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RAJASTHAN SOLAR WATER
PUMP PROGRAMME
SUSTAINABLE FUTURE FOR FARMERS
With 4000 solar pumps installed in 2012-13, Rajasthan’s solar pump programme 
is the largest in the world. The solar powered pumps are creating sustainable 
livelihoods in dry areas by integrating water harvesting and drip irrigation 
innovatively, increasing the resiliency of rural areas.

 India’s 

T
he 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 ten for supply of 
irrigation water vs agriculture area. Acute water shortage, erratic rainfall and recurring 
droughts in every district have exacerbated the situation. Over 60 per cent of the 
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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 TO 

HARNESS SOLAR ENERGY

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 energised 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-fl ung areas; almost 70 per 
cent area in the State is classifi ed as desert. Moreover, the ground water has deteriorated 
rapidly in last two decades. Out of 249 blocks, nearly 200 are in the highly critical zone. 
Almost 90 per cent of groundwater withdrawal in the State is utilised through fl ood or 
furrow-irrigation methods with mere 35 to 45 per cent water-use-effi  ciency. 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 (Fig. 1). 
It was thus envisaged that an integrated solar water pump scheme formulated by 
combining various stand-alone government schemes would be indeed benefi cial for the 
region as well as its farmers. Subsidies available under various programmes were clubbed 
and the State committed to grant the total subsidy upto 86 per cent of the capital cost. 
Th e departments of agriculture, fi nance 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. 

IMPLEMENTATION 
Th e 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. Plans are 
being made to install a total of 100,000 solar water pumps in the next fi ve years. Year-
wise target, achievement, etc., are depicted in table 1.

PROJECT GOALS, SUSTAINABILITY AND EFFICIENCY
Project goals
• 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 utilisation of effi  cient irrigation methods
• Narrowing the gap between grid-power demand and supply in the State 

YEAR PROJECT
NO. OF 

DISTRICT 
COVERED

TARGET ACHIEVEMENT
PROJECT 

COST 
(Rs. Cr.)

MWP
PUMP 

CAPACITY 
(WP)

SUBSIDY FUNDING SOURCE

2008-09
Government 

Farms
7 14 14 0.75 0.025 1800 100% RKVY

2010-11 Pilot Project 6 50 34 1.83 0.097 2200/ 3000 86% JNNSM, RKVY

2011-12
First major 

jump
14 500 1,675 95.86 4.967 2200/ 3000 86% JNNSM, RKVY

2012-13
Second major 

jump
33 2,200 4,000 258.29 13.340 2200/ 3000 86% JNNSM, RKVY State

2013-14 
(Projected)

Third major 
jump

33 10,000 10,000 584.69 30.000 2200/ 3000 86% JNNSM, RKVY, State 

TABLE 1: Year-wise Target, Achievement, etc.
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• 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

By installing solar water pumps, many farmers who are ‘off  grid’ are able to access 
electricity which allows them to enjoy modern amenities from watching television, 
using computers and studying at night to recharging cell phones. Also special vocational 
activities have been created with the advent of the solar power. Refrigeration has become 
a reality which expands the ‘shelf life’ of perishable food and is extremely important for 
life saving medicine. Plans for incorporation of solar powered water purifi cation system 
for drinking is on the anvil in Rajasthan. Th e increased income generation provides a 
strong economic incentive for end-users to keep the systems in operation. Further, the 
farmers are being motivated through education and training to keep the pump in good 
working condition.

