0 1.90
bank loan was available

6 | Would advise others to adopt 100.0 100.0 100.00
solarization of irrigation pumps

Source: Field Survey data.
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3.14 Water Use and Sale ‘Before’ and ‘After’ Solar Pump

The water use and sale ‘before’ and ‘after’ solar pump installed
comparative analysis between beneficiary and non beneficiary are given in table
3.21. To supplement the intermittent and inadequate canal supply, many farmers
have also dug tubewells. It can be seen in table that the depth of water level is
was around 210 feet in case of beneficiary households during both the periods,
while same has slightly increased to about 235 feet in case of non-beneficiary
users. The depth of groundwater was stagnant possibly may be due to farm pond
as recharger for ground water on beneficiary farm. Diesel was used as fuel to drive
the water pump during rabi season. On an average about 4 litre of diesel was used
per bigha watering of land by the selected respondents and approximate
expenditure of repair of diesel pump was estimated to be between Rs. 8500-
10000/- was incurred. Some of the beneficiary and non beneficiary farmers had to
incurred expenditure to the tune of amount of Rs. 4581-/ and Rs. 6847/- towards
repair of their electric pumps. On an average, about more than two hours time was
spent on procuring diesel/petrol per week to fetch diesel from about 10-12 kms
away from village/farm. But after solarisation, not only large reduction in
operational and maintenance cost was observed but also complete removal of
reliance on fuel has been observed. It was surprising to note here is that no
selected respondent have commented on the excessive water withdrawal for long
run as well as on steps taken to curtail water withdrawal for self use as no one had
reported sale of water. Besides, no efforts were made by anyone respondents to

recharge water.
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Table 3.21: Water Use and Sale ‘Before’ and ‘After’ solar pump

Sr. o Before Solarisation After Solarisation
No | District BN NBN BN NBN
1 | Mean depth of groundwater (ft) 210.14 225.80 | 210.14 | 235.8
2 | Mean amount of diesel (litres/
watering/bigha)
Rabi 3.45 3.93 - -
Summer

3 | Approximate mean expenditure on repair
of diesel pump (Rs/year)

4 | Approximate mean expenditure on repair
of electric pump (Rs/year)

5 | Approximate mean distance from sale
point of petrol/ diesel (km)

6 | Approximate mean time spent on

8520.0 | 10016.0 - -

4581.0 | 6847.0 - -

10.09 12.61 - -

procuring diesel/petrol per week 120.0 150.0 - -
(minutes)
7 | (%) Re_s_pondents having issues with 70.00 80.00 i i
electricity supply
8 Mean expenditure on irrigation
(Rs/bigha/year)

Diesel pump | 3872 4548 - -
Electric pump | 13584 15841 - -

Solar pump - - - -
9 | Respondents purchasing water/ Selling N N N N
10 | No. of farmers who believe that excessive
water withdrawal for sale is harmful in the N N N N
long run
11 | No. of farmers who had taken steps to
. . N N N N
curtail water withdrawal for sale
12 | No. of farmers who had taken steps for N N N N
artificial recharge of ground water
13 | Mean expenditure on water recharging N N N N

efforts
Source: Field Survey data.

About 20 to 25 per cent respondent have realized that the crop productivity
increased and about 40 to 45 per cent respondent have adopted the crop diversity
after solar and increase the numbers of crops in a season. They were grown
commercial crops and also reported that the after solar, the productivity of
traditional crop increased. None of farmers of beneficiary and non-beneficiary has
sold the water but the exchange and borrow water from each other. Due to

increase in availability of power during convenient timings, farmers have
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diversified their cropping pattern towards high value crops as well as some of them

have noticed positive increase in productivity of crops grown (Table 3.22).

Table 3.22: Crop Diversification after Solarisation

Sr. | Particulars Water use
No. Before Solarisation After Solarisation
BEN NonBEN BEN NonBEN

1 | Respondents who adopted crop
diversification (%)

Kharif 18 5 40.00 80.00
Rabi 20 5 45.00 100.0
Summer 40.00 100.0

2 | Respondents who reporting increase in crop
productivity (%)

Kharif - - 25.00 80.00
Rabi - - 22.00 80.00
Summer - - 18.00 80.00

3 | No. of farmers reporting changes in crop
productivity with solar pump (%)

Has increased - - 40 4
Has decreased - - - -
Remained constant - - 60 1

Source: Field Survey data.

3.15 Maintenance of Solar Panel

Solar panels are generally self cleaning, but in particularly dry areas or
where panel tilt is minimal, dust and other substances such as bird droppings can
build up over time and impact on the amount electricity generated by a module.
Grime and bird poop doesn’t need to cover an entire panel to have an effect. This
is where cleaning solar panels may have to be done. As solar electricity generation
is depend on the exposure of solar panel surface area which may over time get
dusty and with other substances such as bird droppings can build up over time
may impact on the amount electricity generated by a module. Therefore, regular
cleaning of solar panels need to be carried out by the farmers. It was observed
that different time schedules are adopted by the households for cleaning of solar
panel surface and no similar pattern observed (Table 3.23). Two third of
beneficiary households and one fourth of non-beneficiary households has been
cleaning the same twice in a week, half of the non-beneficiary households and one
tenth of beneficiary households clean solar panel once in a week. The approximate

time for cleaning the solar panel surface is estimated to about 20-22 minutes. On
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average, 45 per cent of the solar panels users clean the panels in once a week
and 25 percent of the respondents are cleaned twice in a week. The estimated

time for the cleaning of solar panels is 28 to 30 minutes.

Table 3.23: Frequency of Cleaning of solar panels

Sr. | Time period Responses (%)

No Beneficiary Non-Beneficiary Av.
1 | Every day 25.00 0.00 23.81
2 | Alternative day 3.00 0.00 2.86
3 | Twice in week 26.00 20.00 25.71
4 | onein aweek 43.00 80.00 44.76
5 | fortnightly 3.00 0.00 2.86
6 Appro_xmatg time taken for 58.70 3210 30.40

cleaning (minutes)

Source: Field Survey

3.16 Experiences with Solarized Irrigation

The experiences with solarized irrigation of selected households indicate
that ease of opinion and maintenance along with convenience time for irrigation
with output of water were major positive aspect of solarisation (Table 3.23). The
other supportive factors of solarisations noted by the selected households were
reduction in use of fertilizers, use of micro-irrigation method.

More than 90 per cent beneficiary and non beneficiary farmers had great
experience of solar i.e. ease of operation, ease to maintenance, less labour and
supervision required and the timing for irrigation are very convenience, used of
fertilizer decrease with increase of micro irrigation after solarisation. Some of the
selected respondents using electric pumps were dissatisfied with use of electric
pump due to its unreliable power supply, depleting water tables and high

expenditure on diesel.
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Sr. i Before Solarisation (%) After Solarisation (%)
No. Particulars Beneficiary NO'?. Av Beneficiary Non Beneficiary Total
(n=100) Be(giféc?ary (n=105) (n=100) (n=5) (n=105)

1 | Baseof 36.00 | 40.00 | 36.19 | 100.00 | 100.00 | 100.00
Operation

2 |Easeof 16.00 | 80.00 | 19.05 80.00 | 100.00 | 81.00
maintenance

3 | Frequency of
break-down and 94.00 80.00 93.33 40.00 20.00 39.05
repair

4 | Labour and
supervision 99.00 | 100.00 99.05 40.00 40.00 40.00
required

5 | Instances of
interruptions
due to outages/ 53.00 80.00 54.29 0.00 0.00 0.00
shortage of
diesel

6 | Convenience in
timing for 9.00 20.00 9.52 100.00 100.00 100.00
irrigation

! Output of water 68.00 20.00 65.71 90.00 80.00 89.52

8 | Useoffertilizers | o550 | 2000 | 8000 | 9000 | 100.00 | 90.48
per Bigha

9 | Use of micro-
irrigation 74.00 80.00 74.29 100.00 100.00 100.00
methods

Source: Field Survey

3.17 Experiences of Advantages and Disadvantages of Solar pumps

The advantages of solar pumps realizations by beneficiary and non

beneficiary household are presented in table 3.25. Solar pumping systems allow

vital water resources to be accessed in remote rural locations. Solar water pumps

require no fuel and minimal maintenance. All selected respondents reported the

advantage of no cost of fuel followed by no maintenance cost and quality of power

supply. The other advantages reported by respondents were no harassment of

irrigating crop in night, saving on labour cost, almost no monthly cost of operation

and no harassment of fetching diesel.
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Table 3.25: Experiences of Advantages of Solar Pumps

Sr. Advantages _ _Responses (% tp .total)

No. Beneficiary |Non Beneficiary All
1 No maintenance cost 99.00 80.00 98.10
2 No cost of fuel 100.00 100.00 100.00
3 No harassment of fetching diesel 29.00 40.00 29.52
4 Almost nil monthly cost of operation 70.00 80.00 70.48
5 Quiality supply of power 90.00 100.00 90.48
6 Generate income through sale of water 0.00 0.00 0.00
7 gsvr\wlz:a(;teenlsncome through renting out of 0.00 0.00 0.00
8 Saving labour cost 86.00 60.00 84.76
9 No harassment of irrigating crop in night 75.00 100.00 76.19

Source: Field survey data.

The disadvantages of solar panel were asked to selected households. Most

of the selected households mentioned the two prominent disadvantages of solar

panels such as it require a huge initial investment and only can be used during

sunny days (Table 3.26). As installation of solar panel requires usually around Rs.

4.5 lakhs to 6.5 lakhs depending on the size of the panel and horse power of solar

panel. This is the main reason that discourages people to install solar panels.

Unfortunately, sun doesn’t shine 24 hours, and solar power relies on it. Since solar

electricity storage is not yet fully developed, so it can be used during sunny days.

Table 3.26: Experiences of Disadvantages of Solar Pumps

Sr Responses (% to total)
No | Disadvantages Beneficiary [Non Beneficiary]  Av
(n=100) (n=5) (n=105)
1 Only can be used during sunny days 24.00 60.00 25.71
2 High initial cost of installation 84.00 100.00 84.76
3 Heavy depletion of groundwater 0.00 0.00 0.00
4 High cost of batteries/power cell 0.00 0.00 0.00
5 Height of panel is lower thus cannot 0.00 0.00 0.00
use space below panel

Source: Field survey data.
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3.18 Factors for non-adoption and Perceptions

The few reasons were given by the selected households for non- adopting
the solar water pump is given in table. 3.27. It can be seen in the table that the
about 79 per cent of farmers had given first preference to lack of fund for non
adopting water pump followed by hesitation to invest/ lack of confidence/ risk
averse (66.05%), less land, unviable for investment on solar pump (57.40%),
opposition from family members (56.55%). unviable for investment on solar pump,
Subsidy is insufficient, Ground water is at great depth, unsuitable for solar and

Came to know about it much later.

Table 3.27: Ranking of Factors for not Adopting Solar Water Pump

Sr. Responses
No. | Description % Rank
1 Lack of funds-RANK 79.00 1
2 Hesitation to invest/lack of confidence/risk averse- 66.05 2
4 Less land, unviable for investment on solar pump- 57.40 3
3 Opposition from family members 56.55 4
8 Have flat rate electricity connection 55.95 5
5 Do not have confidence in the NGO/donor agency 51.15 6

/Government/external agents-
6 Personal differences with other members of DSIC 48.40 7
7 L_gggnpr:cézﬁsixstggdat a distance; not found economical 46.85 3
9 Ground water is at great depth, unsuitable for solar 43.90 9
10 | Subsidy is insufficient. | want .....% subsidy 38.15 10
12 | No one contacted me persuasively 28.75 11
11 | Came to know about it much later. 26.85 12

Source: Field survey data.

3.19 Suggestions

The few suggestions given by the selected non-adopter households to
expand solarisation of irrigation and its benefits are presented in Table 3.28. It can

be seen from the table that about 70 per cent non adopter HH has suggested that
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the criteria of subsidy should be relaxed and need to increase subsidy rate. About
40 per cent respondents had suggested that the portability of grid connectivity to
solar irrigation pumps should be made and awareness about solar irrigation pump

Scheme need to be increased.

Table 3.28: Suggestions by Non-adopter to Expand Solarisation of Irrigation Pumps
in Rajasthan

Sr.

No. | Suggestions % to total

1 Awareness about solar irrigation pump schemes 30.0

2 Portability of grid connectivity to solar irrigation pumps 40.0

3 Criteria of subsidy should be relaxed 75.0

4 Increase the subsidy rate 60.0
3.20 Chapter Summary

This chapter presented the results of field survey. The results indicate that
after solarisation, gross as well as irrigated has been increased. The changes in
cropping pattern were noticed towards high value crops and more area was
irrigated through use of micro-irrigation methods. Besides, cop diversification and
increase in crop productivity was also reported. The main reason for adoption of
solar was because of high cost of diesel and significant time require to fetch it and
assured quality solar power supply, while high cost of solar panel was major
concern. Lack of finance and awareness about solar irrigation system were the
major reasons cited by the non adopters. The major suggestions of respondent
households were need to increase in subsidy rate, portability of solar pump with
grid, criteria need to be relaxed and awareness campaigns of solar need to be

organized.

The next chapter presents summary and policy implications.
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Chapter IV

Summary and Policy Implications

4.1 Backdrop:

India relies heavily on agriculture and irrigation is used in about 49 per cent
of India’s cultivated area, while the rest relies on monsoon rain. Thus, sound and
expanded irrigation is critical for improving crop production and raising yields. For
over 50 years until 2010, India ranked first with the largest irrigated area in the
world. Irrigation in India today is almost entirely reliant on electric and diesel
pumps. Irrigation pumps used in agriculture account for about 25 per cent of
India’s total electricity use, consuming 85 million tons of coal annually, and 12 per
cent of India’s total diesel consumption, more than 4 billion liters of diesel. Of the
nearly 30 million irrigation pumps in use throughout the country, about 70 per cent
run on grid electricity, 30 per cent are powered by diesel, and only 0.4 per cent are
solar. The annual fossil fuel use associated with diesel and electric pumps
amounts to more than four billion litres of diesel, and 85 million tonnes of coal for
electricity generation. The demand for irrigation far exceeds the available pumping
capacity. Rapidly growing population, coupled with unreliable precipitation patterns
and extreme temperatures wrought by climate change impose additional pressure
on agricultural productivity in the country. Therefore, improving access to irrigation,
while reducing greenhouse gas emissions, has become our national priority

A complex set of factors including global warming, competitive land use
and lack of basic infrastructure is creating new challenges for India’s vast agrarian
population. The ever increasing mismatch between the demand and supply of
energy in general and electricity in particular, is posing challenges to farmers
located in remote areas and makes them vulnerable to risks, especially the small
and marginal farmers. Indian farmers and the national government both face
several challenges with regard to irrigation. Electricity in India is provided at highly
subsidized low tariffs, mostly at flat rates, and this has led to widespread adoption
of inefficient pumps. Farmers have little incentive to save either the electricity,

which is either free or highly subsidized, or the water being pumped, resulting in
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wasting both. Although the government heavily subsidies agricultural grid
connections, grid electricity in rural India is usually intermittent, fraught with
voltage fluctuations, and the waiting time for an initial connection can be quite
long. Despite the power shortages, coal shortages and increasing trade deficit, put
food security of nation at the risk.

The generation of solar energy and irrigation for agriculture could be
intricately related to each other. This is because India is a country that is fret with
an irregular and ill-spread monsoon. Hence, irrigation is a pre-requisite for
sustaining and increasing agricultural output. This is particularly true for the
western states of India and especially Gujarat and Rajasthan, where rainfall is
often scanty, uneven and irregular; whereas perennial rivers are absent. The role
of canal irrigation becomes very crucial in this scenario. However, in the absence
of sufficient and reliable canal water supply, the only other option that remains
with the farmers is that they irrigate their fields with the help of ground water
withdrawn through either electricity or diesel-driven pumps. Provision of power for
irrigation and other farm operations therefore, is a high priority area for the States.
However, providing farmers reliable energy for pumping is as much of a challenge
as is making the availability of water, sufficient. The high operational cost of diesel
pump sets forces farmers to practice deficit irrigation of crops, considerably
reducing their yield as well as income.

Currently, India has 26 million groundwater pump sets, which run mainly on
electricity that is primarily generated in coal-fired power plants, or run by diesel
generators. Scarcity of electricity coupled with the increasing unreliability of
monsoon forces the reliance on costly diesel-based pumping systems for irrigation.
The scarcity of electricity coupled with the perpetual unreliability of monsoon is
forcing farmers to look at alternate fuels such as diesel for running irrigation pump
sets. However, the costs of using diesel for powering irrigation pump sets are often
beyond the means of small and marginal farmers. Consequently, the lack of water
often leads to damaging of the crop, thereby, reducing yields and income. In this
scenario, environment-friendly, low-maintenance, solar photovoltaic (SPV) pumping
systems provide new possibilities for pumping irrigation water. Solar powered

pumps are emerging as an alternative solution to those powered by grid electricity
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and diesel. Diesel and electric pumps have low capital costs, but their operation
depends on the availability of diesel fuel or a reliable supply of electricity. Saving of
9.4 billion liters of diesel over the life cycle of solar pumps is possible if 1 million
diesel pumps are replaced with Solar Pumps. Using solar power for irrigation
pumps can cut a carbon footprint of Indian agriculture and bolster the country’s
role in the war against climate change.

Solar power could be an answer to India’s energy woes in irrigated
agriculture. Solar power generation on the farm itself through installation of solar
PV (photovoltaic) panels; and using it to extract groundwater could just be the
solution for the above concerns. Solar pumps come with a user-friendly technology
and are economically viable. They are easy to use, require little or no maintenance,
and run on near-zero marginal cost. Solar power is more reliable, devoid of voltage
fluctuations and available during the convenient day-time. India is blessed with
more than 300 sunny days in the year, which is ideal for solar energy generation,
aptly supported by promotional policies of the Government of India.

The Ministry of New & Renewable Energy (MNRE) has been promoting the
Solar-Off Grid Programme since two decades. The programme size has increased
many folds with the advent of Solar Mission, giving much impetus to various
components of the programme in which solar pumping is one of the major
component. Solar Pumping Programme was first started by MNRE in the year
1992. From 1992 to 2015, 34941 number of solar pumps have been installed in
the country. This number is minuscule, if we compare with the pumps in
agricultural sector. High costs of solar modules during these years resulted in low
penetration of solar pumps. However, in recent times the module costs have
started decreasing and are presently hovering around one fourth of the price in
those days. As a result, the programme has become more viable and scalable.
Therefore, present study was undertaken with aim to study the important issues
concerning large scale adoption of solar irrigation pumps, its economics/feasibility
and problems in adoption of same.

Literature suggests that application of solar energy in irrigation could have
myriad benefits. The primary benefit is that it is ‘free’. However, the generating

apparatus comes with high initial fixed costs like that of capital equipment, costs
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of installation, depreciation, interest, protection from theft, vandalism etc.
Nevertheless, the marginal costs are indeed ‘near zero’ (operation, maintenance,
repairs). The costs of expansion in irrigated area like that of hose pipes for
transporting water across fields is also much lesser compared to operating a
diesel pump or getting another electricity connection. Hence, solar pumps could
not only provide cheaper irrigation but also expand irrigated area and thus
increase the returns on agriculture. It could also extend the farming beyond the
kharif season (monsoon); by harnessing ground water and thus aid the
diversification of crops. Solarization could also unshackle the farmers from the
shortage of electricity supply and its inconvenient timings. They would be able to
irrigate not only their own land, but also become irrigation service providers to their
neighbouring farmers and also supplementing their own incomes in the process.
Solarized pumps could promote conjunctive irrigation by promoting ground water
extraction in flood-prone regions like north Bihar, coastal Orissa, north Bengal,
Assam and eastern Uttar Pradesh. The government has acted positively in this
matter and during the last five years, considerable progress ha s been made in
installation of Solar Pumps.

