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Decentralised Solar Power Generation and Usage:
A Study of Dhundi Solar Irrigation Cooperative
in Gujarat, India

Sonal Bhatt' and S.S. Kalamkar’

Abstract

A novel solar irrigation cooperative was started in Gujarat state in India;
where solar power is generated and used at the farm level for irrigation. The
surplus power is sold to the state electricity enterprise under a guaranteed
power buyback arrangement. This study found that solar-powered irrigation is
an economically viable solution for energy needs of irrigated agriculture; but
the extraction of ground water had increased manifold. However, its impact on
ground water markets and potential long term damage to ground water tables
raises questions about its sustainability as an energy solution for irrigation.
Strong policy intervention to regulate ground water extraction through solar
pumps is required for them to become a sustainable solution for energy needs
inirrigated agriculture.

Keywords: decentralized generation; solar power; solar irrigation, cooperative
JEL Classification: Q15, 025, 028

1. Introduction:

In Indiawhich is country fret with anirregular and ill-spread monsoon;
irrigation is the mainstay of agriculture. Particularly in western India, canal
irrigation is scarce and mostly unreliable in terms of time and duration. This
makes irrigation largely dependent on ground water withdrawal; using driven
witheither electricity or diesel.

Indiacurrently hasabout 15 million electrified irrigation tubewells; with
an estimated power subsidy of about 70,000 crores (Shah et al., 2016). State
governments dare not cut these subsidies owing to their political compulsions.
Besides, the existing electricity supply isinsufficient, non-reliable, fluctuating
in voltage and often available only at inconvenient hours. New electricity
connections are hard to get, with awaiting list running into lakhs. In eastern
Indiaalso, in spite of theabundance of ground water, it cannot be harnessed due
totheshortageof electricity.
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As aresult, irrigation in Indiais done mainly through about 9 million
diesel-run pumps (Chawla and Agrawal, 2016). This burdens the exchequer
with huge subsidies given on diesel; and aso generates environmenta
pollution.

Solar power generation onthefarmitself through installation of solar PV
(photovoltaic) panels; and using the same for extracting groundwater could
just be the solution to address these 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
morereliable, without voltage fluctuation and available during the convenient
day-time. Indiais blessed with more than 300 sunny daysin the year that are
ideal for solar energy generation; aptly supported by promotional policies of
the Government of India(Chawlaand Agarwal, 2016).

2. 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 apparatuscomeswith highinitial fixed costslikethat of equipment,
installation, depreciation, interest, expenses on protection from theft,
vandalism etc. Nevertheless, the marginal costs are indeed ‘near zero’
(operation, maintenance, repairs). The costs of expansioninirrigated areasuch
as procuring of hose pipes to transport water across fields etc. is also much
lesser compared to that for 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. Farming could be extended beyond the kharif season (monsoon);
thusaiding thediversification of crops.

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

Electricity provision in India is the responsbility of the State
governments and a majority of them have been unable to keep up with the
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growing needs of irrigated agriculture. Hence they seem to have lapped up the
idea of solar-based irrigation with zest. The Government of Rajasthan (GoR)
began an aggressive promotion of solar irrigation pumps, offering asubsidy of
asmuch as 86 per cent for the adopters. Governmentsof Bihar and West Bengal
also rendered active support for supplying solar pumpsto small farmers (Shah
andKishore, 2012).

In the age of scarce and costly fossil fuels, solar pumps enable the
farmersto makeimmediate and visible savingson 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 donethrough solar pumps.

In parts of western and southern India which are not only electricity-
scarce but al so water-scarce, Shah and Kishore (2012) advocate small farmers
to form decentralized cooperative networks of solar power producers. These
cooperativescould enablethefarmersto not only fulfill their own energy needs
through solarized irrigation but also gain supplementary income by selling
their surplus. They could become economicaly viable if the state-owned
electricity company were to guarantee a buy-back of solar power from them.
Mishraet al., (2016) also concluded that the of f-grid power productionin 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 conflictsand elitecapture.

Apart from the implicit and realized advantages of solarized irrigation,
there are concerns also. Bass (2015), fears an increase in ground water
extraction. Thisisdueto thefact that the marginal cost of solarizedirrigationis
near-zero, with no incentive for farmersto 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 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 farmersto generate and use
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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 aswell as ground water extraction.
It could alsoinsurethemagainst afailed agricultural season.

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

Kishore et a., (2014) found that solar pumps replaced mainly replaced
diesel pumpsand not el ectrical ones. Therefore, consumption of state-supplied
electricity may fall with the spread of solar pumps, particularly in those areas
whereagricultural power wasnon-metered and highly subsidized.

The promotion of solar powered irrigation based on a huge state-
supported subsidy regime in states such as Rajasthan has been widely
criticized, eventhough the GoR tried to addressthe possible harmful impact on
ground water extraction by laying that subsidy could be given only to the
farmer having a drip irrigation system as well as a farm-pond on his land.
Kishoreet al., (2014) argued that asubsidy to the extent of 86 per cent on solar
pumpswasinefficient and misdirected. Bassi (2015), fearsthat the gainsfrom
subsidy would accrue mainly to resource rich farmers who could meet its
eligibility conditions. Besides, the welfare gains of this subsidy are too little
comparedtotheburdenit would entail onthetax payers.

Kishoreet al., (2014) recommended that pro ratasubsidy 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 alump sum subsidy, hewould
be free to purchase the solar pump-set from the market at his best negotiated
terms. There would be competition amongst supplier firmswhich could bring
down themarket price. Thiscould a so reducethetransaction costsfor the state
whichwouldinturn, cut down on subsidy expenditure.
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Tewari (2012) notesthat empanelled firmscharged priceshigher than the
market, while unregistered suppliers charged much lesser. In fact, if farmers
purchased non-subsidized pumpsontheir own, they would beinstalled without
any delay, cumbersome formalities or corruption. Hence, savings on diesel
costs would begin almost straightaway, compensating for the subsidy
foregone. Kishore et a., (2014) suggests that if the farmers were given
remunerative prices for selling the surplus power to the grid, self-investment
on solar pump-setswould increase, resulting in lesser dependence on subsidies
in the long run. Shah and Kishore (2012) opined that subsidiesin solar pumps
would be meaningless and contradictory if they enriched supplier firmsrather
thanfarmers.

Bassi (2015) vehemently argued that solar pumps are economically
unviablebecausethey arelessefficient than diesel pumpsand also do not bring
any net environmental gain.

In light of the above, this paper attempts to study the Dhundi Solar
Irrigation Cooperative (DSIC). It is the first ever cooperative of farmers for
decentralized solar power generation and usageinirrigation formedin 2015in
Gujarat, India. The study aims to explore the formation of DSIC, its
functioning and economic benefits as well as the experiences of its member
and non-members.

3. Dataand Methodology

Data from Census of India (Gol, 2011) regarding population,
agricultural land; and caste-wise distribution of land holding in Dhundi etc.
wereused. Initially, apilot visit wasmadeto Dhundi. The placement, condition
and functionality of solar panels were observed. Informal discussions were
held with themembers of DSIC, on thebasisof which, adetailed questionnaire
was prepared, which was administered to the respondents. The field survey
wasconductedinMay, 2016.

All the 6 membersof DSIC wereincluded in the sample. Besides, 6 non-
members of DSIC (who were part of initial discussions with IWMI, but
dropped out subsequently) were randomly selected from the names of non-
membersprovided by the DSIC members. Thus,

Total Number of Respondents (12) = Members (06) + Non-members (06)
With the help of information collected from the respondents, simple tabular
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analysis was done in order to understand the economic viability and
sustainability of the DSIC. A SWOC analysis of the DSIC was al so attempted,
which hasbeen presented in thispaper.

4.  Findings:

4.1 AboutStudyArea:

Dhundi islocated in Thasra taluka (Block) of Kheda district in Gujarat
state, India; about 90 km. east of Ahmedabad (Figures 1& 2). It has atotal of
309 families, with a population of 1,473 persons and literacy rate of 74.88
percent. The proportion of Scheduled Castes (SCs) population was only 0.54
per cent and that of Scheduled Tribes (STs) was nil. Most of the farmers are
small and medium land holders. Paddy and pearl millet are major kharif crops
while wheat is the magor rabi (winter) crop followed by amaranth and
tomatoes. During summer, depending on the availability of water, crops like
pearl millet, green gram and long beans/snakebeansaregrown.