INNOVATIVE ASPECTS
Convergence of schemes and subsidies: A large number of Government of India (GoI) 
schemes are being implemented by the State’s horticulture department, comprising 
of National Horticulture Mission (NHM), National Mission on Micro Irrigation 
(NMMI), National Mission on Medicinal Plants (NMMP), National Bamboo Mission 
(NBM), Jawaharlal Nehru National Solar Mission (JNNSM), Rashtriya Krishi Vikas 
Yojana (RKVY), and State Plan Programmes. All these schemes were studied in 
detail and various permutations and combinations were examined. Finally, the water 
harvesting structure (WHS) schemes for creation of surface water resources like farm 
ponds and drip irrigation under NHM were combined with JNNSM, RKVY, and the 
State resources. Functionally, the base was the JNNSM on which other schemes were 
made to ride. Financially, the resources were tied; 30 per cent subsidy under MNRE 
and 56 per cent subsidy from RKVY; if RKVY support dwindled, the State government 

 Fig. 1: Solar water pump system – with drip irrigation
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THE SOLAR PUMP 
PROGRAMME TARGETS 
WERE MADE PART OF 

THE CHIEF MINISTER’S 
BUDGET ANNOUNCEMENTS 

SO THAT THE INITIATIVE 
GETS GENUINE 
ACCEPTANCE

was to fi ll the gap to make the total subsidy total 86 per cent. Presuming that the cost 
of a solar pump system is about Rs. 5,00,000,  the farmer would need to pay only Rs. 
70,000 (14 per cent of solar pump system cost) - equivalent to the cost of the pump. 
Th e fi gure of  86 per cent subsidy was thus arrived at.

Political will: Th e solar pump programme targets were made part of the Chief 
Minister’s Budget announcements so that the initiative gets acceptance, and focused 
eff orts were made at all levels, particularly for arranging funds through MNRE, RKVY, 
or the State through its fi nance department. Th e RKVY is an additional and almost 
untied source of funding for state schemes. Th e horticulture department could prevail 
over RKVY source once the solar pump programme started showing signifi cant progress; 
the initiative proved to be an effi  cient utiliser of RKVY funds, and subsequent funding 
from RKVY came more easily.

Decentralization: Earlier, sanctions, payments, etc. were released only from the 
State headquarters but, with large scale enhancements of targets, the system of issue 
of sanction, release of funds to fi rms, etc. was decentralised and the district authorities 
were empowered to issue the same. Th e District Horticulture Development Societies 
(DHDSs) under chairmanship of District Collectors were made eff ective entities in 
implementing the scheme. Initial reservations at the State headquarter were removed 
with the gradual success of the programme and close interactions with fi eld functionaries, 
collectors, and public representatives. Th e decentralisation freed the skeletal state level 
staff  and allowed them to concentrate on policy and its implementation; the benefi ciaries 
too did not need to come to State capital for work related to the scheme.
Solar panel manufacturers: Initially, there was a great debate whether manufacturers 
of solar panel alone, or motor alone, or suppliers of solar panels or motors be permitted 
to bid. After a lot of deliberations it was decided that only manufacturers of solar panels 
could bid. Th e overall average cost of the solar pump system of about Rs. 5,00,000, 
almost 80 per cent of which if for the solar panels, and remaining 20 per cent accounts 
for motor and allied equipment. It was decided that only solar panel manufacturers, 
who could actually maintain the system after supply, could bid.

 Solar water pumps
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STRUCTURAL PROVISIONS FOR SUSTAINED SUPPORT 
Maintenance: It is mandatory for the fi rms to guarantee free-of-cost maintenance 
for fi ve years from the date of installation and then after-sales service for another 
fi ve years. Th is condition was borrowed from earlier experience of the public works 
department, that the condition and quality of roads constructed by the contractors, 
with a fi ve year maintenance clause was more superior than the roads constructed with 
one year maintenance. Th us larger the maintenance period obligation the better the 
quality, as the contractor tries to save himself from future problems. Th e maintenance 
is ensured with the arrangement of technical and other staff .
Insurance: Th e equipment is insured against natural calamities etc.
Civil work: Th e system must be supported on six legs fi rmly entrenched through civil 
structures that can primarily bear wind load. Th e supplier should provide an additional 
light outlet of 100W for lighting during pump operation and one home lighting system, 
as an integral part of the system. 
Testing: One major snag in the solar pump scheme was unreliable test reports about 
solar panel and pump performance. Th e facilities of MNRE viz. solar lab at Gurgaon, 
was visited by the authorities to see the testing procedures and reporting of results, 
under various conditions. 
Management information system:  A 43-column format has been developed, to be 
maintained by manufactures, and district and state authorities, which will be helpful in 
development of an integrated system.