In light of the above, this study attempts to study the status and prospects
of solarisation of agricultural pumps in selected districts of Rajasthan. The data
were collected from three distinct groups of farmers, viz. farmers who had adopted
SIPs with the help of subsidy by the government, farmers who had adopted SIPs
without any support in the form of subsidy by the government, and the farmers
who had not adopted SIPs. The first group was of 100 sample farmers (25 from
each of the four districts under study, i.e. Jaipur, Bikaner, Udaipur and
Sriganganagar) who had installed Solar Irrigation Pumps (SIP) with the support of
subsidy from the government (beneficiary farmer households). The second group
consisted of 5 sample farmers from four districts who had installed SIPs on their
own without any support in the form of subsidy (non-beneficiary farmers). The third
group included 20 sample farmers (5 each from the four districts under study) who
had not yet adopted solarized irrigation (non-adopters). They were still using other

conventional fuels for powering their irrigation pumps when they were visited by
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the researchers. Thus, the total sample consisted of 125 selected farmers (Table
4.1).

Table 4.1: Sampling Framework in Rajasthan State

Sr. | Selected District | Beneficiary Non-solar Non- Total
No. farmers adopter beneficiary
farmers
1 | Jaipur 25 05 01 31
2 | Bikaner 25 05 01 31
3 | Udaipur 25 05 01 31
4 | Sriganganagar 25 05 02 32
Total 100 20 05 125

4.2 Policies supporting Solar Power Irrigation in Rajasthan

The state of Rajasthan has 10 per cent of India’s land, 5 per cent of its
population and only 1 per cent of its water resources, a disadvantage by a factor of
the for supply of irrigation water vis-a-vis agriculture area. Acute water shortage,
erratic rainfall and recurring droughts in every district have exacerbated the
situation. Over 60 per cent of the population depends for livelihood on agriculture
or horticulture, often marred by low productivity due to unreliable, inadequate or
non availability of irrigation. About 70 per cent irrigation is done through wells or
tube-wells energized mainly by grid-power or diesel generators. Approximately
60,000 farmers are waiting for grid-based electricity connections for irrigation.
Extension of electric-grid is not feasible in far-flung areas; almost 70 per cent area
in the State is classified as desert. Moreover, ground water has deteriorated
rapidly in the last two decades. Out of 249 blocks, nearly 200 are in the highly
critical zone. Aimost 90 per cent of groundwater withdrawal in the State is utilized
through flood or furrow-irrigation methods with mere 35 to 45 per cent water-use-
efficiency.

Rajasthan is blessed with one of the best solar insolation on earth (6-7
kWh/m2/day) combined with maximum sunny days in a year, about 325, which
makes it one of the most attractive destinations for harnessing solar energy for
various purposes, especially irrigation. It was thus envisaged that an integrated
solar water pump scheme formulated by combining various stand-alone

government schemes would be indeed beneficial for the region as well as its
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farmers. Subsidies available under various programs were clubbed and the State
committed to grant the total subsidy up to 86 per cent of the capital cost. The
departments of agriculture, finance and energy of the State, and Union
government’s Ministries for Agriculture (MoA) and New and Renewable Energy
(MNRE) worked in tandem along with various stakeholders to make it is seamless
and successful project.

Rajasthan has been pioneer in promoting solar water pumps by adopting
suitable policies with an aim to increase solar pump coverage in the state. The
solar pump scheme for irrigation began in Rajasthan in 2010 - a combination of
the Jawaharlal Nehru National Solar Mission (JNNSM), Rashtriya Krishi Vikas
Yojana (RKVY), the water harvesting structure (WHS) scheme under the National
Horticulture Mission (NHM), and various other State resources. Under the scheme,
farmers are provided with subsidies from RKVY and the Ministry of New and
Renewable Energy (MNRE). In the inception year, a subsidy figure of 86% was
arrived at (30% from MNRE and 56% from RKVY), through calculations of a base
price for the manufacturing and installation of a solar water pump set. The
remaining 14 per cent, equivalent to the cost of just the pump set, was to be paid
by the farmer, which would amount to about Rs. 56000-63000. In 2010-11, 50
farmers were targeted, which was scaled up to 500 in 2011-12, and 10,000 in
2012-13, eventually covering all 33 districts of the State. There are three, very
transparent eligibility criteria for the subsidy -(1) the farmer should own at least
0.5 Ha of land; (2) the land should have a diggi/farm pond or other water storage
structure; (3) drip irrigation system should be installed in a portion of the farm.
Progressively, the scheme was amended to include the usage of mini-sprinklers as
criteria for areas where land holdings are relatively smaller and diggi construction
is unfeasible or impractical. This inclusion widened the scope for the
popularization of efficient irrigation methods, increasing the water use efficiency in
many regions significantly. On the other hand, the subsidy figure was reduced from
86 per cent to 70 per cent to an even lower 60 per cent over the years, and this
reduction in the subsidy amount is presently the major cause for farmers backing
out from the scheme. Farmers who already have electric connections for irrigation

shall be provided with a smaller figure of subsidy, amounting to about 30% of the

104



Summary and Policy Suggestions

total cost of the solar pump set. This calls for a study of the efficacy of the scheme
and a detailed evaluation of the impact that these solar water pumps have actually
had on farmers already using them, to enable us to ascertain why we should be
moving towards this green, efficient, cheap, and emission-free energy source,
and/or explaining how the scheme may be further improved for a much wider
acceptance and preference among those that require such alternative solutions
desperately.

In the year 2008-09, Government of Rajasthan had started scheme of 100
per cent subsidy on solar water pump for government farm then after in 2010-11,
pilot project was started and covered only 6 districts to installed solar water pump.
To harness the vast amount of energy, the Rajasthan government subsidized 86
percent solar-powered irrigation in 2011-12 and introduced 3 HP DC submersible
pumps. MNRE and the Ministry of Agriculture through the financial assistance of
the state government had supported. Jawaharlal Nehru National Solar Mission
(JNNSM) provides 30 percent of the state government, Rashtriya Krishi Vikas
Yojana (RKVY) and the Ministry of New and Renewable Energy offers a 56 per cent
subsidy. The solar water pump scheme was scaled up from a mere target of 50 in
2010-11 to 500 (900 per cent increase) in 2011-12; to 2,200 (over 340 per cent
increase) for 2012-13; and, to 10,000 (354 per cent increase) for 2013-14.
Implementation at large scale was initiated in year 2011-12 when out of 33
districts, 14 districts were covered. Next year i.e. 2012-13 the scheme covered all
the 33 districts in the State. In the year 2014-15, all 33 districts were also
included, but this time only 2900 solar water pump was kept in the target as the
subsidy rate had been reduced, but still achieved a lot of achievement and 242
percent more solar pumps installed than targeted. The good achievement in the
next year 2015-16 and 31 percent more installed than the targeted solar pump.
After year 2013-14, Rajasthan has also begun targeting high ROl beneficiaries by
prioritizing farmers without electric connections. The state has three subsidy
slabs—75 per cent for those willing to give up their place in the queue for electric
connections, 60 per cent for farmers without an electric connection, and only the
30 per cent MNRE subsidy for those unwilling to give up their electric

connection/place in the queue.
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Despite water scarcity, Rajasthan is actively pushing for solar pumps. Its
horticulture department provides 86 per cent subsidy on pumps, while the rest is
borne by the farmer (Table 4.2). Government of Rajasthan brought a new
momentum in the space of solar irrigation pumps by introducing 3 HP DC
submersible pumps in an 86 percent subsidy scheme launched in 2011-12. There
was also a 2 HP DC submersible pump option, but there have been few takers for
it. The initial estimates of costs at the Rajasthan level 3 were Rs.6.16 lakh for 3
HP pump and almost Rs. 18-20 lakh for a 10 HP pump. Government of
Rajasthan’s aggressive policy of subsidizing solar pumps is helping to increase the
numbers but there is some evidence that the current subsidy is discouraging cost
reduction. Farmers are viewing solar pumps as an all purpose solution to their
energy needs (Table 4.3). The top five districts having highest coverage of solar

pumps are Bikaner, Jaipur, Sri Ganganagar, Hanumangarh and Sikar.

Table 4.2: Achievements of Solar Irrigation Pump in Rajasthan

No. of . . .
. o Achieve- Pump Subsidy Funding
Year Project District Target ment Capacity (WP) (%) Source
Covered

2008.09 | Government 7 14 14 1800 100 RKVY
Farms

2010-11 | Pilot Project 6 50 34 | 220073000 | 86 | oW

201112 | Firstmajor 14 500 | 1649 | 2200/3000 | 86 | JNNSM,

jump RKVY

Second major JNNSM,

201213 | ;= 33 2200 | 4280 | 2200/3000 | 86 | uiversie

Third major INNSM,

201314 | | ) 33 10000 | 10000 | 220073000 | 86 RKVY,
jump

State

: JNNSM,

2014-15 .fSrL:]”h major 33 2900 | 9919 | 2200/ 3000 307’560’ NCEF,

jump STATE

) : JNNSM,

2015-16 .Fdatqh major 33 4702 | 6170 | 2200/ 3000 3%20’ NCEF,

Jump STATE

n.a. n.a. 30.60 JNNSM,

2016-17 | Six major jump 33 7500 e NCEF,

STATE

o n.a. n.a. 50, 55, JNNSM,

2017-18 | major jump 33 500 65 70 NCEF,

' STATE

n.a. n.a. 50. 55 JNNSM,

2018-19 major jump 33 7500 65’ 70’ NCEF,

‘ STATE

Note: n.a.- not available.
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The solar pump subsidy was only available to farmers who had farm ponds
(diggi), did horticulture in at least 0.5 hectare (ha) land and used drip irrigation.
The farmer also had to own a minimum of 0.5 ha of land. Further the farmers who
owned up to 2 ha of land could apply for 2200 Wp pump and those who had more
than 2 ha of land could apply for 3000 Wp pump. The eligibility criterion for solar
power pump has been changing every year.

Table 4.3: Base Rate for SPV Solar Pump Project in Rajasthan (2017-18 and 2018-19)

Sr. DC/ AC Head Base Rate (in Rs. Per set)

No. Details Mounting (mtr.) 3 Hp 5 Hp 7.5 Hp 10 Hp
1 2 3 4 5 6 7 8

1 | SPV Surface pump [DC Static 20 236250 0 0 0

2 IAC Static 20 230492 307999 0 0

3 SPV submersible |DC Static 20 252266 344000 509839 650090
4 pump IAC Static 20 230265 306390 465560 593250
5 50 5412 5412 5412 5412
6 Head Over 75 9020 9020 9020 9020
7 Additional Cost 20m 100 12000 12000 12000 12000
7 Manual 2706 2706 2706 2706

Tracker
8 Auto Tracker 8118 8118 8118 8118
9 SPV Domestic Lighting System 4681 4681 4681 4681
37 Wp/ 40 Ah Battery / 9 W x 2 fixture
10 Fencing 6765 9020 11275 13530

Source: GOR, Jaipur.

Farmers have to apply to the Horticulture department along with a demand
draft for Rs.10000, land ownership record, a tri-partite agreement among the
farmer, preferred empanelled supplier and the horticulture department, a
guotation from the selected empanelled firm, and a technical drawing of the
structure. Once all the applications are collected at Tehsil level, these are verified
for compliance with the eligibility criteria. If the applications are more than the
quota, a lottery is conducted in the presence of District Collector. A
seniority/waiting list is created. If a farmer's name features in the lottery list,
he/she has to deposit his 14 percent share minus Rs.10000 with the select firm.
Based on the confirmation of the receipt of farmer’s share work orders are issued

by the Horticulture Department of the state government.

4.3 Findings from Field Survey Data

e Data were collected from 125 sample households comprised of 100
households those who have installed solar irrigation pump with support of

subsidy (beneficiary farmer household), 5 sample households who have
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installed solarizied irrigation pump on their own (without any subsidy non-
beneficiary farmer household) and 20 sample households who have not yet got
subsidy nor installed solar irrigation pumps on their farm (non adopters-control
group).

e |t was observed that except few respondents from beneficiary category, all
other selected households from all groups (beneficiary, non-beneficiary and
non-adopter category respondents) were male. This indicates farming decisions
and adoption of new technology on farm related decision were taken by the
male, thus dominance of male could be seen despite of the fact that female

contribution is highly significant in the farming and dairying.

e The average age of all the respondents of selected respondents was around 50
years while average family size of household was relatively larger in case of
beneficiary households (6.91 person), than non-beneficiary and non adopters
households (5.4 and 5.3 members respectively). Out of total adult family
members in the family, more than 70 per cent were actively participating in the

farming.

e The education status of selected respondents indicate the average education
level up to 8 years, while non beneficiary households were relatively more
educated (around 11 years) than other groups. The figures on average level of
education of respondents indicate that lower level of education among

selected respondents.

e The religion-wise distribution of selected respondents indicate that out of total
selected households, about 94 per cent households belongs to hindu religion
while remaining were from Muslim and Sikh religions. Among the three groups
of respondents, same trend was observed except relative high share of Sikh
religion among non-beneficiary households as about one fifth of non-
beneficiary households were from Sikh religion. In case of social caste
distribution, on an average, dominance of other backward class category
households was observed followed by households from general category and
scheduled caste category. The other backward caste followed by open category

comprised beneficiary household group, while opposite composition of
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households was observed in case of non beneficiary households. Besides,
Open and OBC category households, scheduled caste households were also
among selected households under non-adopters group. Thus, at overall level,
backward class category respondent dominated the sample followed by
general category and then scheduled caste, while very meager share was of

Scheduled Tribe respondents

The details on economic characteristics of the selected households indicate
that more than 90 per cent of total beneficiary and non-adopter households
were having farming as their principal occupation while three fourth of total
non-beneficiary households had service as their principal occupation. Animal
husbandry and dairying followed by agriculture labour was subsidiary
occupation of beneficiary and non-adopters, while crop cultivation followed by
agriculture labour was subsidiary occupation of non-beneficiary households.
The main occupation of the selected households was agriculture comprised of
cultivation of land as a farmer along with supportive allied activity of animal

husbandry and dairying.

The average years of farming experience of the respondents was around 29
years, which shows that most of the respondents were in farming business
since their young age. The income level of both beneficiary and non-beneficiary
households as around 98 percent and 50 per cent non-adopter of households
are categorized above poverty line. The trend was observed in case of dwelling
structure where about 98 per cent households of beneficiary member have
pucca structure while in non- beneficiary and non adopter category only 60 per

cent and 45 per cent household has pacca house structure.

On an average, land holding size of selected beneficiary households was 1.21
ha categorizing them as small land holders’ group, while non-adopters had
much lesser land holing of 0.91 ha as marginal land holders, While
corresponding figure for non-beneficiary households was 6.10 ha, indicating
larger size of holdings as medium size land holders. Moreover, we also found
that the who were having solar water pump had taken land on leasing-in while
none of them leasing out the land. Non-beneficiary farmer households had

taken larger size of land on leased-in (0.75 hectare) as compared to beneficiary
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households (0.01 ha), this might be because the non beneficiary farmers are
comparatively wealthy farmers and have more capital than the other two

groups.

e (Qut of the total operational land holdings with selected households, almost all
land under operation of non-beneficiary household was under irrigation, while
in case of beneficiary households, about 80 per cent land was under irrigation
coverage. The non-adopter households could irrigated their three fifth of total
operational holdings with available sources of irrigation. Thus, despite of
having the large size of land holdings, non-beneficiary had sufficient water and
sources of irrigation to irrigate the crop. Due to such sound background of
having all land coverage with irrigation, the assured returns must have pushed
the farmers to invest in installation of solar pumps on their farm with their own

expenditure, i.e. without any subsidy.

e After solarisation, changes in cropped and irrigated area were observed in case
of selected beneficiary households. Area under cropped as well as irrigated
area was increased by around 17 percent, despite of same cropping intensity
was constant. The share of area sown to gross cropped area during kharif and
summer season has shown meager increase. Area under irrigation by type of
irrigation method has shown some changes after solarisation as compared to
situation prevailed during pre-solarisation period of beneficiary farms. The area
irrigated by flood method of irrigation has declined by about 30 per cent which
must have due to adoption of sprinker and drip method of irrigations. The area
under rainfed condition has also shown declined trend. Overall the total gross
cropped area has increased about 17 per cent after solarisation. The
transformational impact of irrigation is evident in solar water pump Scheme,
where solar pumps were used to expand the coverage of the scheme from 40
to 50 hectares. More than 50 per cent beneficiary household area
transformation from gravity-fed irrigation to sprinkler and drip irrigation with
additional solar booster pumps have been deployed to pump water into a

storage reservoir.

e The changes in net sown area, gross cropped area and cropping intensity of

sample non-beneficiary households indicate that after solarisation, after
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solarisation, significant growth in gross irrigated area and gross cropped area
was recorded, that to increase in irrigated area was more than cropped area.
Due to which cropping intensity has changed by around 13 per cent points
after solarisation as compared to before solarisation year. The increase in area
under irrigation may be due to assured and quality power supply through solar

during convenient timings during day time for irrigation.

In case of non-beneficiary households, area irrigated by flood method of
irrigation has declined by about 28 per cent. Also rainfed area has declined by
43 per cent after solarisation. While area irrigated through the use of micro
irrigation equipments such as sprinkler and drip has recorded significant
increase. Overall the total gross cropped area has increased about by 26.04
per cent after solarisation. As increase in gross cropped area was higher for
non-beneficiary than the beneficiary may to due to the fact that non beneficiary
farmers are economically strong and diesel pump owners, had shifted to solar
pumps to avail benefits such as zero operational costs, ease of use throughout

the day and cost savings on diesel.

In case of non-adopter, cropping intensify was 166 per cent mainly because of

more than four fifth of total cropped area having irrigation coverage.

Before solarisation of irrigation pumps, out of selected solar water pumps
users, only 37 percent of beneficiary household had grid connection facility
available on their farm while all the non-beneficiary farmers had grid
connectivity to their irrigation pumps on farm. In case of rate charged towards
use of electricity, almost two third pumps of beneficiary households were
metered and remaining were charge in flat rate basis. While in case of non-
beneficiary households, all irrigation pump had meter and were charged on
meter use basis. Average irrigation expenditure per household per year was
estimated to be between Rs. 3200-3500/-. Despite of the fact that agriculture
require more hours of electricity supply to carry out agricultural operations
(irrigation, threshing, etc), selected respondents households reported that they
used to get hardly 6 hours of power supply in a day, which indicate the

pressure built on respondents to make use of new technology of solar energy.
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The selected households had multiple sources of water available for irrigation
and also used multiple method of irrigations such drip and sprinkler irrigation.
The average water depth was estimated to around 200 feet and water was
lifted through making use of diesel and electric pumps. The average distance of
canal/river water was about 1 kms from the field. Around two third of the
selected households had water storage facility on the farm, while no one has
made attempt to recharge the groundwater through adoption of any innovative
technique or practice. The main problem was observed with the availability of
electricity to farm connection which is hardly made available though grid for
eight hours in a day that to at inconvenient times, irrespective of season. Thus,
in order to irrigate the crop during day time with uninterrupted power supply,
the solar irrigation pump is the most suitable option available which selected

households have installed on their farm.