Ground water isthemajor source of irrigation. Out of the40 borewellsin
the village, 39 run on diesel and only one is electrified. This is because
electricity connectionsare not easily forthcoming, leaving thefarmerswith no
choice but to operate diesel pumps. All the cultivated land in Dhundi villageis
irrigated.

A cooperativeinstitution is not ararity in Dhundi, whichis not far from
Anand, the cradle of the cooperative dairy revolution in the world. Also,
internationally renowned NGOs like the International Water Management
Institute (IWMI), Anand
and Foundation for
Ecological Security (FES),
Anand etc. are located in
thevicinity.

Figure 1: District-wise Map of Gujarat state, India

TheDSICwasstarted
in Dhundi due to the active
role of IWMI, Anand, who
were the promotors for
DSIC and saw it right
through its conception to
actual formation.

Source: https://www.google.co.in
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Figure 2: Block-wise Map of Kheda District in Gujarat, India

Source: http://www.mapsofindia.com/maps/gujarat/tehsiI/kheda.html

4.2 Nature of Respondents:

Theaverage education of DSIC memberswasjust 7.5 years(Table 1). In
spite of not being highly educated, they exhibited the will to become part of a
novel experiment like DSIC. Farming was the major occupation of all the

respondentsfollowed by animal husbandry and dairying.

Table 1: Social Characteristics of Selected Respondents

Sr. No. Characteristic Members of DSIC Non-Members
1 Gender Male (100%) Male (100%)
2 Average Years of 7.5 6.16
Education
3 Religion Hindu Hindu
4 Caste SC-50%; OBC-50% OBC-100%
5 Major Occupation Farming (100%) Farming (100%)
6 Minor Occupation | Animal Husbandry and Dairying | Animal Husbandry and Dairying
(100%) (100%)

Source: Primary census survey conducted by the researcher in Dhundi, May, 2016
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Asshownin Table 2, amajority of members of DSIC belonged to BPL
(Below Poverty Line) category, while most non-members were of the APL
(Above Poverty Line) category. The average family size was quite large at
around 8 persons per household. All of the land in Dhundi is irrigated;
therefore, rental value of land was reported to be quite high between Rs.
77,500-85,000 per bigha** per year. All the respondents were so far happy
with thefertility of their land. The ground water tablewasalso favorable at 35-
65 feet. Irrigation was completely dependent on ground water. Each
respondent owned adiesel-operated pump to withdraw water.

Table 2: Economic Characteristics of Selected Respondents

Sr. No. Socio-Economic Characteristic Members of DSIC Non Members
APL: 33.33% APL: 66.66%
1| Income Group BPL: 66.66% BPL: 33.33%
2 | Quality of Residence Pucca-50% Pucca-83.4%
y Semi-pucca-50% Kuttcha-16.66%
3 | Mean Family Size (No.) 08 8.5
4 | Mean Land Ownership (Bigha) 2.375 bigha 3.95 bigha
5 | Irrigated Land (% to total land) 100% 100%
6 | Rainfed Land (% to total land) Nil Nil
. o Open well: 50%
7 | Main Source of Irrigation Tube well Tube well: 50%
8 | Average Leased-in Land (bigha) 1.5 bigha 1.16 bigha
g | Rental Value of Leased-in Land Rs. 77,500/bighalyear| Rs.84,375/bighalyear
(Rs./bigha) Y o
10 | Leased-out Land (% to total land) Nil Nil
11 | Perception about Soil Fertility Status Good (100%) Good (100%)
12 | Depth of Ground Water Table (feet)- range| 35-65 feet 35-70 feet
Ground water- 100%; | Ground water- 100%;
13 | Source and Method of Irrigation canal water- Nil; canal water- Nil;
Flood Irrigation-100%;| Flood Irrigation-100%;
14 | Distance from canal (meters) 500-1500 meters 500-1500 meters
15 (C;\évlr;)ershlp of diesel-operated pump set 100% 100%
. . 10 hp-80% 12 hp: 80%
16 | Capacity of motor in the pump-set (hp) 07 hp-20% 05 hp:20%

Notes: **1ha= 4.17 bigha (approximate); hp- horse power;
BPL: An economic benchmark of poverty threshold used by the government of India using various parameters
with inter-state and intra-state variations

APL: All those households which are not classified as BPL
Source: Data from primary survey
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4.3 Inception of Dhundi Solar Irrigation Cooperative (DSIC):

The DSIC was registered on February 16, 2016; while solar energy
generation and its use for irrigation started much earlier on November 23,
2015. IWMI did considerable ground work in Dhundi for about ayear prior to
itsformation. The first meeting with the village farmerswas held on March 5,
2015; followed by many more meetings to propagate solar power generation
and its economic benefits. Long term obligations and legal implications of the
formation of DSIC werealso discussed indetail. Initially about 15 odd farmers
had shown their readiness, but finally a group of six farmers remained to
becomeactual members.

It is noteworthy that one of the farmers of Dhundi, namely Pravinbhai,
was formerly associated with the FES, Anand and was therefore, well-known
also at IWMI. Besides, the village folk also trusted him as one of their own.
Therefore, through his involvement, the initial ice-breaking and trust
development between the Dhundi farmers and IWMI became much easier.
Pravinbhai becamethefirst member of the DSIC and encouraged otherstojoin
aswell. Hecurrently actsasitsdefacto secretary cum publicrelationsofficer.

Thefactorsthat motivated its six membersto join the DSIC presented in
Table 3 indicate that the highest ranked reason was the prospect of avoiding
high costs of operating a diesel pump; followed by non-availability of an
electricity connection for irrigation needs; and hassles in procuring diesel for
running the pumps on aregular basis. Risk-taking instinct of the respondent,
peer-pressure and trust in IWMI were the other important motivating factors;
ranked at fourth, fifth and sixth position respectively by about a third of the
respondents. Clearly therefore, economic factors were most important
motivatorsforjoining DSIC.

Table 3: Motivating Factor/sto join DSIC

Sr. No, Motivation to join DSIC Rank | Per cent (highest single score)

1 | Diesel pump costly to operate | 83.4
2 | Do not have electricity connection I 50

3 | Inconvenience in procuring diesel 1l 66.66
4 | Progressive farmer (risk-taker) v 33.33
5 | Personal relations/peer pressure from other \Y 33.33

members of DSIC
6 | Trustthe NGO and want to support them VI 33.33

Source: Data from primary survey
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Table 4 showsthe ranking of reasons expressed by non-membersfor not
joining DSIC. They hesitated to join mainly because of the requirement to
make initial financial contribution when they were not sure about its success.
The other two reasons mentioned were the lack of funds for making a
contribution and doubtsabout the credibility of IWMI.

Table 4: Non-Members Reasons for Not Joining DSIC

Sr. No. Motivation to not join DSIC Rank Per cent (highest single score)
Hesitation to invest funds I 66.66
Lack of investible funds I 16.66
Did not have confidence in NGO I 16.66
NGO

Source: Data from primary survey

4.4 Financial arrangements of DSIC

The total capital expenditure on setting up PV panels and connecting
them to the grid was close to Rs. 6,000,000. The cost of connecting the solar
panels on the farms with the grid is estimated to be Rs. 100,000 for a1 KV
panel, which would go up in proportion to the distance from the grid. The
members of DSIC were convinced by IWMI toinitially contributeasum of Rs.
54,666 per head (Table 5), which comes to only about 5 per cent of the total
project cost. The rest was borne by the donor agency CCAFS (CGIAR1
Research Programme on Climate Change, Agriculture and Food Security) as
reported by Shah et al., (2016). Expenditure was done on beneficiary-survey,
technical survey, capital equipment like solar panels, pipelines, meters etc.,
installation and operationalization of the solar pumps etc. Electricity
generation and input in the grid was overseen by IWMI. The funds collected
initially from the members were deposited as a corpus in its bank account.
Thus, the only real contribution of the farmers to this venture was of the land
for erecting the solar panels and connecting them with their already existing
borewell onthefarm.