TRANSPARENCY AND STAKEHOLDER PARTICIPATION
Transparent selection of benefi ciaries: Th e applications from the prospective 
benefi ciaries were obtained by district authorities in widely advertised campaigns so 
that every farmer had equal accessibility and opportunity to apply. When number 
of applications received was larger than the target for the district, then selection of 
benefi ciaries was made by a draw of lottery, and the list of the selected benefi ciaries was 
declared publicly.
Transparent e-tendering: In order to establish transparency, e-tendering was resorted 
to. Adequate time-line, pre-bid conferences and removal of confusions ultimately led to 
short-listing of 4 manufacturers for 2011-12 and 12 for 2012-13. Two stage bidding, 
technical and fi nancial, was adopted. Once the vendor for L-1 was declared, most of 
the other bidders agreed to supply at L-1 price which became a benchmark for the 
whole State. Th e installations being widely dispersed, short-listing of a large number of 
manufacturers proved to be a boon. 
Involvement of farmers in supplier selection: Th e selection of a supplier for the 
solar pump system, out of the empanelled fi rms was left to the benefi ciary i.e. farmer. 

 Farm yields are increasing because of use of solar water pumps
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A interaction between the benefi ciary and prospective supplier indirectly imparted 
considerable technical knowledge and prompt after-sale service arrangements to the 
benefi ciary. Th is liberty to benefi ciaries brought in transparency in the whole process, 
and the suppliers competed to win the trust of the benefi ciaries.

ECONOMIC AND SOCIAL IMPACTS
Impacts on livelihood: Th e initiative has made far-reaching desirable impacts to the lives 
of farmers and their families, conserved the resources precious to the State (groundwater 
and energy), and harnessed the clean and free solar energy. Th is stand-alone initiative 
has been contributing eff ectively towards addressing the multiple challenges of
• enhancing the total irrigated area under cultivation in Rajasthan while reducing 
groundwater and grid-connected electricity consumption/requirements by utilising 
solar power available in abundance and deploying drip-based micro-irrigation systems 
at large scale.
• addressing some of the most crucial challenges being faced by Rajasthan viz. need 
for effi  cient utilisation of water resources; reducing the gap between power demand 
and supply; enhancing irrigated area thereby agriculture productivity; harnessing solar-
energy resources available in abundance.
• making agriculture a remunerative occupation for farmers by way of replacing the 
requirement of expensive grid-power with solar power and by facilitating enhancement 
of farm productivity, 
• saving precious groundwater by promoting drip-based effi  cient irrigation system that 
has 90 per cent water-use-effi  ciency compared to 30-45 per cent in case of fl ood or 
furrow method.

Successful deployment of integrated solar water pumps has increased the availability 
of water for irrigation and the cultivable land as compared to the fl ood irrigation. Access 
to water has increased agricultural production. Yield of crops, particularly horticulture 
crops, increased substantially (3-4 times) by incorporating additional agricultural 
technologies like greenhouse, polynet, shade-net and fertigation, and cultivating exotic 
produce like pomegranate, coloured capsicum, and gerbera fl owers. Th ousands of 
farmers, especially small holding farmers have signifi cantly improved their quality of 
lives.
Service delivery time: Earlier the Department was catering to only about 50 solar pump 
systems in 2010-11, but it increased to about 4,500 units in 2012-13. As a corollary, the 
service time per unit has reduced correspondingly.
Evaluation: Rakesh Dalal, Indian Institutes of Technology (IIT), Mumbai, ‘Assessment 
of Solar Pump Scheme in Rajasthan’, June 2013, concluded “more than 50 per cent of 
the farmers were able to recover the invested amount within 1 to 2 years…100 per cent 
farmers are satisfi ed with the performance of the solar pump(s)” Nidhi Prabha Tewari in 
her research supported by IWMI-TATA in 2012 ‘Solar Irrigation Pumps - Th e Rajasthan 
Experience’ concluded “…solar pumps are seen as a potential powerful solution to 
government’s inability to provide agriculture power connections and farmers are seeing 
solar pumps as both a pumping and an energy solution”. Institute of Public Auditors of 
India’s independent evaluation states that the “... department has done a commendable 
job towards developing solar energy of approximately 50,000 kWp capacity by the end 
of 2013-14 in a very short span of almost three years (2011-14)”.