Changes in cropping pattern of sample beneficiary households indicate that
due to about 17 per cent increase in gross cropped area after solarisation,
area under fruits and vegetables, wheat and maize crop has significantly
increased during rabi and summer season. The change in cropping pattern was
relatively in favor of irrigated crops. During kharif season, major crops grown
were paddy, maize, groundnut, cotton, soybean while wheat and gram were
sown during rabi season. Due to availability of irrigation facility, crops such as

maize, moong, vegetables and fruits were grown during summer season.

Most of the households, who were previously growing little more than
subsistence crops of bajra, maize, soybean in kharif and wheat, gram and
mustard in rabi, could grow feed crops, earn income and benefit. After
solarisation, the numbers of crops grown have also increased. During survey,
respondents have reported that farm yields have increased to an average of 2
to 4 quintal per hectare. Irrigation enables farmers to grow three crops per
annum and rotate crops to grow a diversity of nutritious and cash crops, such
as vegetables and fruit crops and flowers also. This indicates that solarisation
helps to increase the area under cultivation during the summer season or

under the perennial with commercial crops like vegetables.
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While in case of non-beneficiary households, kharif season was the major
season. Crops were grown in all three seasons (kharif, rabi and summer) before
solarisation as well because of the fact that they are economically sound and
thus can make full use of water through diesel and electricity pump. While after
solarisation, the share in area of traditional crops such as jowar, moong, moth,
guar and bajra has decreased and area under other horticulture crops like
vegetables and fruits crops has increased. After solarisation, gross cropped
area of the non-beneficiary households has increased by 25 percent. It was
also observed that after solarisation, the numbers of crops grown during year
has been increased, as seen in case of beneficiary households. In Kkharif
season, the major crops grown were cotton, soybean and bajra while during
rabi season, wheat, gram and rapeseed & mustard crops were grown. The
fodder and vegetables crops were grown by the non beneficiary farmers during
summer season. The increase in share of the area under commercial crops,
fruits and vegetables and perennial crops indicate the benefit of solar energy

availability with selected non beneficiary households for irrigating the crops.

In case of non-adopters (control group) households, major crops grown during
Kharif season were bajra, moong, moth, groundnut, guar and other minor crops
while wheat, gram, rapeseed and mustard were major crops grown during rabi
season. It was very pleasant to note here is that significant area during
summer season was allotted under fodder crops indicates the scarcity of
fodder in the selected area. The distribution of area under irrigation by type of
irrigation method used by all non adopter farmers adopted flood irrigation

system.

The details on possession of irrigation pumps of selected households indicate
that Solar pumps essentially are a collection of solar PV panels, AC or DC
pumps and the associated electronics that have been optimized for high
efficiency operations. All non-beneficiary households have used submersible
DC pumps while in case of beneficiary households, 54 per cent households had
DC pumps on their farm. As a technology, while AC technology is now catching
up, DC technology is considered to be more suitable given the wider operating

range and higher efficiencies reported by beneficiary.
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The details about the installation of solar panels and availability of power with
selected beneficiary and non-beneficiary households indicate that land area
covered by the solar pump installed was around 4.8 ha in case of beneficiary
households while same was 4.4 ha in case of non-beneficiary households. All
the selected households had solar panels on farm. About two third of installed
solar PV panels were with automatic rotation system while remaining were with
manually rotation system. On an average 4-6 poles are were installed with
mean number of stand poles between 12-15, having average size of panel of 3
feet by 5 feet. Mean area covered by the each stand pole was around 5 feet by
5 feet. No installed solar panel have meter to record the power generated and
used. About 37 percent solar plants of beneficiary households and 5 percent of
non beneficiary households were connected to grid. None of farmers has
installed the solar power storage cell. The solar power generated mostly been
sued for agriculture purpose while few of beneficiary households used for
household purposes as well. None of the selected households had use solar
power to sell irrigation water to neighboring farmer, thus no additional income

through sale of water was reported.

Rajasthan comprises about 10.4 percent of India’s landmass in which 60 per
cent area are is desert and 5.5 percent of the total population but has only one
percent of the nation's water resources. Groundwater is either saline or
declining at a fast rate. The grid power supply available for only 5 to 6 hour for
form field and its very expensive. In such a scenario, selected households were
asked about the reasons for adoption of solar power generation unit on their
farm. The selected households have cited multiple reasons for choosing solar

on their farm.

About two third of beneficiary households mentioned that to avoid hassle of
irrigating crop irrigation during night hours was the major reason for adoption of
solar irrigation pump. More than 50 percent of selected households strongly
reported that they adopted the solar water pump due to costly diesel, followed
by non-availability of electricity connection, unreliability of electricity supply/
inconvenient grid supply timings, high electric bill. Few of the beneficiary

households wanted to try renewable technology as it is environment-friendly
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while few wanted to take advantage of subsidy being offered for installation of
solar pumps on farm. While in case of non-beneficiary households, major three
reasons quoted were saving electric bill followed by costly to run electric pumps
and inconvenient time of electric supply/costly diesel. Thus, findings about the
reasons for adoption of the solar water irrigation pump under different category
suggests that high cost of electricity along with inconvenient hours of electricity
supply and high cost of diesel has pushed the farmers to adopt pollution free

power generation thorugh solar.

Government of Rajasthan brought a new momentum in the space of solar
irrigation pumps by introducing 3 HP DC submersible pumps with 86 percent
subsidy scheme launched in 2011-12. There was also a 2 HP DC submersible
pump option, but there have been few takers for it. The State government
leveraged central financial assistance coming from MNRE and Agriculture
Ministry for the same. The state government provides 56 percent subsidy
under Rashtriya Krishi Vikas Yojana (RKVY) and the New and Renewable
Energy Ministry of Government of India provides the balance 30 percent under
Jawaharlal Nehru National Solar Mission (JNNSM). The project was
implemented through the Horticulture Society under the Agriculture department
of Government of Rajasthan. The beneficiaries had to pay 30 to 32 per cent of
the system cost. The agriculture department of Rajasthan provided 68-72 per
cent of total cost as subsidy through JNNMS and RKVY scheme. The cost of 5
HP solar pumps was about 30 to 33 per cent higher than 3 HP solar. It may be
noted that, the major sources of institutional credit was commercial banks
followed by cooperative banks, for both beneficiary and non-beneficiary
farmers. About 50 to 80 per cent amount had taken loan by beneficiary while
corresponding figure for non beneficiary household was 45 to 55 with interest
rate ranges between to 7 per cent. The cost of documentation incurred by
selected households was about Rs. 1111/- per households while in case of
non beneficiary households same was Rs. 1848/-. The expenditure of Rs.
1584/- was incurred towards installation by the beneficiary while

corresponding figure for non-beneficiary household was Rs. 1848/-.
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The process of installation of solar pump took almost 6-7 days while average
number of visits of representative of agency was more in case of non-
beneficiary (about 5 visits) compared to beneficiary households (about 3 visits).
The company-wise distribution of solar panels indicates that Jain lIrrigation
Company had supplied major share of pumps (as solar pump supplier) in both
groups. The other major suppliers were Shakti, Lubi, Tata Solar, Waaree, etc.
More than 95 per cent of selected respondents had received training/
demonstration about operating solar pump from solar water pump through
supplier agency while about more than 98 per cent of beneficiary and non
beneficiary household had satisfied with support services provided by agency
and quality of solar panels. More than 90 per cent responded are insured the

solar pump.

Government of Rajasthan had many times improved the policy and eligibility
criteria of receiving subsidy on solar water pump. The solar pump subsidy was
only available to the farmers who fulfill the basic criteria fixed for same such as
farmer should have farm ponds (diggi), had land at least 0.5 hectare (ha) land
and availability of micro irrigation instruments or ready to take solar with micro
irrigation and no grid connection. It can be seen in table 3.19 that more than

80 per cent beneficiary had fulfilled these conditions.

Storage tanks in different sizes are used to store the water that is pumped. The
water that is stored in the tank can be used for irrigation when needed. There
are different types of agricultural irrigation method used.. More than 90
percent beneficiary households had used solar with MIS while 100 per cent
non-beneficiary households have used MIS and Solar pump without subsidy. All
solar water pump users advise to others to adopt solarisation of irrigation
pumps with the information of the government policies in the solar irrigation
sector, particularly solar subsidies regard and economic benefit of solar
irrigation pump.

To supplement the intermittent and inadequate canal supply, many farmers
have also dug tubewells. It can be seen in table that the depth of water level is

was around 210 feet in case of beneficiary households during both the periods,
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while same has slightly increased to about 235 feet in case of non-beneficiary
users. The depth of groundwater was stagnant possibly may be due to farm

pond as recharger for ground water on beneficiary farm.

Diesel was used as fuel to drive the water pump during rabi season. On an
average about 4 litre of diesel was used per bigha watering of land by the
selected respondents and approximate expenditure of repair of diesel pump
was estimated to be between Rs. 8500-10000/- was incurred. Some of the
beneficiary and non beneficiary farmers had to incurred expenditure to the
tune of amount of Rs. 4581-/ and Rs. 6847/- towards repair of their electric
pumps. On an average, about more than two hours time was spent on
procuring diesel/petrol per week to fetch diesel from about 10-12 kms away
from village/farm. But after solarisation, not only large reduction in operational
and maintenance cost was observed but also complete removal of reliance on
fuel has been observed. It was surprising to note here is that no selected
respondent have commented on the excessive water withdrawal for long run as
well as on steps taken to curtail water withdrawal for self use as no one had
reported sale of water. Besides, no efforts were made by anyone respondents

to recharge water.

About 20 to 25 per cent respondent have realized that the crop productivity
have increased and about 40 to 45 per cent respondent have adopted the crop
diversity after adoption of solar which help them to increase the numbers of
crops in a season. They are now growing commercial crops and also reported
that the after solar, the productivity of traditional crop increased. None of
farmers of beneficiary and non-beneficiary has sold the water but the exchange
and borrow water from each other. Due to increase in availability of power
during convenient timings, farmers have diversified their cropping pattern
towards high value crops as well as some of them have noticed positive

increase in productivity of crops grown.

Solar panels are generally self cleaning, but in particularly dry areas or where
panel tilt is minimal, dust and other substances such as bird droppings can
build up over time and impact on the amount electricity generated by a module.

Grime and bird poop doesn’t need to cover an entire panel to have an effect.
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This is where cleaning solar panels may have to be done. As solar electricity
generation is depend on the exposure of solar panel surface area which may
over time get dusty and with other substances such as bird droppings can build
up over time may impact on the amount electricity generated by a module.
Therefore, regular cleaning of solar panels need to be carried out by the
farmers. It was observed that different time schedules are adopted by the
households for cleaning of solar panel surface and no similar pattern observed.
Two third of beneficiary households and one fourth of non-beneficiary
households has been cleaning the same twice in a week, half of the non-
beneficiary households and one tenth of beneficiary households clean solar
panel once in a week. The approximate time for cleaning the solar panel
surface is estimated to about 20-22 minutes. On average, 45 per cent of the
solar panels users clean the panels in once a week and 25 percent of the
respondents are cleaned twice in a week. The estimated time for the cleaning

of solar panels is 28 to 30 minutes.

e The experiences with solarized irrigation of selected households indicate that
ease of opinion and maintenance along with convenience time for irrigation
with output of water were major positive aspect of solarisation. The other
supportive factors of solarisations noted by the selected households were

reduction in use of fertilizers, use of micro-irrigation method.

e More than 90 per cent beneficiary and non beneficiary farmers had great
experience of solar i.e. ease of operation, ease to maintenance, less labour and
supervision required and the timing for irrigation are very convenience, used of
fertilizer decrease with increase of micro irrigation after solarisation. Some of
the selected respondents using electric pumps were dissatisfied with use of
electric pump due to its unreliable power supply, depleting water tables and

high expenditure on diesel.

e Solar pumping systems allow vital water resources to be accessed in remote
rural locations. Solar water pumps require no fuel and minimal maintenance.
All selected respondents reported the advantage of no cost of fuel followed by
no maintenance cost and quality of power supply. The other advantages

reported by respondents were no harassment of irrigating crop in night, saving
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on labour cost, almost no monthly cost of operation and no harassment of

fetching diesel.

e Most of the selected households mentioned the two prominent disadvantages
of solar panels such as it require a huge initial investment and only can be
used during sunny days. As installation of solar panel requires usually around
Rs. 4.5 lakhs to 6.5 lakhs depending on the size of the panel and horse power
of solar panel. This is the main reason that discourages people to install solar
panels. Unfortunately, sun doesn’t shine 24 hours, and solar power relies on it.
Since solar electricity storage is not yet fully developed, so it can be used

during sunny days.

e About 79 per cent of farmers had given first preference to lack of fund for non
adopting water pump followed by hesitation to invest/ lack of confidence/ risk
averse (66.05%), less land, unviable for investment on solar pump (57.40%),
opposition from family members (56.55%). unviable for investment on solar
pump, Subsidy is insufficient, ground water is at great depth, unsuitable for

solar and came to know about it much later.

e About 70 per cent non-adopter HH has suggested that the criteria of subsidy
should be relaxed and need to increase subsidy rate. About 40 per cent
respondents had suggested that the portability of grid connectivity to solar
irrigation pumps should be made and awareness about solar irrigation pump

Scheme need to be increased.

4.4 Policy Implications:

e Both the central and state governments have policies and incentives place
to grow the use of solar pumps in the irrigation sector. However there is a
felt need for raising awareness among farming community and for putting

project delivery mechanism in place.

e Presently, cost of solar pump appears to be high for individual farmer. Large
scale adoption and production will lead to cost cutting. Community based
projects can reach out to marginal farmers and other low-income group

individuals.
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e Feasible costing and assistance from state/ central government will
encourage more farmers to opt for the technology. With partnership of state
energy departments, Vidyut Vitaran Nigams, and private partners,

technology can be disseminated at large scale.

e Portability of grid connectivity to solar irrigation pumps should be made and

awareness about solar irrigation pump scheme need to be increased.

e Majority of the beneficiary farmers suggested that solarized irrigation could
be expanded if the SIPs were made more user-friendly in terms of their
requirement of space, technical features as well as financing; including that

for insurance.

e Solar cooperative need to established and individual SIPs in group under
cooperative structure can be connected with the grid in order to evacuate
the surplus power generated there from into the grid, it could not only
prevent the wastage of solar power but also provide the farmers with a

supplementary source of income by way of selling solar power.

e The farmers were also in need of awareness about insurance and its

coverage against risks of damage of SIPs or theft of their solar panels.

e Also, the procedure for availing subsidy should be simplified and the criteria
for eligibility should be relaxed so as to include more farmers as

beneficiaries

e C(Clearly, more needs to be done in the direction of convincing the farmers
about the advantages of solarized irrigation per se, so that they would come
forward to adopt in large numbers, regardless of the subsidy on offer or the

initial capital costs thereof.

e There is a need of innovative policies for governing ground water level in a
sustainable way. There is a need for metering agriculture water use and

total water extraction by farmers using solar, electric or diesel pump.
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Annexure |: Power Supply Position in the Country (2009-10 to 2018-19)
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2009- - - - -
10 8,330,594 | 7,46,644 | 83,950 | 10.1 | 1,19,166 | 1,04,009 | 15,157 | 12.7
2010- - -
11 8,61,591 | 7,88,355 | 73,236 | -8.5 | 1,22,287 | 1,10,256 | 12,031 | 9.8
2011- - - -
12 9,37,199 | 8,57,886 | 79,313 | -8.5 | 1,30,006 | 1,16,191 | 13,815 | 10.6
2012- - -
13 9,95,557 | 9,08,652 | 86,905 | -8.7 | 1,35,453 | 1,23,294 | 12,159 | -9
2013- i
14 10,02,257 | 9,569,829 | 42428 | -4.2 | 1,35,918 | 1,29,815 | -6,103 | -4.5
2014- -
15 10,68,923 | 10,30,785 | 38,138 | -3.6 | 1,48,166 | 1,41,160 | -7,006 | -4.7
2015- i
16 11,14,408 | 10,90,850 | 23,558 | -2.1 | 1,563,366 | 1,48,463 | -4,903 | -3.2
2016-
17 11,42,929 | 11,35,334 | -7,595 | -0.7 | 1,59,542 | 1,56,934 | -2,608 | -1.6
2017-
18 12,142,134 | 12,03,567 | -8,567 | -0.7 | 1,64,066 | 1,60,752 | -3,314 -2
2018-
19* 7,69,399 | 7,64,627 | -4,773 | -0.6 | 1,77,022 | 1,75,528 | -1,494 | -0.8

Source: * Upto October 2018 (Provisional),

Source: CEA- Central Electricity Authority https://powermin.nic.in/en/content/power-sector-glance-all-india.
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Annexure Il; State-wise Power Generation from Various Renewable Energy Sources in India
(2016-2017)
(In Mega Watts)

Sl. States/ Wind Small Bio-Energy Solar Total
No. UTs Power Hydro
Power s
B = 2% | 25
g2 o | &35
3@ s | 35
m @ o =
o
1 Andhra Pradesh 14497 978 578 | 300 123 38440 54916
2 Arunachal Pradesh 236 1341 8 8650 10236
3 Assam 112 239 212 8 13760 14330
4 Bihar 144 223 619 | 300 73 11200 12559
5 Chhattisgarh 314 1107 236 24 18270 19951
6 Goa 7 26 880 912
7 Gujarat 35071 202 1221 | 350 112 35770 72726
8 Haryana 93 110 1333 | 350 24 4560 6470
9 Himachal Pradesh 64 2398 142 2 33840 36446
10 | Jammu & Kashmir 5685 1431 43 111050 | 118208
11 | Jharkhand 91 209 90 10 18180 18580
12 | Karnataka 13593 4141 1131 | 450 24700 44015
13 | Kerala 837 704 1044 36 6110 8732
14 | Madhya Pradesh 2931 820 1364 78 61660 66853
15 | Maharashtra 5961 794 1887 | 1250 | 287 64320 74500
16 | Manipur 56 109 13 2 10630 10811
17 | Meghalaya 82 230 11 2 5860 6185
18 | Mizoram 169 1 2 9090 9261
19 | Nagaland 16 197 10 7290 7513
20 | Orissa 1384 295 246 22 25780 27728
21 | Punjab 441 3172 | 300 45 2810 6768
22 | Rajasthan 5050 57 1039 62 142310 | 148518
23 | Sikkim 98 267 2 4940 5307
24 | Tamil Nadu 14152 660 1070 | 450 151 17670 34152
25 | Telangana 20410 20410
26 | Tripura 47 3 2 2080 2131
27 | Uttar Pradesh 1260 461 1617 | 1250 | 176 22830 27593
28 | Uttarakhand 534 1708 24 5 16800 19071
29 | West Bengal 22 396 396 148 6260 7222
Andaman &
30 | Nicobar 365 8 0 373
31 | Chandigarh 6 0 6
Dadra & Nagar
32 | Haveli 0 0
33 | Daman & Diu 4 0 4
34 | Delhi 131 2050 2181
35 | Lakshadweep 0 0
36 | Puducherry 120 3 0 123
37 | Others 1022 790 1812
Total 102772 19749 17536 | 5000 | 2554 | 748990 | 896602