Table 5: Members' contribution to DSIC

Sr.No. | Particulars Amount in Rs/Share in
percentage
1 Mean financial contribution to DSIC Rs. 54,666 (one time)

2 Members willing to contribute additional amount to DSIC 33.33

3 Additional amount that members are willing to contribute to Rs. 40,000
DSIC (per member)

Source: Data from primary survey
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Even as the farmers did not have to share any burden of this cost or its
repayment, their initial contributionto DSIC could be considered substantial in
view of the fact that they agreed to contribute at a point of time when not only
IWMI but theideaof asolar power cooperativeitself wasnovel for them. They
seem to have backed this experiment in the hope of saving their costs on
Irrigation and getting better returnson agriculture. Subsequent to theformation
of DSIC, they have begunto get substantial direct and indirect benefits. In spite
of this, only 33.33% members expressed a willingness to contribute more to
DSIC if the need for additional funds arose for its expansion or up-gradation.
They said that they would still expect the donor agenciesand IWMI to arrange
for additional funds.

4.5 Functioning of DSIC

Solar power generation started since November 23, 2015. However, the
evacuation of power to the grid started only in only in mid-May 2016. There
were no automatic trackers attached to the PV panels, hence, farmers had to
change their direction manually throughout the day in order to capture
maximum sunlight. The land under the solar panels was being used for
cultivation asthe shade under the panel skeeps shifting throughout the day.

Table6: Installation of Solar Panel and Generation of Power

Farmer |No. of |Size of | Power Power generated with | Area Panel Distance from
No. |solar |each |[generation |golar units/day covered Grid  (Meters)
panels | panel |capacity | (November2015to  |by panel
(ft xft) | (units/ day) | May 2016) (ft x ft)
Winter Summer

1 4 3x5 |40 30 40 60 400
2 6 3x5 |70 35 65 90 200
3 6 3x5 |55 40 55 90 0
4 6 3x5 625 40 62.5 90 0
5 6 3x5 |55 40 55 90 1000
6 6 3x5 |60 35 55 90 900

Source: Data from primary survey

Table 6 showsthe detail sregarding number of solar panelson thefarm of
each member, itssize, power generation capacity, units of power generated per
day in different seasons viz. winter and summer [from November, 2015
(winter) to May, 2016 (summer)]. It aso shows the distance of panels on each
farm to the power evacuation point to the grid. This represents requirement to
lay wires, pipesetc. and the cost entailed therein.
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Post the generation of solar power, the pump connected to the bore well
which earlier worked on diesel, started running on solar power. The farmer
irrigated hisown land during the convenient daylight hours. He could then sell
hissurplus power for which, he had two options. One, he could empty itintothe
grid of Madhya Gujarat Vij Company Limited (MGVCL, a government of
Gujarat owned company for electricity production and transmission). He
earned anincomeat therate of Rs. 4.63 per unit for selling power as per the 25-
year power purchase agreement (PPA) betweenthe DSIC andtheMGV CL.

A consolidated (master) meter was installed by DSIC for recording the
total power emptied by DSIC to the grid. Individual meterswere also installed
on individual farms, in order to record their individual contribution of solar
power. The MGV CL would use the records of the consolidated meter for the
purpose of billing and payment for power to the DSIC, which in turn, would
distribute it to its members according to their respective contributions. Since
the readings of the individual meters collectively tally with that in the DSIC,
the whol e process becomes transparent, reliable and easy to understand for the
members.

Second option with the member was to use his surplus solar power in
order to withdraw more ground water from his bore well and sell it to his
neighboring farmers. Therateof buyingwater for irrigationisRs. 100 per hour,
using a5 hp pump. It takes approximately four hourstoirrigate 1 bighaof land.
Hence, the prevalent price of irrigating 1 bigha of land is around Rs. 400.
Approximately 20 units of power are consumed to irrigate 1 bigha of land. If
the member were to sell 20 unitsto MGV CL, hewould get (20 x 4.63) atotal
income of Rs. 92.6/- only. However, if he wereto sell ground water to awater
buyer, hestood to get Rs. 400 at the preval ent market rates. Hence, contributing
surplus power to the grid is not as profitable for him asis the sale of ground
water using solar power.

Prior to power evacuation from the DSIC to the MGV CL having started,
I.e. from November 2015 to mid-May 2016, the farmer could use the power
either for hisown needs or for selling ground water. If he did neither, it would
be smply wasted. In other words, the opportunity cost of using power for
ground water sale was zero during that time. It isbut natural that he would use
most of hissurpluspower for selling ground water, asnotedin Table7.

Table 7 shows the distribution of solar power generated by members of
DSIC. Whilethey empty only about 17 per cent of power to the MGV CL grid
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and use almost the same amount for their own irrigation needs; the bulk of the
power is used for withdrawing ground water and selling it to their fellow
farmers. Hence, value of solar power used for selling ground water ismorethan
seventeen times that of the solar power emptied into the MGV CL grid. The
implicit monetary value of thefarmer’sown consumption of power also stands
at apaltry Rs. 3,386 in the scenario of him using grid power. It would be only
dlightly morethantwelvethousand, evenif hewereusingdiesel.

During the survey, it was found that the DSIC members had resolved to
charge Rs. 250 per bighafor solar-pumped groundwater instead of Rs. 400 per
bighaby diesel pumps. They said that they reduced the rate out of goodwill for
their fellow farmers and mainly because solar power wasfree of cost for them.
Hence, ground water purchase had become de facto cheaper in Dhundi. This
effectively means that the supposed benefit of free solar power is mainly
accrued by water buyersin Dhundi. It does not significantly benefit either the
MGV CL or thefarmersthemselves.

Another significant fact is that the emptying of power from the farmers
towardsthegridisone-way only. Thereisno provision to storethe power at the
DSIC or revert back the power that has been already emptied in the grid. The
farmers opined that if solar power could be stored at the farm level through
mobile solar cells, they could useit for their household needs also; or rent them
out for public functions, processions etc. which could be an additional source
of income. The farmers did not initiate the purchase of solar cells from their
own funds. Instead, they were hoping that the donor agency would provide it
for them. The donors however, revealed no such possibility, since that would
considerably increase their costs. It is noteworthy that in Rajasthan, where the
entire solar power generating apparatus is mobile and can be locked up, it is
transported to and from thefarmsand used by thefarmersfor their irrigation as
well ashousehold needs(Tewari, 2012).
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Table 7: Distribution of Use of Solar Power

Sr.No. Power . Units Percentage Value in Rs.
Generation/Use share
1 | Powersoldto 4910 | 1740 @4.63/unit=Rs.22,733.3

MGVCL (units)

(a) If the farmer were using electricity
supplied by MGVCL @ Rs. 0.70/unit;

. Rs. 3,386.6*
Units used for (b) If the farmer were using diesel
2 | irrigation of own 4838 | 17.14 g

field pump: .

1 liter of diesel approx. @ Rs. 50/liter
is required to generate approx. 20
units of power:

Power used to @Rs.250 per 20 units(required to
3 withdraw water to 18,477 65.46 irrigate one bigha): Rs. 2,30,962.5
sell @400 it could be Rs. 369,540
Total power
4 generated till date of | 28,225 | 100.00%
survey

Note: ** Rate at which electricity is supplied to farmers by MGV CL, as quoted in Shah et al., 2016.
Source: Data from primary survey

4.6 Potential Benefits from DSIC

The DSIC promisesto bring a win-win situation for all, asits potential
benefitsarediscussed asfollows:

To the Members

As per the PPA, the six solar pumps are presumed to have an aggregate
annual capacity of 56.4 KW which can generate annually nearly 85,000 units
of solar energy, assuming 5 units per KW on an average daily basis over 300
sunny daysper year. About 40,000 units could be used by farmersfor their own
irrigation needs. Hence, they could save on roughly 3,600 litres of diesel
required to produce 40,000 units of power for their own irrigation needs.
Assuming the price of diesel @Rs.50 per liter, it comes to a saving of Rs.
1,80,000. The surplus of about 45,000 units could be injected into the grid,
bringing anincome of morethantwo lakhsfor them (Shah et al., 2016 and Nair,
2015 and 2016). There is also a scope for DSIC to include 11-12 more
members; inorder to compl eteitsobligation of 54 KW of power per year under
the PPA.
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ToMGVCL

Duetotheformation of DSIC, theMGV CL issaved from the prohibitory
transaction costs and well as avariety of hassles of getting individual farmers
on board for purchasing solar power from them; paying them on an individual
basis and collecting their small marketable surpluses through individual
meters. Shah et al., (2016) show that power purchasefrom DSIC could also be
cheaper for MGV CL because on an average, it buys power from solar power
companiesat therate of Rs.13 per unit, whereasthe PPA with DSIC freezesthe
priceat only Rs. 4.63 per unitfor 25years.