REPLICATION POTENTIAL
Rajasthan has become a world leader in the area of integrated solar water pump systems. 
Th e technology, systems, and models have been well proven in Rajasthan, where more 

INTEGRATED SOLAR 
WATER PUMPS HAVE 

INCREASED THE 
AVAILABILITY OF WATER 
FOR IRRIGATION AND THE 

CULTIVABLE LAND AS 
COMPARED TO THE FLOOD 

IRRIGATION. 
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than 10,000 solar water pumps in all the 33 districts of the State have been successfully 
installed, a national record as certifi ed by the ‘Limca Book of Records’. Th e experience 
and learnings of installations in Rajasthan can be leveraged for signifi cant scale up 
elsewhere on similar lines. Now that the technology; and administrative, fi nancial, and 
regulatory systems have been tried and fi rmed up, replication everywhere will be limited 
mainly by the resources available.

Rajasthan was the lone State which had innovated, scaled up and implemented the 
programme successfully. Presentations of Rajasthan’s experience were done in the states 
of Tamil Nadu and Maharashtra. Presentations are to be made in Assam, Himachal 
Pradesh, Karnataka and Uttar Pradesh. Planning Commission, GoI, too is to be given 
a presentation relevant to secretaries to GoI. Th e scheme was also presented in the 
Michigan State University, USA, which is supporting proposals under USAID for 
countries like Liberia, Kenya and Malawi.

A huge potential exists for bringing the costs down with economies-of-scale and 
thereby creating a self-sustaining market with minimal government support. Th e solar 
technology is foolproof and large scale replication of the scheme for the farmers of India 
is possible. Th e manufacturers may operate the project on BoT basis with the assistance 
of the government. Large scale adoption and production of solar energy will lead to 
further cost cutting. Th e feasible costing and the assistance from the state or central 
government will encourage more farmers to opt for the technology. With the partnership 
of state energy departments and corporations, and private partners, the technology can 
be disseminated at large scale. Private entrepreneurs can invest in agriculture and rural 
sector through BoT. In India, there is vast scope of replication, with estimated 2,00,000 
solar pumps (on surface or ground water bodies, depth up to 100 m, power up to 5 HP) 
in next 5 years. Th e expected total investment, at Rs. 5,00,000 a system, is Rs. 10,000 
crore (1.6 billion USD).

It is estimated that the Rajasthan initiative, with 1,00,000 solar pumps installed in 
next 5 years, will extend the irrigation facility to additional 3,00,000 hectare resulting 
into a manifolds productivity enhancement.

ENVIRONMENTAL IMPACT - EMISSIONS/CLIMATE PROTECTION
Th e improvements owing to solar initiative are estimated in table 2. With 4,000 solar 
pumps, most of them of 3000Wp each, the installed capacity is about 12 MWp during 
2012-13. Th is has resulted in replacing the generation of grid-electricity, generated 
mainly through consuming conventional fuels like coal and gas. Many of the solar 

 There are more than 10,000 solar water pumps in all the 33 districts of Rajasthan
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water-pumps have been installed in the areas where grid-electricity is unavailable or 
inadequate.