Source: https://mnre.gov.in/file-manager/annual-report/2016-2017/EN/pdf/1.pdf
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Annexure llI: Total Installed Capacity (as on 31.10.2018)

Annexures

Sr. | Fuel MW % of
No. Total
A | Total Thermal 2,221,768 | 64.10%
Coal 1,95,993 | 56.60%
Gas 24,937 7.20%
0oil 838 0.20%
B | Hydro (Renewable) 45,487 | 13.10%
C | Nuclear 6,780 2.00%
D | RES* (MNRE) 72,013 | 20.80%
Total | 346,048

Notes: * Installed capacity in respect of RES (MNRE) as on 30.06.2018; RES (Renewable Energy
Sources) include Small Hydro Project, Biomass Gasifier, Biomass Power, Urban & Industrial Waste
Power, Solar and Wind Energy.
Source: https://powermin.nic.in/en/content/power-sector-glance-all-india

Annexure IV: Grid Connected Targets for Solar Power Installations

MW Grid Connected Targets for Solar Power Installations
2015- 2016- 2017- 2018- 2019- 2020- 2021- Total
16 17 18 19 20 21 22
Rooftop 200 4800 5000 6000 7000 8000 9000 | 40000
Solar
Ground 1800 7200 10000 | 10000 | 10000 9500 8500 | 57000
Mounted
Solar
Total 2000 12000 | 15000 | 16000 | 17000 17500 | 17500 | 97000
Source: http://mnre.gov.in/file-manager/grid-solar/100000MW-Grid-Connected-Solar-Power-Projects-

by-2021-22.pdf
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Annexure V: Growth of Electricity Consumption in India

Growth of Electricity Consumption in India

% of Total _

é = © ) gf
Year g % f:) -q:‘j g § g 3 % E

2= £ £ S 3 3 = SES

8 8| E | E| & | ® 5
31-Dec-1947 4,182 10.11 4.26 70.78 | 6.62 2.99 5.24 16.3
31-Dec-1950 5,610 9.36 5.51 72.32 | 5.49 2.89 4.44 18.2
31-Mar-1956 10,150 9.20 5.38 74.03 | 3.99 3.11 4.29 30.9
31-Mar-1961 16,804 8.88 5.05 7467 | 2.70 4.96 3.75 45.9
31-Mar-1966 30,455 7.73 5.42 74.19 | 3.47 6.21 2.97 73.9
31-Mar-1974 55,557 8.36 5.38 68.02 2.76 11.36 4.13 126.2
31-Mar-1979 84,005 9.02 5.15 64.81 | 2.60 | 1432 | 4.10 171.6
31-Mar-1985 124,569 12.45 5.57 59.02 | 2.31 | 16.83 | 3.83 228.7
31-Mar-1990 195,098 15.16 4.89 51.45 | 2.09 | 2258 | 3.83 329.2
31-Mar-1997 315,294 17.53 5.56 4417 | 2.09 | 26.65 | 4.01 464.6
31-Mar-2002 374,670 21.27 6.44 4257 | 2.16 | 21.80 | 5.75 671.9
31-Mar-2007 525,672 21.12 7.65 45.89 2.05 18.84 4.45 559.2
31-March-2012 785,194 22.00 8.00 45.00 | 2.00 | 18.00 | 5.00 883.6
31-March-2013 824,301 22.29 8.83 4440 | 171 | 17.89 | 4.88 914.4
31-March-2014 881,562 22.95 8.80 43.17 1.75 18.19 5.14 957
31-March-2015 938,823 23.53 8.77 42,10 | 1.79 | 1845 | 5.37 1010.0
31-March-2016 | 1,001,191 | 23.86 8.59 4230 | 166 | 17.30 | 6.29 1075
31-March-2017 1,066,268 | 24.32 9.22 40.01 1.61 18.33 6.50 1122
31-March-2018 | 1,130,244 | 24.20 8.51 41.48 | 1.27 | 18.08 | 6.47 1149

Source:

128




Annexure VI: Consumption of Electricity for Agricultural Purposes

Annexures

Consumption for

Total Consumption

% Share of Agricultural

Year Agricultural (GWh) Consumpt?on to total
Purposes (GWh) Consumption

1983-84 18234 102344 17.82
1984-85 20960 114068 18.38
1985-86 23422 122999 19.04
1986-87 29444 135952 21.66
1987-88 35267 145613 24.22
1988-89 38878 160196 24.27
1989-90 44056 195419 25.11
1990-91 50321 190357 26.44
1991-92 58557 207645 28.2
1992-93 63328 220674 28.7
1993-94 70699 238569 29.63
1994-95 79301 259630 30.54
1995-96 85732 277029 30.95
1996-97 84019 280206 29.98
1997-98 91242 296749 30.75
1998-99 97195 309734 31.38
1999-00 90934 312841 29.07
2000-01 84729 316600 26.76
2001-02 81673 322459 25.33
2002-03 84486 339598 24.88
2003-04 87089 360937 24.13
2004-05 88555 386134 22.93
2005-06 90292 411887 21.92
2006-07 99023 455748 21.73
2007-08 104182 501977 20.75
2008-09 107776 527564 20.43
2009-10 119492 569618 20.98
2010-11 126377 616969 20.48
2011-12 140960 672933 20.95
2012-13 147462 708843 20.8
2013-14 152744 751908 20.31
2014-15 168913 814250 20.74

Source: GOI (2017).
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Annexure VII: State-wise Consumption of Electricity for Agriculture purpose in 2013-14

_ Coqsumption for Total Energy % Share of
Region State/UT Agriculture Purpose sold (GWh) Coqsumpt|on for
(GWh) Agriculture
Northern Haryana 8535.22 29082.52 29.35
Himachal Pradesh 47.64 7649.49 0.62
Jammu & Kashmir 280.73 5754.36 4.88
Punjab 10223.57 37556.79 27.22
Rajasthan 17262.84 43151 40.01
Uttar Pradesh 10210.93 59176.69 17.25
Uttarakhand 343.99 9596.89 3.58
Chandigarh 1.46 1419.27 0.1
Delhi 29.23 23980.79 0.12
Sub-Total 46935.61 217367.8 21.59
Western Gujarat 14729.72 66877.5 22.02
Madhya Pradesh 11858.49 36770.45 32.25
Chhattisgarh 2492.2 14791.14 16.85
Maharashtra 22257.94 100842.25 22.07
Goa 21 3085.2 0.68
Daman & Diu 3.15 1818.54 0.17
D. & N. Haveli 3.82 5189.51 0.07
Sub-Total 51366.32 229374.59 22.39
Southern Andhra Pradesh 21857.35 72919.24 29.97
Karnataka 18077.62 53716.25 33.65
Kerala 317.81 18024.6 1.76
Tamil Nadu 12295 71772.37 17.13
Puducherry 57 2531.92 2.25
Lakshdweep 0 41.03 0
Sub-Total 52604.78 219005.41 24.02
Eastern Bihar 321.79 7979.71 4.03
Jharkhand 92.4 18174.64 0.51
Odisha 171.82 14411.46 1.19
West Bengal 1183.15 36591.59 3.23
A. & N. Islands 0.88 215.77 0.41
Sikkim 0 404.71 0
Sub-Total 1770.04 77777.88 2.28
North
Eastern Assam 36 4763 0.76
Manipur 1.66 397.96 0.42
Nagaland 0.05 394.5 0.01
Tripura 29.56 722.28 4.09
Arunachal Pradesh 0.06 480.52 0.01
Mizoram 0.06 302.79 0.02
Sub-Total(NER) 67.59 8382.56 0.81
Total (All India) 152744.34 751908.24 20.31

Note: GWh: Giga Watt-hour,
Source: Central Electricity Authority, New Delhi; Source: GOl (2017).
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Annexures

Annexure VIII: Types and Configuration of Solar Pumps

(a) Types of Pump
Surface Pump: Placed besides the water source (lake, well, etc.).
Submersible Pump: Placed in the water source.
Floating pump: Placed on top of the water.

(b) There are three main solar water pumping configurations used in India:

¢ Brushless Direct Current (DC) pump: Highest efficiency, low maintenance,
but higher cost compared to other pumping technologies.

e DC positive displacement pump: Less efficient than brushless motors but
performs well under low power conditions, and can achieve high lift.

e 3 AC centrifugal pump: Not as efficient as DC pumps, yet, reasonably
priced, easily available/ serviced and deep reaching, making it currently the
most preferred choice among users and system integrators.

(c) Components of a solar PV water pumping system:

e Solar PV array: The Solar PV array is a set of photovoltaic modules
connected in series and possibly strings of modules connected in parallel.

e Controller: The Controller is an electronic device which matches the PV
power to the motor and regulates the operation of the pump according to
the input from the solar PV array.

e Pump Set: Pump sets generally comprise of the motor, which drives the

operation and the actual pump which moves the water under pressure.

(d) Water pumping motors are “alternating current’ (AC) or “direct current’ (DC):

e AC Motors: AC Motors require inverters to convert DC to AC. Solar pumping
systems use special electronically controlled variable-frequency inverters,
which optimises matching between the panel and the pump.

e DC Motor: The DC Motors with permanent magnet are generally more
efficient. DC Motors may be with or without carbon brushes. DC motors with
carbon brushes need to be replaced after approximately every 2 years.
Brushless designs require electronic commutation. Brushless DC Motors

are becoming popular in the solar water pumps.
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(e) Main solar water pump technologies:

Centrifugal Pump: Centrifugal pump uses high-speed rotation to suck in
water through the middle of the pump. Most AC pumps use such a
centrifugal impeller.

Positive Displacement Pump: The positive displacement pump is currently
being used in many solar water pumps. The pump transfers water into a

chamber and then forces it out using a piston or helical screw.
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Tentative Categorywise & Districtwise Targets of Solar Pump Project 2014-15

P IMIR TR T b FAE o1l

(in Nos.)
Total
S. No.| Districts T’:;:;lts > HP Total 3 HP Total Cat;it:;};:vlse G.T.
Gen |SCP | TSP Gen |[SCP | TSP Gen |SCP | TSP

1 | Ajmer 50 16 3 2| 21 20 5 41 29 36 8 6 50
2 | Alwar 30 9 2 1 12 13 3 2 18 22 5 3 30
3 Bansawara 25 7 2 1 10 11 2 2 15 18 4 3 25
4 | Baran 20 6 1 1 8 9 2 1 12 15 3 2 20
5 | Barmer 25 7 2 1 10 11 2 2 15 18 4 3 25
6 | Bharatpur 20 6 1 1 8 9 2 1 12 15 3 2 20
7 | Bhilwara 180 531 12 91 74 76 | 17| 13| 106 129 | 29 | 22 180
8 | Bikaner 375 111 25| 19| 155 159 35| 26| 220 | 270 | 60 | 45 375
9 | Bundi 20 6 1 1 8 9 1 12 15 3 20
10 | Chittorgarh 75 22 5 4| 31 32 51 44 54 12 75
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Total
S.No. Districts TTa‘r’;lts SHP Total 3HP Total | Categorywise | G.T.
Target
Gen | SCP | TSP Gen |SCP | TSP Gen |SCP | TSP
11 | Churu 20 6 1 1 8 9 2 1 12 15 3 2 20
12 | Dausa 25 7 2 1 10 11 2 2] 15 18 4 3 25
13 | Dholpur 10 3 1 0 4 4 1 1 6 7 2 1 10
14 | Dungarpur 30 9 2 1 12 13 3 2| 18 22 5 3 30
15 | Hanumangarh 225 67| 15| 11 93 95| 21| 16| 132 162 | 36 | 27 225
16 | Jaipur 450 134 30| 22| 186 190 | 42| 32| 264 | 324 | 72 | 54 450
17 | Jaisalmer 100 29 7 51 41 43 9 71 59 72 16 | 12 100
18 | Jalore 40 12 3 2| 17 16 4 3] 23 28 7 5 40
19 | Jhalawar 50 16 3 2| 21 20 5 41 29 36 8 6 50
20 | Jhunujhunu 75 22 5 41 31 32 7 51 44 54 12 9 75
21 | Jodhpur 50 16 3 2| 21 20 5 41 29 36 8 6 50
22 | Karoli 20 6 1 1 8 9 2 1 12 15 3 2 20
23 | Kota 35 10 2 2| 14 16 3 2| 21 26 5 4 35
24 | Nagaur 35 10 2 2| 14 16 3 2| 21 26 5 4 35
25 | Pali 50 16 3 2| 21 20 5 41 29 36 8 6 50
26 | Pratapgarh 50 16 3 2|1 21 20 5 41 29 36 8 6 50
27 | Rajsamand 30 9 2 1 12 13 3 2| 18 22 5 3 30
28 i:::iilopur 45 14 3 21 19 19 4 31 26 33 7 5 45
29 Shri 350 105 23| 17| 145 147 | 33| 25| 205 | 252 | 56 | 42 350
Ganganagar
30 | Sikar 270 81| 18| 13| 112 114 | 25| 19| 158 | 195 | 43 | 32 270
31 | Sirohi 20 6 1 8 9 12 15 3 20
32 | Tonk 60 18 4 31 25 25 41 35 43 10 60
33 | Udaipur 40 12 3 2| 17 16 3] 23 28 7 40
Grand Total 2900 | 870 | 191 | 139 | 1200 | 1223 | 273 | 204 | 1700 | 2093 | 464 | 343 2900
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AEeRI @1 a¥rar |l MEiRd &1 SIafl, s s1-egd Hudl & WIH W
1 3ffereh &l b1 R # I7 HidbT (AT Ah | I Gl Bl G 3fede],
STl HDS U @elde’ WR WR fhar SIRATT |

10. Tl SE™ TGN gRT AR oIl MR g7y gRIASTHT & I=avd aafd

RYD! Bl T FRT G AT SR T DI B P2 dried Afed drs
R T BT S |

11, AT R & AFAR Tl HDS gRT =AM H¥h A Aok g9 fHEiar

BRGRT BH B B TKId HH & IWRI YRGS Wigfa FeiRa
U (Herd 5) H Marell SIenfl | umme wigfa @ Uit aq g @l
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UM MQued, Wusy 9U Feed S 9 gwEid FEiar of hed /
A g7 IR B SR |

12. Y9I gl @l 15 {39 &1 /@l § ®yd gRT UK 037 °10,000 &
3ITaT Iy R HDS IT e €1 Hafera fHfar &1 SHr ox1s SR | 39
SR HIF YTl §RT WIgC 1 [IRga Faeor Bl qeg=~ fhar e |

13. @YD A A 10,000 BT YA DD/ RTGS & HAEIH H HDS §RT AR
AT &1 gemafTe Wi SR fBar St |

14. Y% 3T UG P Ja W DHDS WR A HrRAQy ORI fhar SR
(HeT = —6) | UBel HYDH IMYA STAT BRI dlel HUDI DI DHRATGEY AR
Al |

15. FRIYd gdldg Ml g1 $ueh 331 R o dRd 8 Frd fore
SHIs 9 MQemed &I Gid wd gd JaTeiy @ifdead 45 f&a9) Arer g
EJRSIERTE

16. FHd ARl gRT MQeme &1 ATl JATYfd BT AU B Gal
FeIRT gz (Feri= 7) # Msrarn g drfds fgeia =Ror &1 gras fbar S
D |

17. 9d Eeg FEAT gRT RMUE &R (GEiey SN 89 & 45 feaw #
Jmgfcl g 20 A H MU= BRI) T~ FHIAT BN |

18. DHDS WR ¥ HIH WIUAT & 7 fQaq # |IF &1 MEiRd yua AR wlifdd
YA fHAT S (Helt™ 8 1&11) | wIfdd FATIT B MaTIdDT & AR
Feemer WR 4 SifaRad gell &1 o+ fHAr S Fa |

19. 91fd® e o Rure Fafa renm gasal g1 uiRa yox (Ferd 9) A
FQemed & URgd &1 ST | R SR =R BT qIaE g fhar S
b |

20. AR IS U GRATSHT & JIR— TR Bl de1dl & 9 qhb-ild] gl &l
MR 39 8] RV JATEIH b=/ FY 5 s/ Jowd T69/
WHR Y BH W A HoR g7 @ &)+ R FIAER e <F
B |

11. 3R YA aROT

1. YIaE — ¥Rl / DHDS/ I Meened gRT gwfd Hiar ®H &1 3
RO H b Se—
(31) WIF SMYfc] PG UR 30 YRR $HYS [Z&T AR &1 qIraH
DHDS /%Ydh & &R W |
@) HYP & Wd R A AT Td FIF & Uig a9 Fel AT dI TR
@ UC FIF AN BT 10 Uferd 9 RS & U H UK HIA W
40 gfera T &7 YA e e gRT|
() oy 30 ufera Il e e gRI—
1. {YB Wd W Fholdl Jadb FIF A0 B Yol & W |
2. fFeiRa <1 grr AR SO o/ U &1 HIfds IQmud R W) |




Solar Pump Porject 2014-15
12. Mfdd FAT=

1. A1 AT T Ahadydd A0 Bl & Hifdd daamd 7 fGaq | e
SIEN

2. #Td AMYfd BT Hifcies A TP B FTBRI/ BN AHRY / TP
e / SUeYId WR & BH A HH Udh FEHR] gRT fhar o |

3. WMUT §IF & HIfdd FAUA 3 HaRI &l §RT fhAT ST | s99 HiY /
UM [T & WD HiY JUGRI WR AT SHA SR & aI BRI T2l
Uh WS AfYI=T RRECL /3o faumm/ umior o fawrr/  Rren
Holdex §RIT ANHG HeId MAAAT / RHDS §RT AT 81T |

4. 9AId TG JARIG IUMQD BY/ I I FE-¥b Fqed Hiy /
ST &1 SR # |

5. Wifdes AU & QIR AIH DI BIel W o o1 |

6. ¥l T B WD H¥ JBR TR I 5T IW & Gy faumT /
e gRYg & IfIerT Y arfdraa &6 |

7. BRI ARHAT Ud BRI BT T UG HA & JAd 39 8 RHDS ®R A
faRiysl ARl 8RR @1 I Wbl 2 |

13. gAag fatamil @ alia

1. gddg FEidr & 1ffgd SRR gRT ®ye &1 fOxgd |d fhar STar |33
U HT dh-Id! S8/ fSoie TR fHar e |

2. foHIaT §RT BYS BI FIF FATed Ud RWRWTG Bl A=Yl U b1 ST
Ud HIF & AT [9gall IR HuS URIET0T SRS fHaT S |

3. TSSIEA & AR RAfdd BRI A= BRIAT SITeTT |

4. JAYfTHhdisll gRT U AR Holl ARMRT G GRATSTAT & Alregel AT
S B fSSsa afeld ay, 97T, dle Bl ddh-dl BT I Hed B IR 8 |

5. AR SOl U FIF WRATUAT ¥ Jd GRS §RT HY6 & UM & o
WR / SUAIdl $1 RO 3o faRivs | HRarpR g GiHrRed d¥f Bl
fha &odl &1 o dT Rl Sfd, U™ BT g /U IURIT e
AT # 9 BT St T8 8 IR B @ RER @R | ([eE— 399)