Additionally, the DSIC would also enable the MGV CL to earn money
from the sale of renewable energy certificates (RECs) against the 85,000 units
of solar power that it would generate. Assuming avalue of Rs. 3,500/megawaitt
hours for the RECs being traded on electricity exchanges; it comes to an
income of almost Rs.3 lakhs. This translates into a gain of about Rs. 18.2 per
unitfor MGV CL (Shahetal., (2016)).

To the exchequer

The subsidy outgo on provision of agricultural power could be reduced
considerably; asunder the PPA, the six DSIC members have surrendered their
right to apply for grid power connectionsfor aperiod of 25years. If they did not
do so, the MGV CL would have been obliged to supply power to them at Rs.
0.70/unit, while purchasing the same at an average of Rs. 5/unit. Moreover, the
grid power consumption of Dhundi farmers would have been 162,000 units,
assuming an 8-hour supply for 360 days @Rs.0.70 per unit. Besides, the cost of
delivery of power borne by MGV CL would have been much more, a Rs. 4.50
per unit. Inthisway, evenif only two-thirds of the power supplied wasused, the
annual subsidy burden of MGV CL would haveworked out to bewell over Rs. 4
lakh per farmer. Besides, it would have had to invest Rs. 2 lakhsfor connecting
every new connection with the grid through poles and cables. The annua
interest and depreciation of this investment even at conservative estimates
would be 20,000 per year. All these expenditures stand to be wiped out with the
inceptionof DSIC.

4.7 Impactof DSIC
DSIC is a novel experiment in solar power generation and usage in

agriculture. Eventhough not much time haselapsed sinceitsinception, it could
beworthwhileto exploreitsimmediate and potential impact.
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(a) OnWater Markets

The prevailing rate of buying water for irrigation through a 5 hp solar
pump is Rs. 400 per bigha. If the water seller were to withdraw water with the
help of a diesel pump, he would be spending on diesel as well as occasional
mai ntenance costs of the pump-set. It was estimated that approximately 5liters
of diesel wereconsumedinirrigating 1 bighaof land. If theprice of diesel were
Rs. 50/litre, he would be spending around Rs. 250 to sell water worth Rs. 400.
Hence, the net profit per bighawould be around Rs. 150. Onthe other hand, if
he sold water withdrawn through the solar pump, operating costs were near-
zero, whilethe pricethat he could charge could be anywhere between Rs. 400
(the going rate) and Rs. 250. If he wereto charge Rs. 400, his net profit would
be more than doubled. Alternately, if he were to charge a reduced rate of Rs.
250 per bigha(asresolved by DSIC members), net profit would still be Rs. 250;
whichismorethan that accrued by using adiesel pump. Hence, itisbut natural
that DSIC memberswere encouraged to extract more ground water and sell it,
albeit at alower price than before. Thiswould result in expanded demand for
ground water in Dhundi.

Thishappensbecause ground water is‘ free’ and extraction of thesameis
not regulated by the state. Hence, it would be economically very profitablefor
DSIC members, given the fact that they are ground water rich and are able to
find enough buyersfor their water. In fact, geographical distance between the
water buyer and water seller is the only factor that could put a tab on the
unabated extraction of ground water in Dhundi. However, if the government
were to bring in stringent laws and regulations for groundwater extraction,
unabated expansion of groundwater demand could be controlled. In another
scenario, if the farmerswere using more diesel to extract and sell more ground
water, the precarious situation of ground water extraction would be more or
less similar. However, it could be said that due to the onset of solar pumps,
ground water extraction is perceived to have become much cheaper and easier,
encouraging thefarmersto gear up their water sales.

Table 8 representsthe changein sale of ground water in Dhundi after the
formation of DSIC. It can be seen that the total hours of water extraction for
sale hasincreased by morethan 135%. However, the number of pumping hours
per day wasreported to have reduced. Thereason for thisas explained wasthat
solar pumps extracted more water per unit of time. Also, instances of break
down, heating up of the motor etc. were found to be rareto nil. The number of
water buyers has more than doubled after the solarization of irrigation pumps,
increasing theincomeof water sellersin DSIC by morethan 400%.
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Table 8: Water Sale to Fellow Farmers through Solar Power

Before DSIC After DSIC

Total hours of water sale (water sale (water sale | Percentage
through diesel through change
pump) solar pump)

Total hours of sale in Rabi season 732 990 +135.24

Total hours of sale in Summer season 900 2188 +243.11

Total number of irrigations in major Rabi crop 54 82 -

Total number of irrigations in major Summer crop 67 107 -

Total number of pumping hours per day in Rabi 46.5* 40** -

Total number of pumping hours per day in summer | 49** 42.5* -

Total number of farmers to whom water sale was 34 78 +229

Aggregate net income generated from selling water | 37,150 1,48,750 +400

Note: **Size of withdrawal pipe remained constant at either 3 inches or 4 inches for different farmers.

Source: Data from primary survey and authors' calculations

(b) OnSavingin Costs of Irrigation

Earlier, farmersincurred high direct costs on buying diesdl, repairs and

maintenance of pump-sets; aswell asindirect costsin terms of time and effort
to procure diesel on aregular basis. These costs have disappeared after they
moved from diesel-powered to solar-powered pump-sets. These savings are
presentedin Table9.

Table 9: Direct and Indirect Expenditure and Savings through Use of Solar-
powered Irrigation Pumps

Sr.No. | Particulars Before DSIC After DSIC
(A) Direct Costs on lrrigation Rs. 13,375/month)x
1 Mean Expenditure on irrigation through diesel per month | = Rs. 1,07,000 per 00
2 Mean Expenditure on repairs of irrigation pump (per year) | Rs.8,250 Nil
3 Direct Savings due to Solar Pumps NA Rs. 1,15,250
(B) Indirect Costs of Irrigation
1 Respondents feeling shortage of availability of diesel 100% NA
2 Mean distance from sale point of diesel 700 meters NA
3 Mean requirement of man-hours to procure diesel (hours 16 hrs/week NA

per week)

. . - Time and effort for

4 Indirect Savings on Irrigation all of the above

Notes: **Sinceirrigation is required only in Rabi and summer, diesel has to be purchased only for 8 monthsin a
year; NA - Not Applicable.
Source: Data from primary survey and Authors' calculations
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The annual savings on cost of diesel after shifting to solar powered
irrigation wasreported to bearound Rs. 13,375 per month. Apart fromthis, one
could also save the bother and expenditure on repairs and maintenance of
diesel engines, which were reported to be around Rs. 8,250 per year. Thus,
direct monetary savings come to Rs. 115,250 p.a. This is a substantial sum
which also bears upon the farmers’ returns from agriculture. Apart from this,
one aso saveson al theindirect costsin terms of time and effort of having to
procurediesel fromthepoint of saleonaregular basis.

(¢) Ontheground water level

Environmental implications of groundwater markets expanded by DSIC
are not to be ignored. Near-zero operating costs of solar pumps were reported
to have resulted in over-extraction of ground water. At present the farmers of
DSICdidnot findit worth getting alarmed, becausethewater tableintheir bore
wellswas quite comfortable. However, inthelong term, thissituation isbound
to get more serious. This issue was discussed with the respondents in greater
depth. It emerged that only 33.33 per cent respondents recognized the negative
impact of over-extraction of ground water. They explained the reason for this
by saying that sincetheirrigation canal wasquite close by; ground water would
becontinually recharged naturally. None of the membershad made any attempt
or expenditureon artificial rechargeof their borewells.

(d) OnUseofDiesel

Use of solar power reduced the dependence on diesel and resultant air
and noise pollution. Table 10 shows the decrease in the usage of diesel post
solarization of irrigation pumps.

Table 10: Impact of DSIC on Use of Diesel

Usage of Diesel on Irrigation Before DSIC After DSIC
Mean Usage of diesel in Rabi (liters per day) 10.83 liters Nil
Mean Usage of diesel in summer (liters per day) 13.33 liters Nil

Source: Data from primary survey
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4.8 PriceIntervention by IWMI

The upsurge of ground water extraction and sale in Dhundi during the
period between May 2015 and November 2015 which has been reportedinthis
paper; was perhaps also due the fact that during this period, the evacuation of
power tothe MGV CL grid had not begun. Hence, if thefarmersdid not useit, it
would simply bewasted, astherewasno provision of storage at thefarm level.
In other words, the opportunity cost of using power for ground water sale was
zero. Hence, their obvious choice wasto increase ground water extraction and
sale through solar power. However, the question is, that if there would be an
opportunity cost associated with using power for ground water sale, i.e,, if the
option of selling power to MGV CL was available, would the farmers continue
with the same approach towards power sale?