An estimated 12,000 ha of additional land has been brought under irrigation. With 
at least two crops every year compared with the earlier scenario of having just one 
monsoon-fed crop in entire year, 24,000 ha has been irrigated. Many farmers have 
growing three crops a year and have opted to far more remunerative horticulture/cash 
crops including vegetables and fruits. 

Migration to mandatory drip irrigation (it has at least twice the water use effi  ciency 
viz-a-viz furrow method) has saved 48 million cubic meter water. Also 2.4 million litre 
diesel; Rs. 24 million diesel subsidy; Rs. 48 million foreign exchange is saved annually.
Estimated emission of 3,480 kg of CO2 has been avoided.

THE SCHEME, WITH 
1,00,000 SOLAR 

PUMPS INSTALLED IN 
NEXT 5 YEARS, WILL 

SIGNIFICANTLY CURTAIL 
THE LONG QUEUES OF 

FARMERS WAITING FOR 
ELECTRIC CONNECTION

ITEM UNIT TOTAL

No. of pumps in 2012-13 no. 4000

Average solar pump capacity Wp 3,000

Equivalent electric power saved (4000x3000 Wp) MWp 12

Duration in hours a pump runs/day hrs. 6

No. of units saved per day kWh 18

No. of days a pump runs in a year days 200

No. of electric units saved per pump per year 18 x 200 kWh 3,600

Cost per kWh of electricity Rs. 5

Money saved by solar pump per year 3,600x5 Rs. 18,000

Conventional grid, distribution capital cost saved (not considered) Rs. -

Diesel cost saved per year (diesel generation twice costly than electric) Rs. 36,000

Diesel saved per pump per day litre 3

Diesel saved per pump per year litre 600

Diesel saved total, per year (4000 x 600) million ltr 2.4

Foreign exchange saved per year, crude price @ Rs. 20/litre Rs. million 48

Diesel subsidy saved by Govt. per year (24,00,000 x Rs. 10/litre) Rs. million 24

Diesel subsidy saved by Govt. in 15 years (Rs 2.4 Cr x 15 years) Rs. million 360

Area Irrigated per pump per crop ha 3

Area irrigated total, 2 crops a year (4000 pumps x 2x 3) ha 24,000

Water required for surface irrigation per Ha cubic mtr 5,000

Water saved per Ha due to drip irrigation (40 per cent of 500) cubic mtr 2,000

Total water saved, 24,000x2,000 MCM 48

Additional production value due to irrigation through solar pumps Rs. 1,00,000

Total Addl production value due to irrigation through solar pumps Rs. million 2,400

CO2 Emission for one 1 kWh electricity produced by Diesel kg 0.29

Total CO2 generation avoided, 12,000 kWh x 0.29 kg kg 3,480

Curtailment in farmers’ wait-list for electric connection Nos. 4,000

TABLE 2: Measurable Indicators - Rajasthan Solar Pump Programme 2012-13
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ISSUES AND CHALLENGES
Th e Rajasthan initiative has identifi ed a number of important challenges and 
opportunities, for the central and state governments, manufactures, scientists, and so 
on, which can drastically change the scenario for the use of solar energy in rural areas. 
Th e major challenges are storage of unused solar energy, increasing usage of solar energy 
in domestic and community lighting, agriculture, and small scale industry; connecting 
with the conventional grid; low cost funding through UN agencies, federal/state 
governments, CSR; linkages with MNREG etc; mass manufacturing and cost reduction. 

Th e possible opportunities are integration of schemes in the country; national MIS; 
maintenance, insurance, control room, BPO service; R&D for solar in agriculture/
horticulture; solar parks dedicated to use of solar energy in horticulture/agriculture; 
sharing of experiences with countries such as the Netherlands and Israel for effi  cient use 
of water and solar energy. ❂

Th e author is Addl. Chief Secretary to Govt. of Rajasthan, Horticulture Department, 
Secretariat, Jaipur, Rajasthan, Email- dineshkumargoyal@gmail.com
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