6. I B UICH SAIER dlel -18% IS AR IOl A & ATUGUS] & AR
B |

7. 9R U/ ATSYS 125 WP AT SAY IfH &\ar & i |

8. AT u® amgfd By S el Afeddd / UAd ®I IV-Curve DHDS &l
TR T |

9. 3MYfdd ATl T YUl fdaror 9 AUGUs, fSSied d T FwfHd fre
SHIS Bl SUTEl BT BT |

10. gIgg FEidr gRT Feeed «R & g 9 N-fe®@= e dxarn S
3ffrar BT |

1. qaeg Fofar e di-fea MReor & oy 15 g qd feeme &t

o
JIAd dAT T |
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12. Outsourcing fThY T AMM & T B WK SAHGN Gadg AT §RT &1
ST |

13. BTG /Y Wipld & 45 fdad ¥ HIF A1 Agfd gd 20 fead 4
RIYF BRI AR~ HIAT B8 | iR 3rafey # o= fbdl g |rd drRu
& faer & Rafy & AR 39 (45+20) o] g0f |

14. 999 @ U 99 P TRUST qAT $Hd UTEN AN Ui ay T fdHd
UdIq T (After sales service) W&TH BT ST |

15. gAldg AT g§R1 d¥h & Wd WR WU AR T FIF B BT
(MafRa ATUgve JITHR) &1 BRI Ud AT ST SR |

16. FH1IAT gRT ¥ Wb Blesd (RHDS/DHDS/®@Y®) Bl AGH HeX Bl SIHHR)
U HRATT BT |

17. I3 FATe 9 ERETG G- Qe gRADT (H=gard) i fb Hud g
=Y vTeT 9 &1, AR BT uere & SIdey |

18. fFHTAT gRT BeiR DIX AwexX WG fHar S @ e B Ja8R &)
STHHR UAd Wb Bloe? dl IUAE] BT BT |

19. fO9Te aul & WP—A1 =re] faxig oy & SRME WU Gl FIAT Bl F&A1
ST faei | 100 A1 399 31fd B9 o Reyfd # FAwIfa Sl ge=ared W
PEHR HIX Jvex RATUT fHIT ST MaeTF BT | 39 g U BH I HH
Uh dh-d! Afdd @7 SR 5T9a 9™, Adisd T%R 9 UdT GH=d
RTotT gop1S, Tl 9 JadTST U SUATE] BT BT |

20. 3R SRR ®¥ gRT oI H favrq o= auf dfeq =g fa<fig ad d&
500 AT SHH AP FIF IR o 2 A SR AT R HIEH HIR AR
WIUT HRAT R 7980 B9 A HH 5 ThIBIGHT 8N | §9db -H, HeTed
TR 9 Ud T HYB, STl ghly, JRATEd T Jddlse R U
BT BT |

21. WU BT M dTel |3AT @ STel SMaIdharaR f[auni dedEe o
JTATS B BT | T SIST UAH Hel- & U g dom U 994 @I+ &
Wﬁﬂﬁﬁmwﬁmﬁﬂ(@@—c’)ﬁmml

22 BRGRN ®H gRT WG FIAT BT YD ATl (STA—I, S[els—RIdw,
W—Wamﬁ—mﬁﬁ%%ﬁ@rwmﬁna&wﬁw
ST SP3BT IR HN BT |

23. BRIGR ®H §RI DI Pl IWREE (HHE) 9 AT Gl SIHHRI
& &1 ST |

24 BRUCRT HHE & WR 9 WIRWETT Tl Clauses @I TRIRAT 9 Urel=T
gH=d o SOl | e aERial o 999 9 G YR @ Wlee 3
Rafd ¥ STR—TER TFpR T HIeAT Us |

25. T UHR & Wiec B ol Slh, Cllbld, had, 3—Hel IT 3 Wb A
g B B Rfd & 99 o feadi # mdwde wU 9 dAlsc gHI e
SIRY | 59 UR BIIAIl &I S |
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26. BIACTT ®H I IUell B Sl © b I8 Wi A3 § WIR UIe bl Klh
Y fS9d o G35 Ribrgd & 5 Qqd 7 awaed ©u 9 Y a1 fhar o
D |
27. GIA & WARWMG HI B [A%Badr & Rafd § w4 & d6 TR RdAid &1
ST g dAT Ura AT 399 31 WA b WERGId B fABoldl IR BH Bl
DIl AT 7 Sl M B HRAE! B S A1, e Fo &1 sifcH
PR e feere, a1 A Iftd, RHDS &1 81T |

14. Y & TR

1. e U3 UG DA GAT HYD (2T IR STAT HRATT |

2. GIF B AT ATY[d UG U g I (BT M2 HH ¥ HH 60 II.HL) Ud
SERCINESERCICACIEIN

3. Wifde FAYA g 3 R0 & 9 ATl I d WY AT 3 URAR
& TR Aew &1 SuRefd gHfead & |

4, FIF B g1 BRIGRT BH RT BRI SIRAT | Aok 0 |39 & Ifad
RI— IG T GRAT B TR IR {YB DI 811 |

5. G & Ya—ga d bl Rl § Fafd ove & fdwe Feagar f[aide
DHRIATS! 3 H ™l ST Tl HIF =g ORI Bl Mg R Al IR
gl |

6. —urcl arga= |

15. AT BT JAF—crs fBar=ag=

AR U9 URISHT 8] AHCRR Sde< & BRI WId UR T | ATheddR Bl
YRIA & AT T IS SICT U B Bl HRIATEl FHEd [T gdhrs g
PRIGET BH §RT G &I ST | U AlSHT &1 fGaraa= ud ArfeRa
9 JMMETRT ATHSIIR I Bl |
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Government of Rajasthan

Commissionerate of Horticulture, Rajasthan, Jaipur ¥
No. F ()DH/Solat/EO1/2014-15/ A1) = 7}, Dated: £5.02.2015
All Member Secretary, DHDS / Dy. Director, Horticulture ........coeeu....
Assistant Director Horticulture ......... e i
Subject: Empanelment of SPV Manufactures under Solar Pumping Project 2014-15
(JNNSM & State Resources).
Please find herewith the tentative list of the manufacturers empanelled for SPV Solar
Pumping Programme for the year 20{4-15 —
' _
S.No, Name of Firm Address of Firm ‘ Contact No. Fax No.
I 2 - 3 4 ‘ 5
) 8172, Ist Floor, bhrl Aurbido Marg, 011-26547000, ‘ 011-
| Alpex Exports Pvt. Ltd. | Near Hero Honda Show Room, 26522132 26515355
Adhchini, New Delhi-17 - = (=
) / Ul ea. Sahi ad - 2 ] ; [ N
2| Central Electronics Ltd, (‘il'i_'j)d”s“”' Area, Sahibabad - 201010 | 150 5895151/2895165 |
' o 11-2216121
3 HBL Power Systems §-2-601, Road No. 10, Banjara Hills, ‘_’,ﬁ_§64219)(’2/3]0 0rt-
a2 catyade 1 o » a9 N
;Ltd. Hyderabad- 500034 | 52143139/40 ‘._.‘I(J-OJ%)_—-[
- “No. 31,32,33,34 & 37, Phase-1, ' '
4 HUV S"la‘f KTADB Industrial Arca, Dabaspel, 080-22633784 {
Technologies Py, Ltd.
[ Bangalure-562111 -
| .| Jain lrrigation Systems J(f."’“\‘; ﬁ"";;?“‘)’ I.J‘I‘;“,h,“i‘,%y Park, 1 (257.2260033/44 Ext. | 0257-
I T b LSRR, SRk AR g 803, 0141-2203515 2261155
R _42500| )
) Survey No. 236, Plot No. 2, Village -
0 JI PV SOLAR Pvt. Ltd. | Veraval (Shaper), District - Rajkot,
- Gujarat - 360024 _
. o 378, 10th cross, 4th Phase, Peenya 080-
v otk UgaPyt L. | pooniat Aves. Banglore: 560858 08825353330 28362347
- ' Plot-4, Software Units Layout, Hitec ; -
Lanco Solar Energy e : | 0124-6725200/677100 | O124-
apur, Hyderabad-5
3 — :122/ Madhapur, Hyderabad-500081 Ext. 2855 . 474107 |
Sardar Patel Ring Road, Nr, Bl_‘i}}lll o 079 N
9 |'LUBI Electronics School, Nana Chiloda, Dist. 079-39845300 ﬂ%,_l\_ 9y |
Gandhinagar, Gujarat- 382325 .
P 7, Camac Street, 3rd Floor, Azimganj (033) 24750337
10 Moder 3 . \ ; ’ ’ = - A
Modern Solar PVt Ltd. 1| 1i1e, Kolkata - 700017 65228530
Premier Solar Systems | 3rd Floor, VV Tower, larkhana Main | | 040-
i1 ¥ 40- Je
) Pvt. Ltd. Road, Secunderanbad-5000009. AP, 040-27 74441 3/16 I 277444487 |
o T . EEP7 ChE VY -
jg | PV Power Gl14, SEEPZ, SDF VII, - 43R AR 022- |
l'echnologies Pvi. le._J Andheri(East), MUMBAI - 400 096 42214801 |

ud G W, HAE SR WS, WUYI-302005
website: horticulture, rajasthan.gov.in, Email: rajasthan_mise@rediffimail.com
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[ o1d1- '

Rajasthan Electronics 2, Kanakpura Industrial Area, Sirsi e
1 ! - 2470139/
- & Instruments Ltd. Road, Jaipur, Rajasthan - 302012 B4it-2e4053] ;[ﬂgl l)
TATA Power Solar 4-B, M6-Uppal Plaza, Jasola, New o ' 080-
4 Systems Ltd. Delhi- 110025 ‘ LU 67772252

Conditions of empanelment:

.

[ 37

L

0.

The firms who conform to IEC certificate for their PV modules may opt the pump
model/ brand which have qualified in Solar Energy Centre, MNRE/ NISE /EQDC
/CPRI1/ IHITC or equivalent test.

The empanelled manufacturers have to declare their water output performance with
all possible configuration and commitment to follow the same on Rs.100 non judicial
stamp paper. They are also required to submit the declared designs as per EOJ poimnt
No. 11.3.1.V Both the documents need to be submitted within seven days failing
which the empanelment may be liable for cancellation automatically.

The information regarding water output performance is also to be submitted to the
district units.

The empanelled manufacturer have to submit the qualified test report to RHDS/
RREC from Solar Energy Centre, MNRE/ NISE /EQDC /CPRI / [HITC (or
equivalent approved by RHDS) for the particular pump model which is to be supplied
by the firm in the project. The subsidy payment will be released only alter submitting
the qualified test report.

If the installed pump does not qualify the MNRE norms in the test report, then the

supplier has to replace the same with the qualified pump model.
Provision of alternate manual tracking system will be provided in auto tacking
structures to combat the situations during nonworking of auto trackers.
The supply and commissioning of the system will be completed within 65 (45+20)
days after issuance of the work order. Each firm should achieve significant targets.
['he Toll free number will be communicated to the RHDS and concerned district units
within 15 days. :
The bill of quantities (BOQ) and the prescribed quotation of the firm will be
communicated to the district units and RHDS.

. The carbon credit of the project will be the sole authority of the RHDS/ Horticulture
Department and no any such claim of the empanelled firm will be entertained.

. The list of authorized agents/ dealers/ customer care centre/ service center as
submitted to Commissionerate is supposed (o be made available (o the concerned
offices and any change may be intimated.

. Execute an agreement on Rs. [00/~stamp lor due perlormance of obligation as por

terms & conditions of EOI within 07 days, failing which the empanelment may be

liable for cancellation automatically (EO1 32.2).

. Submit a performance security in the form of a bank guarantee of Rs. 100.00 lac,

shall be submitted with a validity of 1 year along with agreement (EO1 32.2).

. Submit a affidavit on Rs.100 non judicial stamp paper of not supplying SPV pump

anywhere in the country at lower rate compared to accepted rate(Base Rate) of
RHDS (L.1). :

U QY qad, Wi QR1 IS, S1AYR—302005
website: horticulture. rajasthan.gov.in, Email: rajasthan_mist@rediffimail.com
Ph. 0141-22276006, 2227706 Telefax 0141-2227840



I5. The subsidy calculation will be done on the L-1 rates which is

Base Rates for supplies are:

the base rate.

Ph. 0141-2227606, 2227706 Telefax 0141-222

7840

[ M { N I Ba_se Rate Base Réte—
Details DC/ AC St(:\lji:\nl::g Head (meter) | ___(Rs.) (Rs.) Remarks
B I Hp 5 Hp
o DC Stalic 20 3,87,087 6,20,000
S TRV AC Stalic 20 410,000 | 570,000 -
SPV Submersible DC Stalic 20 449513 6,21,068 -
pump AC S(a“p 20 414,678 5,80,000 } -
50 m head over 20 m B i 6,500 |
- 75 m head over 20 m B 11,000
AdditionalicesLiRe:) Manual tracking System N | 4,050
Auto tracking System ! 17,500
SPV Domestic Lighting System 37 WP/ 40 Ah Battery /9 \N X 2 fixture | B 7,999
Fencing around Solar Panels & Structure | 14,000
| DCrAC ﬁ Base Rate { Subsidy Farmer Share
SN, Details Mounting (r:zfedr) {in Rs. Per set ) | (in Rs. Pe_r seg ) (in Rs. Perset)
Structure I Hp SHp | 3Hp | &Hp 3 Hp [ 5 Hp
1 DC Manual |20 | 391937 | 624050 | 278275 | 452120 | 113662 | 171930
SPV Surface | OC Auto Tracker| 20 | 405387 | 637500 | 283655 | 457500 | 121732 | 180000
3 | pump AC Manual 20 414050 | 574050 | 262820 | 391620 | 151230 [ 182430
4 [ AC Auto Tracker| 20 427500 | 587500 | 268200 | 397000 159300 190500
5 20 453563 | 625118 | 302925 | 452547 | 150638 |~ 172571
6 DC Manual | 50 460063 | 631618 | 305525 | 455147 151_15_38 | 176471 |
I 75 | 464563 | 636118 | 307325 | 456047 | 167238 | 179171 |
CHE 20 467013 | 638568 | 308305 | 457927 | 158708 | 180641 |
T OC Auto Tracker| 50 | 473513 | 645068 | 310905 | 460527 iz |_tuigat|
10 75 | 478013 | 649568 | 312705 | 462327 | 165308 | 187241 |
11 20 418728 | 584050 | 264691 | 395620 1o4037 188400 |
73 Py AC Manual 50 425228 | 590550 | 267291 | 398220 | 157937
13| Submersible 75 429728 | 595050 | 269091 | 400020 | 160637 | 19
[ 20 432178 | 597500 | 270071 | 401000 | 162107
15 AC Aulo Tracker| 50 438678 | 604000 | 272671 | 403600 | 166007 200400
16 | , 75 | 443178 | 608500 | 274471 | 405400 | 168707 zomuo
K1l P DC Manual 20 | 399936 | 632049 | 281474 | 455320 | 118462 j
1| > Suac® [ DCAuto Tracker| 20 | 413386 | 645499 | 286854 | 460700 | 126532
T v AC Manual 20 | 422049 | 582049 | 266020 | 394820 | 156029 | 187220
(Lo fr=—=> = AC Auto Tracket| 20 435499 | 595499 | 271400 | 400200 | 164099 | 1<g__z 99
21 20 | 461562 | 633117 | 306125 | 455747 | 155437
22| spv, DC Manual | 50 458062 | 639617 | 308725 | 458347 | 159337
23 | Submersible 75 472562 | 644117 | 310525 | 460147 | 162037 183070
24| pump with | 20 475012 | 646567 | 311505 | 461127 | 163507 | 185440
25 | DLS OC Auto Tracker| 50 | 481512 | 653067 | 314105 | 463727 | 167407 | 189340 |
26 | o 75 486012 | 657567 | 315905 | 465527 | 170107 | 192040
27 20 | 426727 | 592049 | 267891 | 398820 | 158836 | 193229
28 | gpy AC Manual 50 433227 | 598549 | 270491 | 401420 | 162736 | 197120
29 | Submersible 75 437727 | 603049 | 272291 | 403220 | 165436 | 199829
30 F’Dlifgp vlh 20 440177 | 605499 | 273271 | 404200 | 166906 | 201299 |
3 AC Auto Tracker| 50 | 446677 | 611999 | 275871 | 406800 | 170806 | 205199
32 75 | 451177 | 616499 | 277671 | 408600 | 173506 | 207899
[ 33 | spv surface | OC Manual 20 | 413936 | 646049 [ 287074 | 460920 | 126862 | 185120
| 34 | pumpwith | DCAuto Tracker| 20 427386 | 659499 | 292454 | 466300 | 134932 | 193199
[_35_ fDLS_& AC Manual 20 436049 | 596040 | 271620 | 400420 | 164429 | 195629
} 36 | 'encing AC Auto Tracker| 20 | 449499 | 609499 | 277000 | 405800 | 172499 | 20
4l 20 475562 | 647117 | 311725 | 461347 | 163837 | 1¢
38 5 6536 | { ¢
38 e ersible | OC Manual 50 482062 | 653617 | 314325 | - 167737 |
REE B (Pl 75 | 486562 | 658117 | 316125 | 465747 | 170437 | 10
[ 40 | nis's |20 | 489012 | 660567 | 317105 | 466727 | 171907 | 1
{_ LI reenéiog DC Auto Tracker| 50 | 495512 7067°| 319705 | 469327 | 175807 | 19
42 N ) 75 | 500012 | 671567 | 321505 | 471127 | 178507 | 20
aq G @, HIaE I R, WIYR—-302005
website: horticulture. rajasthan.gov.in, Email: rajasthan misicredift {Timail.com



- DC/ AC ] Base R_ate Subsidy Farmer Share

S.N. Details Mounting | Hodd (in Rs. Perset) (in Rs. Per set ) (inRs.Perset) |

Structure | (Meter) '_S_Hp-| 5 Hp 5 He | SHp | 3Hp | _5_Hp_r

[ 43 | - |20 | 440727 | 606049 | 273491 | 404420 | 167236 | 201629 |

a4 | SPV | AC Manual 50 | 447227 | 612549 | 276091 | 407020 | 171136 | 205529

| 45| Sgrz'gf:ﬁ'i"e 75 | 451727 | 617049 | 277891 | 408820 | 173836 | 208220 |

| 46 | pLs & 20 | 454177 | 619499 | 278871 | 409800 | 175306 | 209699 |

47 | lencing AC Auto Tracker 50 460677 | 625999 | 281471 | 412400 | 179206 | 213599 |

} 48 | 75 | 465177 | 630499 | 283271 | 414200 | 181906 | 216299 |
Note :

1. Basis of MNRLE subsidy caleulation is Rs. 32400/- per 11T for AC pumps and s, 40500/- for DC pumps.
2. In addition to above State Plan subsidy is 40% of Base rate.
3o As per MNRE guidelines subsidy will be allowed only on mianual & auto tracking conabled SPY pumps.

The subsidy would be payable on the supply of the solar pumping system by the
cimpanelled manufacturer only. In case of any complaints regarding sub standard/
defective supplies, Commissionerate of Horticulture must be informed with full duams of
the case so that necessary action can be taken against the delaulter.