The purchase price at which the MGV CL would buy solar power from
the DSIC members has been fixed videthe PPA at Rs. 4.63 per unit for aperiod
of 25 years. The PPA does not provide for any revision or even inflation
indexation during thisperiod. Further, the pricereflectsonly commercial value
of the power, not itseconomic value asarenewableform of energy or thevalue
of itsfavourable impact on ground water sale. If these factors were taken into
account, the entire calculation is likely to change. On the face of it, ground
water sale looks more profitable, because the returns from selling power to
MGV CL at the offered price would be much lower. Unless, the MGV CL were
torevisititsoffer price (whichit doesnot haveto, under the PPA), ground water
salewould continue unabated.

Nevertheless, on closer study, it turns out that there are severa
transaction costs involved in selling ground water to neighbouring farmers,
like for instance that of labour, supervision and measurement of amount of
water. The amount of water actually withdrawn is difficult to ascertain for the
seller. Besides, the payments from neighbouring farmers are mostly received
after a great delay, and often not fully or not at all. Harsh methods cannot be
adopted for recovery, aspersonal relationsareat stake.

On the other hand, transaction costs of selling power to MGVCL are
almost nil for the farmers. The evacuated power is reliably and transparently
recorded through the DSIC meter, priceisfixed and assured; and the payment
is upfront. Hence, the farmers have many reasons to choose to sell power to
MGV CL instead of using it to sell ground water. It isfair to assumethat if the
priceof power purchaseweretoimprove, thiscould actually happen.
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In the light of the above, IWMI decided to top-up the price offered on
power evacuation to the grid to DSIC members from the CCAFS fundsitself,
on experimental basisfor some period of time. Thefinal price per unit paid to
thefarmer worksout asfollows:

MGVCL pays 4.63

Green Energy cess+ 1.25 (paid from CCAFSfunds)
Ground Water Cess+ 1.25 (paid by CCAFSfunds)
Total received by farmer=7.13 per unit

Thiswas donein the hope of making power saletothe MGV CL, dlightly
more attractive. The purpose of IWMI behind this experiment was to
understand whether farmers would change their ground water pumping
behaviour (for own use + sale) if the opportunity cost of selling power for
ground water extraction went up. Whether this change actually happens, is a
matter of further study.

4.9 Sustainability of DSIC

The longevity of any institution depends upon wholehearted
participation of its members; aswell astheir satisfactioninitsactivities. Since
its inception, about 13 meetings in al were held in DSIC (Table 11). It was
reported that all the meetingswere attended by all 6 members. Each of them felt
that at this stage, the decisions of the DSIC were taken by consensus. Elite
capture was not apparent during the field survey. This may not be surprising,
with the present total membership at asingle digit. Membersreported that they
were involved in the functioning of DSIC only to the extent of cleaning and
maintaining the solar panels on their own farms and rotating them regularly.
They did not do any other work of technical nature like arranging meetings,
preparing agenda and minutes of the meetings, maintenance of accounts,
solution of problems faced by fellow members, handling and maintaining of
various records and registers etc. All the above functions were currently
handled by only one particular member only. Capacity-building of members
for running and expansion on their own after the withdrawal of IWMI, wasyet
to bedone. The DSIC had not yet decided its secretary, membership fee, yearly
operation and maintenance chargesetc. In case of adisputein future, theDSIC
may fumble to keep itself afloat due to a lack of competence of most of the
membersin crucial areasof operation.
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Table 11: Participation of Membersin DSIC

Sr.No. | Indicator of Participation Extent of Participation
1 Number of Meetings held in DSIC since inception 13
2 Percentage of members who attended all the meetings | 100%
3 Members who think that decisions in DSIC are taken | 100%
after consulting everyone
4 Functions undertaken by members of DSIC Cleaning solar panels on their own
farms, rotating them regularly

Table 12 showstransparency in the functioning of DSIC and satisfaction
of memberswith theincome from solar power. Memberswere satisfied by the
mai ntenance of meterswhich recorded the emptying of power tothe MGV CL.
However, a mgjority (66.67%) of them were not satisfied with the price for
power offered by MGV CL. Thiswas because they were getting higher income
by selling ground water to their fellow farmersinstead of emptying it into the
grid. Instead of the price of Rs. 4.63 per unit offered to them currently, they
expected anincrease upto Rs. 6-10 per unit (25-50%).

Table 12: Transparency and Satisfaction of Members in the Functioning of
DSIC

Sr.No. | Indicator Yes No
1 Satisfaction with the maintenance of power meters by DSIC 100% | Nil
2 The meters record the units of solar power contributed by me correctly | 100% | Nil
3 Satisfied by the payment offered for the sale of solar power 33.33 |66.67
4 Willingness to contribute more to DSIC corpus 33.33 |66.67

Source: Data from primary survey

4.10 SWOC Analysis of DSIC

EvenastheDSICisinitsinfancy, it hasbeen attempted to makeaSWOC
analysis of its various aspects like formation, functioning, financing and
sustainability asfollows:

Strengths

. The cooperative model of DSIC made decentralized solar power
generation less complicated because the MGVCL was saved from
having to engage with individual farmers. This brings speed and
efficiency in solar power generation anditsevacuationinthegrid.
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It enabled the MGV CL to save on transaction and vigilance costs which
could have been prohibitive if the farmers were not organized through
DSIC.

With theformation of DSIC, the MGV CL could evacuate power through
asinglepoint, which cutsdown ontransmission | 0ssesto an extent.
Payment could be done to at a single point, i.e. DSIC, which saves on
metering and monitoring costsand hasslesof individual payments.

It was able to create a substantial corpus from members initial
contribution.

The process of emptying power to the grid wasreported to be transparent
andfair, whichinspired confidenceamongst members.

Transparency ensuresreliability; and hencelesser possibility of conflicts
betweentheDSIC, itsmembersandtheMGV CL.

Shifting to solar power brought substantial gainsfor thefarmersinterms
of savings on costs of diesel. This improved their returns from
agriculture.

Saving of diesel, anon-renewable resource, also contributesin reducing
thecarbonfootprint of irrigation.

Weaknesses

DSICwasformed and survivescompletely on I WM’ ssupport. Capacity
building of the members or financial planning for self-sufficiency post-
withdrawal of IWMI wasnot done.

Membership fee was not yet decided. No provision made for meeting
routineadministrativeexpenditure.

With use of solar power, irrigation would be possible only during day
time. This may bring more evaporation and greater water use, in turn
Impacting water useefficiency.

There was no provision to store the generated power at the farm level;
making it unavailable for household use or sale for non-agricultural
purposesat thelocal level.

Opportunities

The DSIC promisesto bring awin-win situation for both thefarmersand
the MGV CL. The farmers get free power for their irrigation needs and
the MGV CL could buy power at a cheaper rate than that obtained from
thermal plants.

Removal of need to usediesel pumpsforirrigation couldgoalongway in
liberating the MGV CL and Gujarat state government from the heavy
burden of agricultural power subsidies.
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. The assured power buyback guarantee from MGV CL opens up another
avenue of income generation for small-holder farmers and insures them
against afailed agricultural season.

. In future, power sale by DSIC could be opened up for private electricity
companiesaswell.

. If thefarmer wereto get acompetitive pricefor power saletothegrid, he
could bediscouraged from over-extracting ground water.

Challenges

. If the upsurge in sale of ground water were not dealt with urgently, it
could haveavery negativeimpact on ground water levelsinthelong run.

. Smooth functioning of DSIC would be challenging after the withdrawal
of support by IWMI.

4.10 Conclusion

TheDSIC could betermed successful model in reducing the dependence
and costs of diesel or electricity for irrigation. It also providesthe farmer with
another avenue for earning supplementary income. However, the sale of solar
power to the MGV CL is not attractive for the members at the tariff offered at
present, which iswhy they choose the more profitabl e option of selling ground
water to their neighbouring farmers. This has resulted in an upsurge in ground
water extraction, decreasing its price and expanding thewater market to agreat
extent. Although it brings cheer to members of DSIC and their neighbouring
farmersintheshort term, inthelong termit threatensafall in the ground water
table. The MGV CL needsto revisit its power purchase priceto discouragethis
phenomenon. It could also explore the possibility of redesigning the Power
Purchase Agreement (PPA) with DSIC to enforce a large amount of solar
power whichismadeobligatory to besuppliedtoMGV CL.