©)

(IKuldeep Ranka)
Secretary cum Commissioner Horticulture &
Member Secretary, RHDS

No. F ()DH/Solar/EO1/2014-15/ 4YH - AV36 Dated: £65.02.2015
Copy forwarded for information & necessary action:-

I. PS to Additional Chiel Secretary, Agriculture, Rajasthan, Jaipur

2. PS to Additional Chief Secretary, Horticulture, Rajasthan, Jaipur.

3. PA to Jt. Secretary to Govt, of India, MNRE, Block No.l4, C.G.O. Complex Ledi
Road, New Delhi- 110 003

4. PA to Scerelary Energy & Chairman RRECL, Jaipur.

5. PA to Secretary & Commissioner Agmulmu and Horticulture, Commissionerate ol
Horticulture, | aiasthan Jaipur,

6. MD, RRECL, E-166, Yudhisthir Marg, C-Scheme, Jaipur.

7. Dr. G. Prasad, bucmlst —E / Director. MNRE, Govt. of India, Block No. 14, C.G.O.
Complex Road, New Delhi-110003

8. General Manager (RE&O) / Director Technical Rajasthan Renewable Energy
Corporation Ltd. E-166, Yudhisthir Marg, C-Scheme, Jaipur.

9. Jt. Director Horticulture Jaipur/ Kota / Jodhpur.

[0. AllLJt Director Agriculture (EXt) ovvvviieieiinn,

[1. Project Director Agriculture (Ext.), CAD Kota

12. All Divisional Dy. Director Horticulture ....................

3. All Dy. Director Agriculture ( Ext.) Zila Parishad ...,

4. All Project Director ATMA ..o

I5. All Assistant Director Agriculture (EXt.) i

16. M.D. Rajashtan State Land Development Bank Nchru Sahakar Bhawan Jaipur.

7. M.D. The Rajasthan State Cooperative Bank Limited, Lal Kothi, Jaipur.

18. The concerned Firm M/s ..o,

(KKuldeep Ranka)
Secretary cum Commissioner Horticulture &
Member Secretary, RHDS

Ta @A HdH, WA Q1 RIS, SN -302005
website: horticulture. rajasthan.gov.in, Email: rajasthan_mis@oreditiinail.com
Ph, 0141-22276006, 2227706 Telelax 0141-2227840
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S IR, U B Ha+, SIIYR

FHEG 9.1 () 3MS/Solar/GL2015-16/ YBL YA -9 L2 p feqia: 2 12.15
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STHORI U6 Kb Bles? Bl IyaTel B &Nl |

20. favrq aul & Wre—wrer @re] O ad & SR WU G G B ]
Forer faere 1 100 1 T aMfde B @ Rfd § gwafd e geared w
PRTHR HIX Fex WU fHar ST aeaes 8N 89 &) U &H | &
Udh dbfd! Ffad @ S Sigd =™, Jldgd TR 9 gdr gRd
RTelT sh1e, amreft  daaTge 9 Sudal Gl ST |

21. 3R BRI BH gRT o ¥ Qg aul |fza arg 7 au da 500
IT T Al HIH BR R © Al SIYR AT UR PICHR HAY HreX
AT HAT BT W BH A BH 5 ABHDBIBH BT | §94D A, AEE
TR J Ud IR H¥B, Nl 3Py, TR T dadlse IR SUaed
ST BRI |

22 310d B I 9Tl |l & SIeT AAeIHAIR [J9ria dadige i)
YeTe BT BN | T TTET UQAD Hel- & UUH faaw e T WEE wWed &
<9 feaq A srazys wu W IEad ((rase) fhar S |

23. HIRIER) ®H gRT @ifid G & y@&e el (iie—g[, Jers—Raawr,
FCIR—GTER G STAIRI—AT™) & SIRIE (&0 BT BT Gl $d ! Il
ST TS H UK B 8RN |

24 PR BH ERI §HUDI B TR @ACHA) q I G DR
UG &1 ST |

25 FRIGHT BHA & WR W WEREME =R Clauses @ ITRIRAT TS
gHfad @& Sireefl | [ arnedial &f 9395 9 (Bl YR & Blee Bl
ReIfdl 7 SER—TeR IR 1 HIeAT TS |

26. R0 UPR & Wlec @I Yol S, CAlBIF, Wad, g—Hel Al 3G b A
g B89 @ Rerfa § 9 &l feadl | oavys wu | gise ¥q9T eife
SIRY W 39 UR HRIATE! @l S |

27. BRI BH F 3MUer & oIl 8 fb o8 wqfad w3 3 R i @l wie
G A B WA Rbgd @ 5 Gaw A sMazyd wu A Y drq fbar S
b |

28 FAAT & EREd B & fAerar & Refd & & o §6 TR Raled a1
ST FeaedT JgqT e I1 36 3Mfdd HIA & WaRd@rd d fAherar o BH BT -
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DIl AT 7 STl O &l BREre! & S G, s fFofa @ sifaw
JMEERT R Feed, a1 ¥ Afed, RHDS & 81T |

14. [UF & QA

1.

AT & 1 AAAD SKAS U HRAT AT HDS PRI H R
(e TR ST HRATT |

AAF BT AT [T Td AU B I (V17 M3d BH ¥ B 60 I9HL) Td
STl WA SUeTel HRaTT |

ifds T g 3 FRIEoT & Wiy il g WY A1 3 gRqR
% R 9w o IuRfd gHRked & |

IH &1 AT RIS B §RT GRa] SIRAT | Wiek U™ 933 & S
TE— @G UG GRell & FRd [STHER) Bud &l B8Rl |

WUd AR T 935 @ Farad @ud gRI (dgd / fastell seasr 3 =)
fpar S, ar oM &t Reafd 4 wrRiargl ema § ey SRl |

AT & Ga—qa B D RAfT § Fid que & fave Fregar f[afdes
BRIATE] M W AR SR Tl HIF §g SN @] g IR aGell A
B |

F-urel e |

15. FrorT @ Rere wfefRT —
ATSTHT & AR 8 TATHIRS 8RNI SINT @9 2015—16 [Qen—eemdar qadg

rafcieral gRT HIF U & AT RAC AR Rived oaegd wu 9 weffud
BT BT | RETe AR Rived IR Soil U8 RIUAT &I 3f1dedd 3T B8R

$Ud 991 GAldg ATYfddd BH Bl JaT od T8I BHT| I5d T el Wk W)

qraS adg FEidr wH gRT faMmT @ Sudter v g |

(Provision for remote monitoring of the installed pumps must be made in the controllers or the inverters
either through an integral arrangement or through an externally fitted arrangement. It should be possible
to ascertain the daily water output, the power generated by the PV array, the UP TIME of the pump
during the year, Number of days the pump was unused or under breakdown/repairs.)









"BECH SeIHD! /FHN 7 AR SHoll AEMRT 7 IRATSHT 2016—17"

T

RIS H HR IOl DI STUR RGN Bl €419 H I@d g Y &3 A IR—URARS
Td ggieRer A SOl & IUANT 2q S 9T gRT I & gyl 5g AR
IOTT JMETRA o0 gRATST &1 fHarae fawiig a9 2016—17 # fdhar ST <=1 2|
I RIS STATER oflel 8% I AR A (JLNNSM) / TR Fefi| Uil

HUS (NCEF) T I Jiol & deq fear=aaq & SIeefl | aiRarer &1
BT W%y 59 UhR 2 —

HYG I T AT @ SR W fHar SIem g

AeR 99 |45 3HP

1. BYP & UH FATH 0.5 FCIR P @1 2 |

2. By gRI RETE =g fgu /Ml RudeR / RudeR H393 Aawdd wU | HH
7 forar W4 |

3. BYPG b U Sidl WUBY <, ST, B dive, Sd BN A1 AT S
A @fdad 75 Hiex TeNIE) ©f Jaell 8 | S ol A8l erdl &l

gAd9 GUEOT &HdT gl —
P\

5.9 el gAdH &HAT (I
Hex A)

1. | STcT HUE Q= 1000

2. | fsTh 400

3. | BH UIvs 1000

4. | ST BN (Heoll /T 2q) 50

5. | STaT o1 (ARfera ot 29 ) 20

4. YD ERI Iod IADHI AT W (W /Wse B8/ Al—<eq] (|FAaH
1000 9H) AT f§u W ATl /Bl / Bl /BN BHA (]ATH 05 20)
forr 7 %2 1| ) RIdeR / RIdeR R 05 2. &3 | Ienfal /Y wad
oI dTel BYd W U BT |

5. RIS Wl YA dTel KD Bl WAHbd | =g~ d B eAmrad fhar S
HDAT |




AR 99 FIF 5 HP-

1. {YB & YN FATH 1.0 TFCIR TN SAY 3f&h BT 1T B |

2. YD FRI YAqH 2000 @ HiR T[wd Il WA 8199 /TSI
TR®A /dAl—cAeq IT <YAAH 075 waedk H g W Afesdl /wdl /
Hare /Y Bad ford o @ &8

3. Al R eR / RudbeR IR RFATH 0.75 2dcdR &3 H Sdl /BN v
oI dTel BYd W U BT |

4. PYD b U S FUBU @, f$EN, BH UIve, T B AT AT Siel
Hd @fedd 75 | TeX3) I AT B | IHK STl G Qral df

JATH BT & ]%P:ﬂ_j?ﬂ? Bl —
% <. RETH &HaT (8 A} H)
ECE PR ESE 1500
2. | &= 800
3. | ®MH dive 1500
4. | Td BN (Feoll /99 2q) 75
5. | STt Bl (WRIE el 2q) 40

5. ORI WAl YA dTel HUDI DI UrRAASBAT H AT B ArIad fdhar
ST DT |

3. AR SOl U9 GG v rAfHedl, Heeld Yfhar d gar
1. 99 2016—17 & [SI—CAR |dged ST e dfer ¥ qd 4 dfd

gl BT MR fhar Sd ud dffed gFmaferdl & FRAReT TR
T e SRS §RT I GHER YAT H AT BT TaR—IIR B
qATdfeTal 3MTelsT Bl UT &l Sd Ud ‘U8l 3MRll, Ugol Ul & JMER WX
RIIAT &1 14 | 7ol TR WR §Hud rAHbdl Uil BT FeRoT fhar i |
5 ATl B UrIffehar “ugel 3Tl Ugel IS’ b IR Bl & § I&d
gJ (31, 9 AT | YOt H 7l T—arel) R &1 Sird:—

(@) g wrereddr, e A BN fdgd doe’ Ui @R B a9y
2016—17 1 Il Gl A & dAT IR Il G HIF WR I v IRIT
THUT P DI HegAd 2 | (= — 3 T 1 TG 2 9)

@) faa mafiear, RF Hyvel & o9 FN fOEE doeed 98 8, & @
e | (Fel[— 3 T 11,11, T§ 2 9)

(@) qara yrafedr, N Syel & o BN gd deee § a1 9 Gyl
&1 BN fAgd da U<l HRA 7 FHId (ST B ay 2016—17 Bl
RIIAT FAT H M 7, olfb 98 HY [9gd HAged FHUd Tl BT @m8d,
Pl & I | (W—s‘c{lqaza)

2. BYD, FSTAHT 9™ FHY fIga dIaeM U< B+ 8 99 2016—17 B agar
ﬁ%ﬁ H§ 2 d g fIga daeq @Afia &) B 9890 ©, U0 GuDl DI
WW(MNRE)méHaw(Wf?MMOOQS qﬁrwww%—q
g X 40,500 % URT Tadl ST v Bq) ST b oI SMER &R BT 30
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gfaerd 8, & 3Tl 15d ISl T=id 3MER AR &I 45 Flaerd SffaiRed
I T BT | 39 UBR el oF IFQr IER AN Bl 9T 75 Fiererd
ENTT| 39 Bq Svdl &l feen—frden & fag 9@ 3191 & rgaR fSwam
H THEIO—UF U HRAT B4 |
3. B, [Se U G fdgd e T8 § T IT9hT AW [SThM bl ay
2016—17 @I qIAT Gl § &l &, DI IRd IWHR (MNRE) §RT I (G
(17T 32,400 . Ul AUl TAT UF B @ VMY 40,500 ® UfT GEdl SR U
gq) Sl b SRTYT SR &R &7 30 URIeId ©, & 3fcrar 1 STl 3Tl
MR ANTA &I 30 Ul AfIRad e <F BFT| 39 USR Gl I
A JMUR AN &I T 60 UG BN §9 g HUDI DI
feer—cel & fog W=&m 319 & AR [SWpM § YAT-UF UTa Al
BN AT RN fAgd Pagerd 8! 89 &I YUA—UA (10 . A—G(SRrIet
) A1 B UG TUY—U3 & IMER IR FHEEd [STATEeR §RT By
@ G FIAYA 7 Nl & Swm dem & e od | g &
AT & IMEIR W Tq U WIERT SR &1 ST |

9 07 IR AT DT B Al el SrRiTad gRT FHd
faera faamT & Aol S gd 9fdsy § 9= | fIgd dded w@nuer o
3 <F T8l BN |
4. YD, 59d & I B [9gd daed & I1 [D1 M BN fAgd biae
UTG R I a9y 2016—17 B I Gl 4 © TG 98 FHY fIgd diar
FAMOT T8 HRAT A1, S° WRA WHR (MNRE) §RT 3 IaM (RT3
32,400 %. Ui Terdl Ul 9= 2 9 VIR 40,500 % Ui Todl SR URY 2q)
S b oI YR &R Pl 30 Ulawrd & <F 8| 5[ @udl gR1 &y
[Ie[d d-1aR< B 3ffdad X @ § Ud |Hrad (S @ $iY fagd
HAF YT DHRA DI Y 2016—17 DI IRIAAT Gl H M 2, U= g8 30Ul
g FAMT e HRAT ART & | U uDl Bl e & g e
319 & IATAR [STHH A YAI—UF UTG HIAT 81T |

4. Tafa 1o T deg

IRATSTT & T& I & T [57ell 2 7500 IR Ioll ARG g7 & oAedl
&1 fraiRor fasar w2
Jed} BT 3Mded NodR Td Jfiar /=1 TR 28—

4. | el &1 9™ A 31 JASSI. | fHol INT
1 [ero™R 133 32 33 198
2 RrAIdR 50 11 10 71
3 [@rNarST 72 16 22 110
4 [@RT 15 8 6 29
5 @ISR 275 72 44 391
6 MRAYR 14 3 3 20
7 [retaret 252 56 42 350
8 [dIdrR 759 160 81 1000




3. | 5 &1 W AT 31T JASSTL | Hol ANT
9 [gal 35 6 12 53
10 [RI<isTe 180 40 29 249
1 [J% 108 24 18 150
12 [QRT 36 8 6 50
13 [glaR 14 3 2 19
14 [SIRYR 36 8 6 50
15 [BIATTTS 595 128 64 787
16 [STIYR 575 128 115 818
17 [OTFe#R 324 72 54 450
18 [STTAR 149 26 25 200
19  [SITclTaTS 22 5 4 31
20 IS0 150 48 30 228
21 [SIYWR 173 38 29 240
22 [ERIell 15 5 5 25
23 [Pl 29 6 5 40
24 [FATFIR 50 10 8 68
25 [dTell 150 25 19 194
26 ([UATITe 58 13 12 83
27 RISTHA=< 59 16 25 100
28 [QATSHIEIYR 60 16 12 88
29 SITTIR 587 117 96 800
30 [TR 100 34 23 157
31 [RRIE 100 12 8 120
32 [ciP 130 29 22 181
33 [QEIR 95 25 30 150

AR 5400 1200 900 7500

mrafed dedl @ AR fhddl el faviy & wiftq / AT 7 89 @1 Rufa | aeai
BT FRITCRYT ART AAR T Tl DI a1 S FH1 | Fedl BT UIitd § Huh
ol S ST 9 I SISIia &l difed oM UeH fhar od | |k
Sl T RIS 9§ 2016—17 IF=TId DR G &)= Bl Afow fafer 25

ST, 2017 &0 |




5. IS TAMIEl & T A WM dlel S&ITdoi—

7.
8.

9.

. IIET—ud g rreft &1 urgure Arse Hiel (ot dh—1
\

$YH AT (Heli[dh—2 3 Ud 2 9)

Suh R IR FUBY (e dh— 3 3) D gRI USIdHRY &g RN H
10,000 & fEHATE FHe (Mg AU, TISIVE @ U& H) Mded—ua & A1
o fehar e, RSt Farre uraar o Refd 9wy f2war e 8g
b ST e |

IS Y=l A0 THO—UF (Aol [dh —3 )

AR T T BRIGRT BH §RT ddal RuT (Ge e —3 )

AT fS¥B™ H FHY HgeE UTd B &l aRaar gl § fdHA 8 AT A

8F BT YAV (Feli = —3 T I, 11, 111)
A BT STHTE AT agD bl afferit (—warfdc)
IREIERZIN

SCIRRE 3’7@ Iq%d Heaed BT fde

10. F—urt S wwdcb —4)
11. gAIag SMYfd<dl BH BT fda / Bl 3disH / B Ud fSSrsd A

6. I &aT fAUiRer 9 da-iie! AUgUS

1.
2.
3.

05 2dCIX g AN IIf® T 9 WIHE — 3 HP

100 TICIR I SHNA 3G BT Y—THE : 5 HP

A VAT & FUDT GRT H & TR BT HIT BT W TR &l
EIIRER OIS CR IS

FIAl & dh-Idl HUGUs Ud W= 9w 9ifvd Sia fersl ATueus
THURRIRE & Y 2015—16 & [QR—GegAR Ud Mg &l dl (Wb
3iT% a®) & IITAR I |

TR & B[H g H 99 & AR qd H wfyd daqy/ §Hif ) 8 4R
ISl IR HIH <F BT | Y AARY /B3N 7Y FEH WR W AN oy S
& W B AR IS T FIF DI Y] ol ST |

7. gAINg ATYfcichel BH

URATSTAT & fBarag= gq dre] fa<ia 9y & IR GAdgdl MYl HHY
9 UPR & —

S.No, Name of Firm Address of Firm Contact No. Fax No.

1 2 3 4 5

81/2, Ist Floor, Shri Aurbido Marg,
Alpex Exports Pvt. Near Hero Honda Show Room 011-26547000, 011-

Ltd. Adhchini. New Delhi-17 ' 26522132 26515355

1

Kakad House, "B" Wing, Flat No. 'F
2 ANCO MOTORS 5th Floor, Barrack Road, Dhobi
Taao, Mumbai-400020

022- 022-
23424764/2340060 | 23412457

65-65, Narayan Industrial Estate,
Opp. Raipur Mill Compound 079-22774464
saraspur, Ahmedabad- 380018

AVI Appliances Pvt.
Ltd.

079-
22774463




S.No. Name of Firm Address of Firm Contact No. Fax No.
1 2 3 4 5
704, Krishna Appartments, Tilak
Fourth Partner ' . ’ 0124-
4 Energy Pvt. Ltd. Road, Abids, Hyderabad-(A.P.) 0124-4296347 27177544
500001
. - (Solar Division), Jain Energy Park, 0257-2260033/44 :
5 ggg&fﬁ'&’” Jain Velly, Shirsoli Road, Jdgaon | Ext. 803, 0141- ooy o
' 425001 2203515
A/2, Atuiya Bhawan, Near CERC,
6 KISAN SOLAR S.G. Highway, Thaltej, Ahmedabad- | 0141-4004449
380054
. 378, 10th cross, 4th Phase, Peenya 080-
7| Kotk UrjaPvtLtd. | by tria Area, Banglore- 560058 080-28363330 28362347
Sardar Patel Ring Road, Nr. Bright 079-
8 LUBI Electronice School, Nana Chiloda, Distt. 079-39845300 39845599
Gandhinagar, Gujarat- 382325
9 Modern Solar Pvt. 7, Camac Street, 3rd Floor, Azimganj | (033) 24750337,
Ltd. House, Kolkata - 700017 65228530
Premier Solar 3rd Floor, VV Tower, Karkhana Main 040-
10| systemsP Ltd. Road, Secunderanbad-5000000, A.p, | CA0-27744415116 | 500 14m17
PV Power
, GJ14, SEEPZ, SDF VI, 022-
1 Itegh”"' ogies Pt Andheri(East), MUMBAI - 400 096 | 02242214800 42214801
12 Rajasthan Electronics | 2, Kanakpura Industrial Area, Sirs 0141-2470531 2‘11‘7%'139/
& Intruments Ltd. Road, Jaipur, Rajasthan - 302 012
2470531
13 Rotomag Moter & 2102/03, GIDC, Vittha Udhyog 02692 -236005 / 02692
Controls Pvt. Ltd. nagar, Near Anand, Gujarat - 388121 | 2364009 239805
Plot no. 401, sector-3, industrial Area
14 | Shakti Pumps(l) Ltd. | pithampur Dhar, District - Madhya 07292410500
Pradesh
Office No. 1001, Tower-11, Montreai
15 | Span Pumps Pvt. Ltd. | Business Center, Baner Road, Baner, | 0120-66000408
Pune Maharashtra - 411045
Topsun Energy B-101, Electronics Estate, Sector 25, i 079-
16 Limited, Gandhinagar, Gujarat 079-23288804 23288805
Waaree Energies 602, Western Edge-I, Off. Western 029-
7| e 9 Express Highway, Borivall (E), 022-66444444 66444400
' Mumbai - 400066
8. ar

1. HieR T YRATSHT B YR & W ST 30,/60,/75 YA aM <
BT |
2. URANHT & T8d oI} ol "8® e |AR A9 (JLNNSM) / T
FAIF Yol BUe (NCEF) 9 I 3T ([T 32,400 %. Ufd w=dl gl uwy
Tq g VIR 40,500 % Ui AUl SIAT U7y gq) ST b oW IR &R BT 30

gfererd @ Ud 0,30 /45 Uferd I ISl He ¥ T

< BT

3. e & HuD AvEaR fawgd fdavor feen—foden & fa=g dwar 3 wv fear
AT 8 |




9. JMENR X

el fo<i a¥ 2016—17 HI AR & 39 UPR & —

. Base Rate Base Rate
Details DC/ AC '\s/lt?ﬂgtt:ﬁg (;'Ztagr) (Rs.) (Rs.) Remarks
3 Hp 5 Hp
SPV Surface pump DC Stat?c 20 3,25,900 5,09,000 -
AC Static 20 3,37,000 5,20,000 -
SPV Submersible DC Static 20 3,72,000 5,09,000 -
pump AC Static 20 3,40,000 4,84,000 -
50 m head over 20 m 6,500
. 75 m head over 20 m 11,000
Additional cost (Rs.) -
Manual tracking System 4,050
Auto tracking System 17,500
SPV Domestic Lighting System 37 WP/ 40 Ah Battery / 9 W x 2 7999
fixture '
3HP Solar pump system fencing around Solar Panels &
10,000
Structure
5HP Solar pump system fencing around Solar Panels &
14,000
Structure

=7 fa=T a9 2016—17 @1 HYBIR U7 JIIEH X 39 UPR & —

DC/ AC Base Rate (in Rs. . . Farmer Share (in
S.N. Details Mounting (2:?:0 Per seE) BEEIEL (0 2. [Per S6t) Rs. Per set )(

Structure 3 Hp 5Hp | MNRE SP MNRE SP 5 Hp 3 Hp 5 Hp
1 2 3 4 5 6 7 8 10 11 12 13 14
1 Farmer Category having agriculture electric connection (As per the guideline of 2015-16)

DC Manual | 20 | 339950] 527050 121500 0| 121500] 202500 0| 202500] 218450| 324550
, |SPV Surface ?gg(‘é‘ro 20 | 353400| 540500| 121500 0| 121500| 202500 0| 202500| 231900 338000
3 E‘ég‘gn"gth AC Manual | 20 | 351050 538050| 97200 o] 97200] 162000 0| 162000] 253850| 376050
4 ﬁ;(ﬁ(”e‘ro 20 | 364500| 551500| 97200 0| 97200| 162000 0| 162000| 267300 389500
5 20 | 386050| 527050| 121500 0| 121500| 202500 0| 202500| 264550| 324550
6 |spy DC Manual | 50 | 392550| 533550 121500 0| 121500| 202500 0| 202500| 271050| 331050
7 | Submersible 75 | 397050| 538050| 121500 0| 121500] 202500 0| 202500| 275550| 335550
8 | pump with 20 | 399500| 540500| 121500 0| 121500] 202500 0| 202500] 278000| 338000
9 |Fencing ?gg(‘é‘ro 50 | 406000| 547000| 121500 0| 121500] 202500 0| 202500| 284500( 344500
10 75 | 410500| 551500| 121500 0| 121500] 202500 0| 202500] 289000( 349000
11 20 | 354050| 502050| 97200 o| 97200] 162000 0| 162000| 256850| 340050
12 |spy AC Manual | 50 | 360550| 508550| 97200 o| 97200] 162000 0| 162000| 263350| 346550
13 | Submersible 75 | 365050| 513050| 97200 o] 97200] 162000 0| 162000] 267850 351050
14 | pump with 20 | 367500| 515500| 97200 o] 97200] 162000 0| 162000] 270300| 353500
15 | Fencing ﬁ;CAkLgf 50 | 374000| 522000 97200 o] 97200] 162000 0| 162000] 276800 360000
16 75 | 378500| 526500| 97200 o] 97200] 162000 0| 162000] 281300| 364500
17 DC Manual | 20 | 347949| 535049 121500 0| 121500] 202500 0| 202500| 226449| 332549

SPV Surface | DC Auto 20 | 361399| 548499| 121500 0| 121500| 202500 0| 202500| 239899| 345999
18 | pump with Tracker
19 |DLS & AC Manual | 20 | 359049 546049 97200 o] 97200] 162000 0| 162000| 261849| 384049
fencing AC Auto

20 Tracker 20 | 372499| 559499| 97200 0| 97200| 162000 0| 162000| 275299 397499
21 20 | 394049| 535049| 121500 0| 121500] 202500 0| 202500| 272549| 332549
22 |SPV DC Manual | 50 | 400549| 541549 121500 0| 121500] 202500 0| 202500| 279049 339049
23 ?&?{Sﬁ?le 75 | 405049 546049| 121500 0| 121500| 202500 0| 202500| 283549| 343549
24 |plse LG Auto 20 | 407499| 548499| 121500 0| 121500] 202500 0| 202500| 285999 345999
25 | fencing Tracker 50 | 413999| 554999| 121500 0| 121500] 202500 0| 202500| 292499| 352499
26 75 | 418499| 559499| 121500 0| 121500] 202500 0| 202500] 296999| 356999
27 20 | 362049] 510049| 97200 o] 97200] 162000 0| 162000| 264849| 348049
28 |SPV AC Manual | 50 | 368549| 516549 97200 o| 97200| 162000 0| 162000| 271349| 354549
29 ?&?{Sﬁ?le 75 | 373049 521049| 97200 o| 97200| 162000 0| 162000| 275849 359049
30 |ps & AC Auto 20 | 375499| 523499| 97200 o] 97200] 162000 0| 162000] 278299| 361499
31 | fencing Tracker 50 | 381999| 529999| 97200 o[ 97200] 162000 0| 162000] 284799 367999
32 75 | 386499| 534499| 97200 o[ 97200] 162000 0| 162000] 289299| 372499




DC/ AC

Base Rate (in Rs.

Farmer Share (in

S.N. Details Mounting (ngg) Per set) BEEIEL (0 2. [Per S6t) Rs. Per set )
Structure 3 Hp 5Hp | MNRE SP 3Hp_ | MNRE SP 5 Hp 3 Hp 5 Hp
2 3 4 5 6 7 8 9 10 11 12 13 14
Farmer Category not having agriculture electric connection (As per the guideline of 2015-16)
DC Manual | 20 | 339950] 527050 121500| 101985 223485| 202500| 158115| 360615| 116465| 166435
, |SPVsurface ?g C’T(‘:ro 20 | 353400| 540500| 121500 106020| 227520 202500| 162150| 364650| 125880 175850
3 Egmn‘g'th AC Manual | 20 | 351050 538050| 97200| 105315| 202515| 162000| 161415| 323415| 148535 214635
4 ﬁ;{ﬁ(‘gf 20 | 364500| 551500| 97200 109350| 206550 162000| 165450 327450| 157950 224050
5 20 | 386050| 527050| 121500| 115815| 237315 202500| 158115 360615| 148735 166435
6 |SPY | DCManual | 50 | 392550| 533550| 121500| 117765| 239265| 202500| 160065| 362565| 153285| 170985
7 S‘;m%rs'b' 75 | 397050| 538050| 121500| 119115| 240615| 202500| 161415 363915| 156435| 174135
8 | with LG Auto 20 | 399500| 540500| 121500| 119850| 241350 202500| 162150| 364650| 158150 175850
9 | Fencing Tracker 50 | 406000| 547000| 121500| 121800| 243300 202500| 164100 366600| 162700 180400
10 75 | 410500| 551500| 121500| 123150| 244650 202500| 165450 367950| 165850 183550
11 20 | 354050| 502050| 97200 106215| 203415 162000| 150615 312615| 150635 189435
12 |spy AC Manual | 50 | 360550| 508550| 97200| 108165| 205365| 162000| 152565| 314565| 155185| 193985
13 | Submersible 75 | 365050| 513050| 97200 109515| 206715 162000| 153915 315915| 158335| 197135
14| pump with 20 | 367500| 515500 97200 110250| 207450| 162000| 154650 316650| 160050 198850
15 | Fencing ﬁ;ﬁ(‘gf 50 | 374000| 522000] 97200 112200| 209400| 162000| 156600 318600| 164600 203400
16 75 | 378500| 526500] 97200| 113550| 210750 162000| 157950| 319950| 167750 206550
17 DC Manual | 20 | 347949| 535049 121500| 104385| 225885| 202500| 160515| 363015| 122064| 172034
SPV Surface | DC Auto 20 | 361399| 548499| 121500| 108420| 229920| 202500 164550| 367050| 131479| 181449
18 | pump with Tracker
19 |DLS& AC Manual | 20 | 359049 546049 97200| 107715| 204915| 162000| 163815| 325815| 154134 220234
20 fencing ﬁ;{ﬁ;‘:’ 20 | 372499| 559499| 97200| 111750| 208950 162000| 167850 329850| 163549 229649
21 20 | 394049| 535049| 121500| 118215| 239715| 202500| 160515| 363015| 154334| 172034
22 |SPV DC Manual | 50 | 400549| 541549 121500| 120165| 241665| 202500| 162465| 364965| 158884| 176584
23 ﬁﬁggﬁ?'e 75 | 405049 546049| 121500| 121515 243015| 202500| 163815| 366315| 162034| 179734
24 |pse 5C Auto 20 | 407499| 548499| 121500| 122250| 243750| 202500| 164550 367050| 163749 181449
25 | fencing Tracker 50 | 413999| 554999| 121500| 124200| 245700 202500| 166500 369000| 168299 185999
26 75 | 418499| 559499| 121500| 125550| 247050 202500| 167850| 370350| 171449 189149
27 20 | 362049| 510049| 97200| 108615| 205815| 162000| 153015| 315015| 156234| 195034
28 |SPV AC Manual | 50 | 368549 516549| 97200| 110565| 207765| 162000| 154965| 316965| 160784| 199584
29 ﬁﬁggﬁ?'e 75 | 373049| 521049| 97200| 111915 209115| 162000| 156315| 318315| 163934| 202734
30 |ps & AC Auto 20 | 375499| 523499| 97200| 112650| 209850 162000| 157050 319050| 165649 204449
31 | fencing Tracker 50 | 381999| 529999| 97200| 114600| 211800 162000| 159000 321000| 170199 208999
32 75 | 386499| 534499| 97200| 115950| 213150| 162000| 160350| 322350| 173349 212149
3 Farmer Category applied for agriculture electric connection and wants to surrender their application in lieu of solar pumps
subsidy (As per the guideline of 2015-16)
1 DC Manual | 20 | 339950| 527050 121500| 152978 274478] 202500 237173| 439673 65472 87377
, |SPVSurface ?g (ﬁ(‘;‘f’ 20 | 353400| 540500| 121500 159030| 280530| 202500| 243225| 445725| 72870| 94775
3 Ei?c‘?nvg't“ AC Manual | 20 | 351050 538050| 97200| 157973| 255173| 162000| 242123| 404123| 95877 133927
4 ﬁrCaCAkL:ro 20 | 364500| 551500| 97200| 164025| 261225| 162000| 248175| 410175| 103275| 141325
5 20 | 386050| 527050| 121500| 173723| 295223| 202500| 237173| 439673| 90827 87377
6 |spv DC Manual | 50 | 392550| 533550 121500| 176648| 298148| 202500| 240098| 442598| 94402 90952
7 | submersible 75 | 397050| 538050| 121500 178673| 300173 202500| 242123| 444623| 96877 93427
8 | pump with 20 | 399500| 540500| 121500 179775| 301275 202500| 243225| 445725| 98225| 94775
9 |Fencing ?; (ﬁ(‘;‘r" 50 | 406000| 547000| 121500 182700| 304200 202500| 246150| 448650| 101800| 98350
10 75 | 410500| 551500| 121500| 184725| 306225 202500| 248175 450675| 104275| 100825
11 20 | 354050| 502050| 97200| 159323| 256523| 162000| 225923 387923| 97527| 114127
12 |spy AC Manual | 50 | 360550| 508550| 97200| 162248| 259448 162000| 228848 390848| 101102 117702
13 | Submersible 75 | 365050| 513050| 97200| 164273| 261473| 162000| 230873| 392873| 103577 120177
14 | pump with 20 | 367500| 515500| 97200| 165375| 262575 162000| 231975 393975| 104925 121525
15 | Fencing ﬁ;{ﬁ(‘gf 50 | 374000| 522000 97200 168300| 265500 162000| 234900 396900| 108500 125100
16 75 | 378500| 526500] 97200 170325| 267525 162000| 236925 398925| 110975 127575
17 DC Manual | 20 | 347949| 535049 121500| 156577| 278077| 202500 240772| 443272| 69872 91777
SPV Surface | DC Auto 20 | 361399| 548499| 121500| 162630| 284130| 202500| 246825| 449325| 77269| 99174
18 | pump with Tracker
19 |DLS & AC Manual | 20 | 359049 546049| 97200| 161572| 258772| 162000| 245722 407722| 100277| 138327
20 fencing ﬁrCaCAkL:ro 20 | 372499| 559499| 97200| 167625| 264825| 162000| 251775| 413775| 107674| 145724
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DC/ AC Base Rate (in Rs. . . Farmer Share (in

S.N. Details Mounting (gz?gr) Per seE) BEEIEL (0 2. [Per S6t) Rs. Per set )(

Structure 3 Hp 5 Hp MNRE SP 3 Hp MNRE SP 5 Hp 3 Hp 5 Hp

1 2 3 4 5 6 7 8 9 10 11 12 13 14
21 20 394049 | 535049 | 121500( 177322| 298822| 202500| 240772| 443272 95227 91777
22 |SPV . DC Manual 50 400549 | 541549| 121500| 180247| 301747| 202500| 243697| 446197| 98802 95352
23 ﬁﬁggi\;ﬁ#le 75 405049 | 546049| 121500| 182272| 303772| 202500| 245722 | 448222| 101277| 97827
24 |pLs & BC Auto 20 407499 548499| 121500| 183375| 304875| 202500| 246825| 449325| 102624| 99174
25 | fencing Tracker 50 413999 554999| 121500| 186300| 307800| 202500| 249750| 452250| 106199| 102749
26 75 418499 559499| 121500| 188325| 309825| 202500| 251775| 454275| 108674| 105224
27 20 362049 | 510049| 97200( 162922| 260122| 162000| 229522| 391522| 101927 | 118527
28 |SPV . AC Manual 50 368549 | 516549| 97200( 165847 | 263047 | 162000| 232447| 394447| 105502 122102
29 ﬁﬁggi\;ﬁ#le 75 373049| 521049| 97200| 167872| 265072| 162000| 234472| 396472| 107977| 124577
30 |pLs & AC Auto 20 375499 | 523499| 97200( 168975| 266175| 162000| 235575| 397575| 109324 | 125924
31 |fencing Tracker 50 381999| 529999| 97200( 171900| 269100| 162000| 238500| 400500| 112899 129499
32 75 386499 | 534499 97200( 173925| 271125| 162000| 240525| 402525| 115374| 131974

Note:

1. Basisof MNRE subsidy calculation is Rs. 32400/- per HP for AC pumps and Rs. 40500/- for DC pumps.
2. In addition to above State Plan subsidy is 30% of Base rate for farmers not having agriculture electric connection

&
in

45% for farmerswho have applied for agriculture electric connection and wants to surrender their application
lieu of solar pumps subsidy.

3. As per MNRE guidelines subsidy will be allowed only on manual & auto tracking enabled SPV pumps along with
remote monitoring mechanism (RMM).

The subsidy would be payable on the supply of the solar pumping system by the empanelled
firm only. In case of any complaints regarding sub standard/ defective supplies, Directorate
of Horticulture must be informed with full details of the case so that necessary action can be
taken against the defaulter.

10.