Thus, DSIC could be an economically viable model of decentralized
solar power generation. This makesit areplicable model for nations similarly
endowed with ample sunlight and ground water tables. However, it is
necessary to devise a policy which not only encourages solar pumps but also
managesto regul ate ground water extraction through them. Only then, would it
becomeasustainabl e solution for energy needsinirrigated agriculture.
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49 41 Saving and Investment in an Agriculturally Prosperous Area (A Case Study in the
' " | Kota District, Rajasthan), 1972-73, by S.L. Bapna, May,1975.

43 49 Levels of Agricultural Development in Tehsils of Rajasthan, by M. T. Pathak and
' " |M.D. Desai,August, 1975.

44 493 Development of Agricultural in the Backward Regions of Gujarat: Facts and Issues,
' by Mahesh T. Pathak, Mahendra D. Desaiand A.S. Charan, January, 1974.

45 4% A Study of Storage Space for Foodgrains (A Micro Study of Cambay Taluka,

Gujarat), by S. L. Bapna, February, 1975.
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No.
Saving and Investment in an Agriculturally Prosperous Area: A Study in the
46. 43. | Kota District, Rajasthan, 1970-71, 1972-73, General Report, by S.L. Bapna and
Case Studies, by H.M. Verma, Oct, 1975.
47 44 A Study of Impact of Famine and Relief Measures in Gujarat and Rajasthan
' " |(with Special Reference to the Banaskantha & Barmer Districts), by K. M.
48 45 An Economic Profile of the Kadana Irrigation Project and its Command Area, by
' " |D.M. Brahmbhatt, March, 1976.
49 46 Factors Affecting Milk Supply to Co-operative Dairies in Gujarat: A Study of Amul and
' " | Dudhsagar Dairies, by V.C. Patel & M.D. Desai, April, 1976.
50 47 Saving and Investmentin an Agriculturally Prosperous Area (A Study in the Surat
' " |District, Gujarat) Combined Report 1969-70/1971-72, General Report by M.D.
51 48 Transforming Tribal Agriculture (An Evaluation of the Leap Forward Project of the
' " |Gujarat State Fertilizers Company Ltd., by D.M. Brahmbhatt & M. T. Bapat,
52 49 Some Aspects of Agricultural Developmentin Gujarat (1949-50 -1974-75) (AReview
' " | &Final Report), by Mahesh Pathak, M.D. Desaiand H.F. Patel, April, 1977.
An Evaluation of Drought Prone Area Programme (A Study of the Jodhpur and
53 50. |Jaisalmer Districts in Rajasthan), by R.D. Sevak and S.D. Purohit, Case Study by
V.M. Patel, May, 1977.
4 P Plan-Crop Insurance Scheme for Hybrid-4 Cotton in Gujarat (An Evaluation of
54, 51. |the Promotional Project "Package of Practices for Productivity and
Prosperity” of the GSFC Ltd.), by K.M. Choudhary, August, 1977.
55 52 Working of Farmers' Service Societies in Gujarat (Two Case Studies of Tribal Areas
' " |inGuijarat) by D.M. Brahmbhatt & M. T. Bapat, January, 1978.
Economic Relationship between Crop Farming and Dairying in a Developing Area: A
56. 53. |PL-480 Micro-Level Study of South Gujarat, by A.S. Patel and N.S. Jodha,
January, 1979.
57 54 Block Level Plan, Balasinor Taluka (Kheda District, Gujarat), by Mahesh
' " |Pathak and N.R. Shah, October, 1979.
58 55 Performance of Hybrid Bajri in Gujarat, 1966-67 to 1976-77, by R.D. Sevak and D.
' " | M. Brahmbhatt, March, 1980.
59 56 Block Level Plan, Thasra Taluka (Kheda District, Gujarat), by Mahesh Pathak
' " |and Navin R. Shah, September, 1981.
60 57 Evaluation of Intensive Cotton District Programme and Aerial Spraying Scheme in
' " |theBaroda District, Gujarat, by K.M. Choudhary, June, 1981.
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Report

Sr. No. No. Title of Report
61 58 Socio-Economic Profile, Narmada Command Area (Ahmedabad District), 1981),
' " | FirstPhase Report—June, 1982.
62 59 Inter-District Variations in Agricultural Developmentin Gujarat (1949-50 to 1978-79),

by Mahesh Pathak and H.F. Patel, August, 1982.

63. 60. | Soil Testing Service in Rajasthan, by R.D. Sevak, September, 1982.

61 Working of Small Farmers' Development Agency: Bharuch District, Gujarat, by M.T.

64. Bapat, March, 1983.

Working of Small Farmers' Development Agency: Udaipur District, Rajasthan, by S.

65| 62| Purohit June, 1983,

Production and Marketing of Mangoes in Gujarat, by D. M. Brahmbhatt, January,
66. 63. 1984

Socio-Economic Profile: Narmada Command Area (Ahmedabad District Second
67. 64. |Phase Report), September, 1985, 2nd phase report, Tables March, 1985 (Published
Reportno. 58).

68 65 Economics of Dairy Enterprise in Gujarat (Sabarkantha District, Gujarat), by R.M.
' " |Patel, K.M. Choudhary, R.D. Sevak and V.D. Shah, September, 1985.

69 66 Social Forestry Programme in Rajasthan (with Special Reference to Dungarpur and
" |Bharatpur Districts, Rajasthan), by D.M. Brahmbhatt, June, 1985.

Economics of Tubewell Irrigation in Gujarat, by Mahesh Pathak, A. S. Pateland H. F.

70| 67 I patel May, 1985.

Cost of Milk Production in Gujarat (A Case Study of Mehsana District), by R. D.

7.1 68 | sevak June, 1986,

72. 69. | Groundnut Development Programme in Gujarat, by Navin R. Shah, July, 1986.

Repayment of Minor Irrigation Loan of Land Development Bank in Gujarat (A Case

73 0. Study of Dhanera Taluka of Banaskantha District), by V.D. Shah, September, 1986.

74 71 Cost of Milk Production in Rajasthan (A Case Study of Bhilwara District), by S.D.
' " | Purohit, October, 1986.

75 79 Socio-Economic Profile of Action Research Programme Area in Mahi Kadana

Irrigation Project, by D. M. Brahmbhatt, September, 1987.
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76 73 Intensive Pulse Development Programme in Gujarat (Case Studies of Panchmahals
' " |andBharuch Districts), by Madhukar Bapat, July, 1987.
Price Support Operations for Mustard Seed by NAFED in Rajasthan by Rajnarayan
7. 74.
Indu, August, 1987.
78 75 National Rural Employment Programme in Gujarat (A Case Study of Kheda District),
' " |byD.M. Brahmbhatt, V.M. Pateland V. J. Dave, November, 1987.
79 76 Evaluation of Catchment Area Development Programme (A Case Study of
' " | Dantiwada Catchmentin Gujarat), by Navin R. Shah, November, 1987.
80 77 Some Reflections on Integrated Dry Land Agricultural Development (A Case Study
' " |ofRajkot Taluka, Gujarat, by R.M. Patel, February, 1988.
Evaluation of Public Distribution System in Rajasthan by K. M Choudhary, May,
81. 78.
1988.
82 79 Socio-Economic Profile of Action Research Programme Area  in Mahi-Kadana
' " |lrrigation Project by D.M. Brahmbhatt, May, 1988.
83. 80. |Fertilizer Consumptionin Gujarat, by V.D. Shah, March, 1989.
84 81 An Evaluation Study of Bajra Minikit Programme (A Case Study of Jaipur District in
' " |Rajasthan),by S.D.Purohit, March, 1989.
85. 82. | Terms of Trade for Agriculture (A Case Study of Gujarat), by M. L. Jhala, April, 1989.
Recent Trends in the Cost of Cultivation in Gujarat, by A. S. Patel and H.F. Patel,
86. 83.
September, 1989.
Prospects of Increasing Oilseed and Pulse Production in Gujarat, by N.R. Shah,
87. 84.
January, 1990.
88 85 A Profile of Employment in Rajasthan-Case Studies of Barmer and Jaisalmer
' " |Districts, by D.M. Brahmbhatt, V.M. Patel, V.J. Dave & H.M. Verma, November,
89 86 Action Research Programme - An Interim Evaluation (A Case Study of Mahi-Kadana
' " |lrrigation Project), by A. S. Patel & D. M. Brahmbhatt, October, 1991.
90. 87. | Transportation of Agricultural Products in Gujarat, by H. G. Patel, February, 1993.
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Title of Report

91. 88. | SomeAspects of Land Use Planning in Gujarat, by Rajeshree A. Dutta, March, 1993.

Impact of Fertilizer Price Hike on Gujarat Agriculture, by Mahesh Pathak, V. D. Shah

92| 8% angM.L. Jhala, June, 1993.

93 90 Evaluation of Watershed Development Programme (A Study of Two Districts in
' " |Rajasthan), by S.D. Purohit, March, 1994,

94 91 Inter-District Variations in Agricultural Development in Rajasthan-1956-57 to 1989-
' " 190, byD.Bagchi & H. M. Verma, March, 1994.

95 92 Economic Viability of Small and Marginal Farms in Rainfed Agriculture (A Case
' " | Study of Bhavnagar Districtin Gujarat), by V. J. Dave, June, 1994.

9% 93 Economic Viability of Smalland Marginal Farms in Irrigated Agriculture (A Study
' " |ofPanchmahals District in Gujarat), by V.G. Patel, July, 1994.

97 94 Inter-District Variations in Agricultural Developmentin Gujarat: 1949-50 - 1991-92,
' " | byMahesh Pathak, H.F.Patel and Rajeshree A. Dutta, October, 1994,

98 95 Recovery Performance of Institutional Farm Credit in Rajasthan (An In-depth Study
' " |inBharatpur District) by D.M. Brahmbhattand V.J. Dave, September 1995.

99 9% Emerging Problems of Agricultural Marketing (A Case Study of Tomato in Gujarat),

by V.M. Patel, November, 1995.

100 | 96/1 |Impactof Subsidies onAgricultural Developmentin Gujarat, by R.A. Dutta, 1995.

Evaluation of Engineering Structures under Soil Conservation Scheme (A Case
101 97. | Study of Chambal RVP and Sahibi FPR in Rajasthan), by S.D. Purohit and H.M.
Verma, November, 1995.

Emerging Problems of Agricultural Marketing (A Case Study of Mustard in Gujarat),

102 1 98|\ NR. Shah, December, 1995,

103 99 Decentralized Planning in Agriculture and Rural Development (A Case Study
' " |of Bharuch district in Gujarat), by D.M. Brahmbhatt, May, 1996.

104 100 Emerging Problems of Agricultural Marketing (A Case Study of Banana in Gujarat),
' " |byV.M. Patel, Sept, 1996.

105 101 Evaluation of Engineering Structures under Soil Conservation Scheme (A
' " | consolidated report of AERC Studies), by S.D. Purohit, August, 1996.

106 102 Impact of National Watershed Development Project for Rainfed Areas (NWDPRA) in
' " | Gujarat, by V. D. Shah and V.G. Patel, December, 1996.

Analysis of Trends in Operational Holdings in Gujarat, by Rajeshree A. Dutta, March,
107. | 103. 1997
108 104 Analysis of Trends in Operational Holdings in Rajasthan, by Rajeshree A. Dutta

and H.M. Verma, March, 1997.
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108 104 Analysis of Trends in  Operational Holdings in Rajasthan, by Rajeshree A. Dutta
' " |andH.M. Verma, March, 1997.

109 105 Evaluation of Fish Farmers' Development Agencies in Gujarat (A Study in
' " | Valsad, Panchmahals and Rajkotdistricts), by V.J. Dave, September, 1997.

10 106 Economics of Export oriented Horticulture Crop Chiku (Sapota) in Gujarat (A Case
' " | Studyin Valsad district), by V. J. Dave, July, 1998.

M1 107 Oilseeds Development Perspective under Liberalised Economy, by Rajeshree A.
' " |Duttaand H.M. Verma, July, 1998.

12 108 Production and Utilisation Pattern of Milk at the Rural Producer's Level in Gujarat,
' " |byV.D. Shah, Oct, 1998.

13 109 Economics of Pulses Production and Identification of Constraints in Raising their

" | Productionin Rajasthan, by H. M. Verma, October, 1999.

114 10 Economics of Pulses Production and Identification of Constraints in Raising their
' " | Productionin Gujarat, by V. G. Patel, February, 2000.

15 " Role of Co-operative Credit in the Development of Different Size Group of Farmers
' " |inGujarat (ACase Study in Rajkot district), by V.J. Dave, February, 2000.

16 12 Impact of National Watershed Development Project for Rainfed Areas (NWDPRA)
' " | (ARapid Assessment), by V.D. Shah, December, 2000.

17 13 Evaluation of Management of Seed Supply in Oilseeds and Pulses in Gujarat, by

" |RajeshreeA. Dutta, H.M. Verma and C.F. Patel, December, 2000.

18 114 Evaluation of Management of Seed Supply in Oilseeds and Pulses in Rajasthan, by
' " |V.D. Shah, April,2001.

19 15 Likely Impact of Liberalised Imports and Low Tariff on Edible Oil Sector in Rajasthan,
' " | byRajeshreeA. Duttaand H.M. Verma, July, 2001.

120 16 Evaluation of Fish Farmers' Development Agencies (FFDA) in Rajasthan, by Dilip
' " |Bagchiand H. M. Verma, August, 2001.

121 17 Assessing the Existing Training and Testing Facilities of Farm Machinery in Gujarat,
' " | byMahesh Pathak, H.F. Pateland V.D. Shah, October, 2001.

129 18 Flow of Credit to Small and Marginal Farmers in Gujarat, by Shri V. J. Dave and Shri
' " | Dilip Chauhan, January, 2002.

123 19 Role of Co-operative Credit in the Development of Different Size Groups of Farmers
' " |(AConsolidated Study), by V. J. Dave, June, 2002.
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124 120 Assessing the Existing Training and Testing Facilities of Farm Machinery in

Rajasthan, by H. M. Verma, April, 2002.

Evaluation of National Oilseeds and Vegetable Qils Development (NOVOD) Board
125. | 121. |sponsored Development Programmes for Promotion of Qilseed crops in Non-
traditional Areas: Consolidated Report, by Rajeshree. A. Dutta, January, 2003.

Review of State Agriculture Policy in Rajasthan (Part | and II), by Dilip Bagchi,

126. | 122 I eobruary, 2004,
197 123 Impact of Minimum Support Prices on Agriculture Economy of Gujarat, by V. D. Shah
' " |andH.F. Patel, August, 2003.
Rural Non-Farm Employment in Gujarat, by Rajeshree A. Dutta and S. R. Bhaiya,
128. | 124.
March, 2004.
129 125 Co-operative Marketing Societies: Reasons for Success and Failures in Gujarat, by
' " | V.J.Dave, June, 2004,
130 126 Building Up of an Efficient Marketing System to Obviate the Need for Large-scale
' " | State Interventionin Gujarat, by P.K. Singh, May, 2004.
131 127 Agro-Economic Research for Agriculture Policy (Gujarat and Rajasthan Experience:
' " 11980-2004), by Mahesh Pathak and V. D. Shah, July, 2004.
Review of State Agriculture Policy in Gujarat (Part | and Il), by Arun S. Patel, July,
132. | 128.
2004.
133 129 Role of Water Markets in Groundwater Management in Rajasthan, by H. M.Verma
' " |andS.R.Bhaiya, October, 2004.
134 130 Co-operative Marketing Societies in the States— Reasons for Success and Failure (A
' " | Consolidated Report), by V. J. Dave, September, 2004.
135 131 Participatory Irrigation Management in Gujarat (A Study in Mehsana, Anand

Bhavnagar Districts), by H. F. Pateland V. J. Dave, September, 2006.

Viable Entrepreneurial Trades of Women in Agriculture: Rajasthan, by Rajeshree A.
136. | 132.
Dutta, December, 2006.

Study for Estimation of Seed, Feed and Wastage Ratios for Major Food grains in

137,113, Rajasthan, by Rajeshree A. Dutta, February, 2007.

138 134 Returns to Bt. Cotton vis-a-vis Traditional Cotton Varieties in Gujarat State, by V. D.
' " | Shah, May, 2007.

139 135 State Budgetary Resources and Agricultural Development in Rajasthan, by
' " | RajeshreeA. Dutta, September, 2009.