—

3 ufear

AleR T ¥ ¥ SN AT a1 RHDS ¥ |gdidg / gAfed ®H N
RIYAT R & & < 8T |

@uh gRI FEiRd smded U3 #¥ ifdd SwEsl GWiud &3 & BN/
I fIRT Braeld § W/ BN Hdedd / A8ldd BN ARGRT/ dh /
Myfcpdt SrelR / AMgfcidd BH & Argd 9 Uva fear omd | smgfdear
T FHERT Y6 WR Y har ST |

e & FHY HYD g T &HAT/ HIKSST @ BT YhR (Hg3Tel Sahx
/3ifel ghx) dAl BT Sffard ud SHRRed aEfeT RRed &1 fddo
3MMIeIH HU W Y fHaT SR |

TR & ST S H Jd H WU 9y / H3ll IR & AR IS I8 HI3
RIYAT R A& <F BN |

YD GRT e U & A1 A F. 10,000 BT SLEL. UG ATILID XTSI
@ 3fTal UTAdl FeAT9d YATOT UH Ud g T gRT SRl gHIoT—u5 / §fY
[Ae[d daed 8! 8 &I TqUI—Ud 10 %, AF—Y[SRRa & (60
gfererd argar 2ot & forg) MeiRa o § Ao &A1 8Rm, difds §a
IO Ufgar H faerq A7 21|

JUTH HYDBT DI YSITBRUT IR JATeY (37f&had Uh d18 &I 3faiy H) arud
et & S |

ST e fEeRl g1 WR ISl IR T GRASHT & J=iid g
RYD! Bl T GRT G [HAT SR UG DI B G Dy Alfed drs
R T DI ST |
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8. AT YAl & IFAR el HDS §RT FAMT YD | MYfciehal HrIardl
HH BT DICIF UKD B & IURII, UL Wipfa FeiRa gz (Fer=
5) § Harell SIrell | gemale wigfa o gfa aq fdad & S ez,
QUSR] IU MQd SO 9 ARG Agfdddl BH I had / 3—HdA gRI
Uy @1 S |

9. YNNI Wil 15 Ao @1 @ § TAMd duyd gRI Wgd WIRT %,
10,000 & AATET AY FIF AT AR DI RTAT HDS BT AT FRTS STRAM |
9 SR HIF YSIT §RT WIgC &I (IR Faeor Bl qeg= fhar e |

10. T HYD §RT YD [T R0, Hael RTAT HDS BT TH BRIF & IURId
DHDS®R ¥ HIARY SIRI fdhar ST (e[ d —6) |

11. R STl Sdhly §RT BIAQY & A1 SR §¥d BT IR &1 Wil
FHIG, 3ie Td AR & [Javor drace # oifdd fhar Sd deon |3+
AYfd RUIS guz—7 H WY SN Hye fRwar IR b1 Wil $Hid, faTi®
LEININECARCCEREUIRNICE

12. I {5l SH1S §RT BRI BH @ U8 | BraiQy SN &R SURId
HRIGHT BH gRT (JMSdHan 45 f3aH) ATA—SMYfd B SATIT |

13. Fd TSRl gRT FQemeld & ATd—3Tgfd T J&ATud &R gal
FeiRT o (RRIS 7-1 & 1) | HSEET B8R Alfd U2H @R 6l A&
YA BT S 4 |

14. ARG GAEE MYfddhdl BH gRT RIMUF &1 (GrEIfey IR 8 & 45
feqq & amyfcd 9 20 &7 H U= BRI) G HIAT BN |

15. DHDS ®WR | HIF WIUAT & 7 fdaq # ¥ &1 MuiRa yua gar wifds
YA fhar S (Fer= 8 1 & 11) | Hifdd HATIH &I AMaegdhal & AR
Femer WR 4 SffaRad gell &1 Mo+ fHAr S Fa |

16. 9Ifdd U= @1 Ruié Fafdra RNt gesal gRr MuiRa gua ( — 9,
8 1 & Il) § FSTeld & UKd @I ST | f9d 3ifod =R &1 e
WA G~ fHar S @ |

17.|R Il g7 gRATSTAT & UdaR— YAR Pl QAT g1 g qeb-ild] U3l !
SMPRI o 8g B IHgN bw/ BN e @/ [oiEd T69/
WHRT Y BH W 4 dleR 97 @Id &7 R FAER e <F
B |

11. D 2T TG A RN BT YIrar

1. YA — DHDS /S [MaRIeld g§RT FRd JYfddhdl BH &I 2 =Rl 4
fepar ST —

(31) BraQer & |l DHDS (NTell Blcidheear SIcyHT |IAIIC]) H M hYS
e IR § | AHTH 5 HP & |IF B A 1,00,000/— (Th T
w0 AE) 9 3 HP & |IF %—g’ IR . 75,000/ — (31eR fUdEaR &9R
wU H{F) AT adfde Byd B AR (Gud T R 5 vEd &
HIF TG 100,000/ — Ersqzltﬁzﬁw—ar%‘gvsooo/ HA B B DI
Rerfer #) &1 AIH 1AM Aldg |93 Argfcamdl ol far S |
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(@) BYP & Wd W HATA—IAYfd IWId b [ZEAT IR BT YA DHDS
R W UG IYF FeWed &R R GIF & U 9Y el Gared ol
TRUE] & US FIF AN Bl 10 YRR db IRUE & ®Y H [N
QeI &1 Ugd HR R (STf&rehad 3ITER ST &I SN+ 70 Yfrerd)
1. @G BT AR BT YA DHDS TR WR HYH SUaR —

. 75 Ufderd @¥e Aol — PRQY & Y A Bl T [
2T I & Srerran A Hyd fBEAT AR BT Y=
Il. 60 UIRIT d¥d SO — BrRAGY & AT YIdE bl T BuD
2T I & 3rerran A Hyd fBEAT AR BT I
. 30 UfRIT Bud 00 — S & AT Y HI Tl HYD
feeqr T & T WY gue fFEAr AR b1 YA
(YT Bl ATA—3MYf T RUIE YR A (URRIS—7, 7-1)
LERECNIR DI RCE GIRESENEG)
2. ISY IIo W A R (45 /30 /0 Uferd) &1 grae Fqemerd
g |
HIA—3MYfd R 3ff&herd A, SR AN DI TTHT 70 UfIerd ddb
I BAT| SN b Hus fREAT AR Ud S IR &l AT 81 |l
g |

(€) oY /30 IEM ST 30 URRIA (SITATAYAYH A | Ui HP &
IR TR MNRE & fe—eereiR) e Faemed gy —
1. HYB Wd WR Fholdl Jadb FIF WU B qof & W |
2. FUTRT 3o gRT 9R I o9 HIF HT HIfdd FAUT B W |

12. ¥ifae 9T

1.

2.

3.

ATA—3MYfd 9 A%hedgdd YT BRI & Hifde dad= 7 faad # fdar
ST |

AA—ATYfd &1 wifdd AT FE—D GHN JAPRI/ BV ARTHRI /
TEId e9dh / SUFCYd WR & &F W HF Udh JATHRT gRT fhar Srd |
R wderd gRI ATT—3MYfd BT 4Ifdd FAUT B R FEAD Q9D /
IUFCREH TR & B H BH Ud ISR gRT Ui SXAERd & od |
wIfd W & Hifdes a3 9eRig §d gRT fhar S | 399 %Y/
UM T & WEd BiY JUHRT WR AT SHA IWR & QI SRR Tl
Uh IS AMI=T RRECL /3o fawmr/ uymor e favyrr/  Rrer
Felde’ gRT AT HeRId AT/ RHDS §RT ATHT 81T |

HIfces TSI JARG IUMQed BiY/ I I FE-d Fqed FHiY /
S @ IulRefa # B

HIfces AT & SR WG AR 97§93 Ud ged Ryais G5 &1 DI
7Y e & |1 JgIud fhar S |

Hifcls AU B WD @Y AFHN WR & G 39d IW b BN
T/ e aRug & IfferT Y arfdraa 2i |

BRI DAl Td B DI IRT UG DI b G $9 8g RHDS WR 9
foeres Ward gER @1 S |l 2|

13




13. {Eilgg MMYfeidpdl & aTRIa

1. g mgfciadt & fRa gRifaR ERT BYE BT foega |d o Sas
HAF RITIT BT DD ﬁli‘l/lsxﬂlid SRR fobarr ST |

2. JAYfIHdl §RI HYD bl FIF Falad Yd IWREE DI Hgel Y fdbar
STRRT T &2 & fa=gall uR @ud URRNeTor mAIfSTd faam Sraem |

3. TSOEA & AR e BRI A= HRIAT SITeT |

4. JAYfdDhdisll gRT U AR Holl ARMRT G GRATSTAT & Alregel AT
S B fESMsa afeld ary, 9T, dle I ddh-dl BT I Fed B IR 8 |

5. AR SOl U9 FIF WRATUAT ¥ Jd GRS §RT HY6 & UM & e
WR/IUALAr B IR U+ faeivsl ¥ dRare) g8 gRRead sl &
fhe &oa &1 TR dT Rl SId, 9 &1 g1d /09 IURIT el
AT # 9 BT st T8 89 IR B @ RER @R | ([eE— 399)

6. I B UICH SATER ol 8w I AR Ioll e & AMUGUS] & AR
B |

7. AR U9el/ ASYe 125 WP IT 399 37 T & BT |

8. 3MYfihdl Ud 3MYfel by ST dTel AISIel/ USel & IV-Curve DHDS @l
TR T |

9. EIgg SMYfcibal gRT JAMYRT b S arel FIF # 1 A1 RAC AR
RIeeH ARl wu I f&ar SR |

10. MY AT &1 Yol fdaror g Augve, feomgs q doar |qEfud e
SPhIg Pl IUSTE BT BT |

1. gAIGg SMYfdipdl g1 Fceme &R & < 9 W-fe®a Feor sram
ST SIfard BN |

12. gAI9g 3MYfciahdl gR1 W—Tsw= FRieror & ford 15 faaw gy fesmery &
&g BT BT 9 MNRE & g9 2015—16 & [Qe—ASUJER g EOI
(S3MTE) DI oAl & ITAR AR FHoll 8 T & MY fbd S ared
A & Te—RUIE TR BT BN |

13. Outsourcing fhY I A & S & WK ISR FAGg MYfiddl g
& SR |

14. BRATQY /YAS Wigpid & 45 fdad 7 |37 AT Agfd vd 20 fegd 4
WIYF BRI G~ HIAT BT | FEiRT 3@l 7 {997 bl gfaa | R
& o & Rafd 9 PR 09ed! oifdd W H (45+20=65) <L
I |

15,93 @ U 99 &I TRUST qAT §9d UgArq AN Ui 9y =g fded
g9 Hal (After sales service) UG &I ST |

16?1%113@' AYfddhdi /®BH §RT YD & Wd W WG FeR T FIF DI

wigT (MaiRa Amers &jﬂN) BT B TG T HRAMIT STRIT | Tgfeiabdl

BH gRI 49T ¥ FRfad ufbar § < 81 &l Refd § W@ 09 wR W
DD B AT BT FHEE 7 o # e wu q fhar SEr gFed
B |

17. I3 3MMYfeihal gR1 T4 WP Bloed (RHDSDHDSEHTH) bl Al HeR Bl

SITF®RT SUST&] HRaT 81 |
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18. FIF AT G YERWIG W1 Aiiecd gRA®! (Hgarel) Sl fb ud g
=Y vTeT § &1, e BT uerE @ S |

19. FIF IMYFIHAT §RT TRCHR DHIR Hex AT BT ST ToI el BT Fa)
P STTHNT UhDh Wb leek Bl IUucte] BT B |

20. T 99l @& |1 =7 fa<i 99 & SRE @fUd gol 993 3 Hw@
fSTer fa=iy 7 100 a1 g6 AF B8 @ Reafa 7 F=a e e w
PEHR HIX Avex WG fhar ST 3Mashd BN | 39 & IR HH I HH
Uh dbfadl Ffdd TG SR 9 9™, ddisd %] d UdT gefid
7ot gop1S, Tl 9 JadTST U SUATE] BT BT |

21.37R HTAC ®H gRT TR« # farq ant afed arq fa<ia ad d@ 500
IT 9 IAE HIF IR o & Ol SRR PRI IR HEHR HIAR Hex
WIUT HRAT R 7980 B9 A HH 5 ThIBIGHT 8N | §9db -H, HeTed
TR d Ud GRT BB, STl ghls, T T dadlse R SUA]
BT BT |

22 WUd fhy 99 a1l 931 & STel AAeIHAaR f[vrfia Jearse =
TS B BRI | I SIST UAS Hol- & UIH foad dom U 94 WU+ &
Wﬁﬂﬁﬁmwﬁmﬁﬂ@u@—c’)ﬁmaﬁml

23. BRIGRN ®H gRT WG FIAT BT UdD faAre! (SA—I, SJels—RIdwR,
W—m@?aaﬂa@r—mﬁ)zﬁaﬁmﬁ@rwmmawwﬁw
T SHIE B IR AT BT |

24. BRI BH §RI UG Bl WIRWIG HATHE) T AT TR SRR
UGS &l ST |

25 FRIERT BHE & WR A YERWEG Il Clauses &1 TRIRGT A T
JH=d o Sl | Ed a1 G99 7 AT UBR & Blee @
Rafd ¥ STR—TER TdFbR 7 HIeAT Us |

26. THAT UHR & Wiec B ol SIh, Cllbld, had, 3—Hel IT 3T Wb A
g B9 B RAfd & 99 o feadi ¥ mdvde wU 9 Alsc gHI Ife
SIRY W 9 WX HIIArel & S |

27. HIUGR BH ¥ IAUeT &I Il © fb g8 dgfad a1 4 WIAR U Bl Kid
Y A o G35 Ribrgd & 5 Qg9 7 awaed wu 9 YA a1 fhar o
qD |

28. G & WG H1Y & fAharar & Refad ¥ w8 &1 9 TR Rard &)
ST BT T Ui AT SO e AT b WRGId bl [ABeIdr IR BH Bl
DIl Al H STl S B BRIAEl b ol Faodl, e [oig &1 sifaH
ISy fie feere, a1 ¥ Igfd, RHDS &1 81T |

14. 996 B AT

1. JAMAGA—UF & A AP WS YKd BRI T HDS BRI H HYD
e X3 ST AT |

2. FIF B ATA ATY[d UG U =g I (BT A2 HH ¥ HH 60 A1) Td
STel T Ut HRaTT |

3. Wifde FAUA g 3y R & 9 ArrRil Jurawd W AT 3 URaR
@ RTeR wew @ SuRefa gRfed & |
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4, FIF B 1 BRIGRNT BH ERT BRI SIRAT | WieR 0 |39 & Ifad
RI— I T GRAT B TR STFHIRI {YB DI 811 |

5. WG AR U9 HIF b FAT b gRT [dgfd / fSoiell diae | 8]
fear ST, Ry S &1 Reffd § driard! s|el § il S |

6. BYP ERI WIT & Ya—ga B &I Rfd § FRYd §¥d & [dwg

i HRIATE eMal W AR SRl T WA ¥ ORI @ TS

e IR Igel! A BT |

7. —urdf srgae |

15. o1 &1 RAre difaeRr —

ST BT AR 8 THTRIRS §RT ORI a9 2016—17 fa=—FQengaR qeeag
JAMYfThdl gRT FIF WO & Fr RAie AT RieH Jaeds wy | WI1iud
AT B | Rete iRy Red dR SO U970 IUAT &1 S7aedd 3 8RN 4
& O gAdg JMYfdedl % &1 e <F &l 81| I Ud el 'R W
RAre AifeRT Ried 9 9 Faras Sl saegd gl & difeR gq
TS YAdg ATYfdadl B gRT 9N Bl Iuclel BRI B |

(Provision for remote monitoring of the installed pumps must be made in the controllers or the inverters
either through an integral arrangement or through an externally fitted arrangement. It should be possible
to ascertain the daily water output, the power generated by the PV array, the UP TIME of the pump
during the year, Number of days the pump was unused or under breakdown/repairs.)
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"BECh SEID! /FHN 7 AR SHoll AEMRT g7 IRATHT 2017—18"

. T

I H AR IS BT AR ™G] DI &9 H @ g BN &F H IR—URARb
Td TR fF SOl @ SUART =g S [TURT §RT AT & hydl 5g AR
IOTT JMETRA o0 gRATST &1 fEaraae fawig 9y 2017—18 # fdhar ST =T 2|
T YRATSTHT STATER ol 8w I AR A (JLNNSM) dT g ol &
aeq feaaa & STl | aRASHT &7 fSaregs WS 9 39 UaR © —

. @YD - YIAdI

HYG T I UEAT & R R A ST g

GieR T 935 3 HP

1. BYP & UE FATH 0.5 aCIR P J—@1Hd 2 |

2. By g1 RETE =g fgu /Ml RudeR /Ruder |33 Aawdd w6
H foram <ird |

3. YD b U Siel WUBY N, ST, B dive, S B AT AT S
AT (QTfrHdH 100 HIeR TERTS) & JIAT 81 | Iad ol AUBYT Il &l

IATH HUEYT fHal FETIER 8 —

B HEll JAdH &THdT (T
Hex #)

1. | STl WU il 1000

2. | fsh 400

3. | BH UIvs 1000

4. | STt BN (Heoll /i 2q) 50

5. | STt Bl (WRfer el =g ) 20

4, YD RI Iod IeMd] I Y B8 /Us+Ie B8 / dAl—cAeq (|cH
1000 @ #HIex) AT fgu wR Wil / hel / Belled / BiY Bd (][TdH 0.5
20) ford o @ @1 A RuspoR / R¥®eR R 05 2. &F | el / §iY
B oI Tl Db HT U BT |

5. RIS Wl YA dTel KDl Bl WAfa | =g~ d B AT fhar S
HHT |

6. el S Ha forad fewfl, Aqeride uive, o 8ol 3fMfe 3fd 8, & o
TPl WU ¥ 3 TIW & AR Iofl WY FIF & ST 2| 9 RO Fael
STl S el DI DI 3 YUl & GR Ioll 87 A R B FEM <
B |

7. JATHNT g Gd AHT=T BBl DI YAHDbdT ST ST |
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8. gl el wd o &, deiie uive, Sid 8l e R Gl H¥d
Ul NIRRT AR Td ool ¥ 5 TIul, 7.5 Tadl I 10 Yadl & AR
IS IR FIH SN AR B, U BBl Bl AR Il T FIA TR IR
3 AUl & U I WX QI IR & d¥Ie) BEIT| UN R H¥h WA D
R R g8 B |

AeR T 9I5 5 HP

1. YD & U YAdH 1.0 2dcdR Al 3AY 3ff¥d BT J—WiH B |
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(Provision for remote monitoring of the installed pumps must be made in the controllers or the inverters
either through an integral arrangement or through an externally fitted arrangement. It should be possible
to ascertain the daily water output, the power generated by the PV array, the UP TIME of the pump
during the year, Number of days the pump was unused or under breakdown/repairs.)
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Annexures

Annexure X

Comments on the Draft Report received from

Agro-Economic Research Centre, Gokhale Institute of Politics and Economics
(Deemed University), Pune, Maharashtra

Comments on draft report

Title of report “Solarisation of Agricultural Water Pumps in
Rajasthan, AERC Report No. 173"

Date of receipt of the Draft January 21, 2019
report

Date of dispatch of the January 30, 2019
comments

Comments on the Objectives  Objectives of the study have been satisfied.
of the study

Comments on the Primary and Secondary data have been
methodology used and analysed

Comments on analysis,
organization, presentation
etc.

The study is a very good attempt to
understand solarisation of Agricultural
Water Pumps in Rajasthan. However the
following may be noted:

(@) In chapter 3, in last column, in case
of Tables 3.1 to 3.4, “Total” may be
replaced by “Average”.

(b) In Table 3.3 Percentage may be
written against (A) and (B).

(c) In Table 3.4 the average operational
landholding size is shown as 2.74
ha. However, a simple average of
three groups may not be proper as
sample size of non-beneficiaries is 5
and non-adopters is 20 while sample
size of beneficiaries is 100. Hence
addition of operational holding of
125 sample households and dividing
by 125 will give the correct average
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7. References:

8. General remarks:

size of operational holding.

(d) Table 3.5 shows decline in cropping

intensity of sample beneficiaries
from 158.55 percent before
solarisation to 155.94 percent after
solarisation. However on p 71, it is
mentioned that there is 17 percent
increase in gross cropped area ....
Wheat, maize showed increase
..However, it is observed that share
of wheat in gross cropped area
declined from 18.49 percent before
solarisation to 16.75 percent after
solarisation. In this context it would
be useful to show actual Net Sown
Area and Gross Cropped Area of
sample households before and after
solarisation.

(e) On p 83, the expenditure on diesel

and electric pumpsets is indicated.
The time period over which this
expenditure is incurred must be
specified.

The actual increase in income of
beneficiaries and non-beneficiaries
before and after solarisation must be
indicated, if possible as this will
strengthen the case for solarisation.
This per hectare income can be
compared with the per hectare
income of non-adopters.

Major references covered

The study is a comprehensive study on
solar pumps in Rajasthan and appropriate
policy measures have been suggested.

9. Overall view on acceptability of report: The report is acceptable and with
suitable changes as suggested the report can be strengthened and then

treated as final.
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Annexure X

Action taken by the authors based on the comments received from the Coordinator
of the study.

e All the comments made by the Coordinator of the study have been
addressed at the appropriate places in this final report.

Authors
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