140 136 State Budgetary Resources and Agricultural Development in Gujarat, by Rajeshree

A. Dutta, December, 2009.
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141 137 Impact Evaluation of Revised National Watershed Development Project for Rainfed
' " | Areas (NWDPRA) during 10th Planin Rajasthan, by V D Shah, January, 2010
142 138 Evaluation of Comprehensive District Agriculture Plans (C-DAPs) of 3 Districts of
' " | Gujarat, by Mahesh Pathak and V. D. Shah, January, 2011.
143 139 Impact of NREGA on Wage Rates, Food Security and Rural Urban Migration in
' " | Rajasthan, by Mrutyunjay Swain and Shreekant Sharma, April, 2011.
Possibilities and Constraints for Increasing the Production of Pulses in Rajasthan
144, 140. |and Impact of National Food Security Mission on Pulses, by Rajeshree A. Dutta and
K. M. Kapadia, May, 2011.
145 141 Impact of NREGA on Wage Rates, Food Security and Rural Urban Migration in
' " | Gujarat, by V D Shah and Manish Makwana, May, 2011.
146 142 Impact of National Horticulture Mission (NHM) Scheme in Rajasthan, by M. Swain,
' " |R.H.Pateland Manish Kant Ojha, September, 2011.
147 143 Evaluation of Comprehensive District Agriculture Plans (C-DAPs) of 3 districts of
' " |Rajasthan, by Rajeshree A. Dutta and Dilip Bagchi, November 2011.
148 144 Economics of Fodder Cultivation and its Processing and Marketing in Gujarat, by V.
' | D. Shah, Manish Makwana and Shreekant Sharma, November, 2011.
149 145 State of Rajasthan Agriculture 2011-12, December 2012, by M.N. Swain, S.S.
' " | Kalamkar and Manish Kant Ojha.
State of Gujarat Agriculture 2011-12, December 2012, by M.N. Swain, S.S.
150. | 146. .
Kalamkar and Kalpana Kapadia.
151 147 Problems and Prospects of Oilseeds Production in Rajasthan: Special reference to
' " |Rapeseed and Mustard, February, 2013, by M.N. Swain
152 148 Problems and Prospects of Qilseeds Production in Gujarat: Special reference to
' " | Groundnut, April 2013, by M.N. Swain.
153 149 Evaluation of Price Support and Market Intervention Scheme in Rajasthan, April
' © 12013, S.S. Kalamkar, M. R. Ojhaand T. B. Parihar.
154 150 Marketed and Marketable Surplus of Major Foodgrains in Rajasthan, April, 2013, V.
' " | D. Shah and Manish Makawana.
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Assessment of Pre and Post Harvest Losses in Tur Crop in Gujarat, May 2013, by

195. 151. Rajeshree A. Dutta, Manish Makawana and Himanshu Parmar.
156 152 Assessment of Pre and Post Harvest Losses in Soybean Crop in Rajasthan, May,
" 12013, by Rajeshree A. Dutta, Manish Makawana and Himanshu Parmar.
157 153 Agro-Economic Research for Agriculture Policy: Gujarat and Rajasthan Experience
' " 1(1961-2013), November 2014, by Mahesh Pathak, S.S. Kalamkarand V. D. Shah
158 154 Adoption of recommended doses of fertilizer on soil test basis by farmers in Gujarat,

December 2014, by Mrutunjay Swain, S. S. Kalamkar and Kalpana Kapadia.

Impact of National Food Security Mission (NFSM) on Input use, Production,
159. | 155. |Productivity and Income in Gujarat, March 2015, R.A. Dutta, S.S. Kalamkar and M.
R.Ojha.

Relationship between wholesale prices, retail prices, and details of contributing
160. | 156. |factors for the price difference of Onion in Gujarat, March 2015, by S. S. Kalamkar
and M. Makwana.

Socio-Economic Impact of Check Dam constructed near Tarakpur Village of
161. 157. | Khambat Taluka of Anand district, by S.S. Kalamkar, H.P. Trivedi, S.R. Bhaiya and D.
J.Chauhan, July 2014

Estimation of Changesin Income and Cost of Production owing to Changes in Inputs
162. | 158. |and Hybrid Seeds for major Crops of Gujarat, by S.S. Kalamkar, M.N. Swain and
S.R.Bhaiya, December 2014

Socio-Economic ImpactAnalysis of Introduction of Renewable Energy Technologies
163. | 159. [inFive Tribal Villages of Gujarat, by S.S. Kalamkar, M.N. Swain and Samir Vohara,

March 2015
164 160 “Impact Evaluation of Rashtriya Krishi Vikas Yojana (RKVY) in Gujarat’, March
' " 12015,by S.S. Kalamkar, S.R .Bhaiyaand M. Swain.
165 161 “Impact Evaluation of Rashtriya Krishi Vikas Yojana (RKVY) in Rajasthan@, March

2015by S.S. Kalamkar, and Mrutunjay Swain.

166 162 Soil Health Card Programme in Gujarat: Implementation, Impacts and Impediments
(CIPT), January 2016, by Mrutunjay Swainand S.S. Kalamkar

Evaluation and Assessment of Economic Losses on account of Inadequate Post-
167 163 |harvest Infrastructure Facilities for Fisheries Sector in Gujarat State, March 2016, by
H. Sharma, M. Swainand S. S. Kalamkar
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Studies for Planning Commission, GOI

Sr. Report ,
No. | No. Title of Report
01 ACZ13- | Profile Report- Agro-Climatic Zone No. 13, Gujarat Plains and Hills Region, by
1/1988 Dr. Mahesh Pathak, Dr. A.S. Patel and Dr. H. F. Patel, 1988.
02 ACZ13- | Strategy for Agricultural Development in Gujarat during the Eighth Plan-Agro-
2/1988 | Climatic Zone No. 13, by Dr. Mahesh Pathak, 1988.
03 ACZ14- | Profile Report- Agro-Climatic Zone No. 14, Western Dry Region, Rajasthan, by
111988 Dr. Mahesh Pathak and Dr. Dilip Bagchi, 1988.
ACZ14- Strategy for Agricultural Development in Gujarat during the Eighth Plan-Agro-
04 Climatic Zone No. 14, Western Dry Region, Rajasthan, by Dr. Mahesh Pathak,
2/1988 1988
“Impact Evaluation of Rashtriya Krishi Vikas Yojana (RKVY)-Gujarat and
05 ACZ13- | Rajasthan [worked as partner Institution for data collection and feeding work
1/1988 | for the states of Gujarat (8 districts) and Rajasthan (7 districts), March 2014
by S.S. Kalamkar.
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Working Papers published

Sr Month of
Nc; WP No. | Paper Title Author/s publication &
’ pages
“Price Support and Market | S.S. Kalamkar,
01 | 2013/01) Intervention Scheme in | M.R. Ojhaand OCti?jBZOB’
Rajasthan” T. B. Parihar pp. ’
“Problems and Prospects of . . May 2014,
02 2014/01 Oilseeds Production in Gujarat” Mrutyunjay Swain pp. 1-52
“ . Mrutunjay Swain,
Adoption of recommended
03 | 2015/01| doses of fertilizer on soil test :nés Kalamkar Mayl?é)él >
basis by farmers in Gujarat”, . pp. '
Kalpana Kapadia
“Impact of National Food Securit
04 2015/02 Miszion (NFSIM) on Input tljsle){ SAS ?(lzjatlt:rlnkar& June 2015,
Production, Productivity and S~ pp.1-42.
; . " M. R. Ojha
Income in Gujarat
“Relationship between
Wholesale Prices, Retail Prices, | S.S. Kalamkar Sept. 2015
05 | 2015/03] and Details of Contributing | and p1'_52 '
factors for the Price difference of | M. Makwana PP '
Onionin Gujarat”
Marketed and Marketable
06 2016/01| Surplus of Major Food grains in \l\ﬁl.aa.isihagl?vr\;gna Julyﬁgg&
Rajasthan pp. )
Socio-Economic Impact of ﬁ lsj _Ilfr?\lgr(rﬂkar, October 2016
07 | 2016/02| Tarakpur Check Dam in | o' Bhaiya and pp. 1-38
KhambhatArea of Gujarat D. J. Chauhan
ggﬁlg\;vi%crgtémng:rlmpact of S. S. Kalamkarr, November
08 | 2016/03 cEnergy M. Swain and 2016
Technologies in Tribal Villages of
Gui S. Vahora pp. 1-38
ujarat
Decentralised Solar Power December
09 2016/04 Generation and Usage: A Study | Sonal Bhatt and 2016
of Dhundi Solar Irrigation S. S. Kalamkar pp. 1-37

Cooperative in Gujarat, India
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