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Abstract
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Structure

Government programmes generally address a few specific challenges whose impacts remain confined to 

limited aspects of lives of targeted beneficiaries.

The innovative initiative in Rajasthan (a State in India) of combining stand-alone federal and state 

government schemes and effective implementation is creating unprecedented synergies, addressing multiple 

challenges, mobilising stakeholders, making far-reaching impacts in farmers' lives, conserving precious groundwater 

and conventional energy and harnessing solar energy. The author shares how the programme was conceptualised and 

implemented on large scale in remote areas, a composite off-grid irrigation package comprising of creating water 

harvesting structures, collecting water, drawing through solar-powered pump-sets  and irrigating through drip 

irrigation.

 

From 34 solar pump systems installed in 2010-11, the figure rose up to 4000 in 2012-13. The target for 2013-

14 is that of 10,000 thus making it the largest solar pump programme in a State and anywhere in the world.
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Introduction

Rajasthan is faced with acute water shortage. It has about 10% land and 5% of 

country's population but only 1% water sources. Thus, taking the population as a 

common denominator, Rajasthan has a disadvantage by a factor of two in terms of 

geographical spread of its population and hence of agriculture land. It has a 

disadvantage by a factor of five in terms of availability of water; combined together, a 

disadvantage factor of the order of ten when it comes to supply of irrigation water to its 

agriculture fields. Further, erratic rainfall and recurring droughts have exacerbated the 

situation. Over the last 100 years, on an average, almost every district in the state has 

experienced drought in one form or the other.
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Over 60 percent of the State's population depends on agriculture/ horticulture for 

their livelihood which is often marred by low productivity mainly due to inadequate or 

non-available irrigation. The State has more than 15.7 million hectare of land suitable 

for agriculture out of which just 35 to 38 percent is irrigated. About 70 percent irrigation 

is done through wells/tube-wells energised mainly with grid-power/diesel-

generators. There is a long queue of farmers seeking electricity connections for 

irrigation purposes. At present, approximately 60,000 farmers are waiting to get a grid-

based electricity connection to help them use electric motors on wells for irrigation 

purposes. Moreover, expanding electric-grid is not feasible in many far-flung areas of 

the State, almost 70 % of which is desert.

The ground water situation in the State is alarming and has deteriorated rapidly 

in last two decades. Out of 249 blocks, nearly 200 blocks are in the highly critical zone. 

The situation is of grave concern since almost 90 percent of total groundwater 

withdrawal is being utilized mainly through flood/furrow-irrigation methods in the 

State which have mere 35 to 45 percent water-use-efficiency.

Nonetheless, 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.

Purpose of the initiative

• Enhancing irrigated area in the State and giving farmers an opportunity to 

diversify to remunerative high-value horticulture crops thereby increasing 

productivity 

• Groundwater Conservation through utilisation of efficient irrigation methods

• Narrowing the gap between demand and supply of power and reducing the 

waiting time for  grid electricity connection 

• Harnessing available solar-energy resources to replace the expensive and 

polluting diesel pump-sets

• Providing irrigation facility to farmers living in remote locations where electricity 

grid is less likely to be extended in near future

• Saving farmers of the drudgeries of irrigating during night or early morning 

hours, usually when the grid-power is most often supplied to agriculture 

consumers on the ropes

Strategy

The state government fixed targets through the State Budget announcement and 

sought Government of India funds through Ministry of New and Renewable Energy, 

National Horticulture Mission, National Mission on Micro Irrigation among others.  

While subsidy was converged under assorted government schemes, technical back up 

was sought from State's Energy department and regulatory framework developed for 

effective implementation. The Rajasthan Horticulture Development Society was 



Rajasthan Solar Water Pump Programme 293

aggressively involved for short-listing and empanelling manufacturers of solar panels. 

The District Horticulture Development Societies, district collectors and other field 

functionaries were extensively involved for implementation and monitoring and 

ensured coordination of synergies among State Government Departments 

(Horticulture, Finance, Agriculture, Energy), Government of India departments 

(MNRE, Agriculture) and stakeholders (beneficiaries, manufacturers, public 

representatives).

Desired benefits

• Enhanced agriculture productivity

• Adoption of drip-irrigation

• Reduced farmer queues for grid 

connections

• Reduced burden of electricity distribution 

companies

• Replacement of polluting diesel pump-sets with environment friendly solar pumps

• Multi-fold impacts especially creation of livelihood for rural folks

Period of Implementation and Achievements

Large scale implementation of the scheme was initiated  in 14 districts with the 

installations of 1675 solar pumps in year 2011-12.  All the 33 districts were covered in 

the next year i.e. 2012-13 with installation of 4500 solar pumps. The initiative continues 

to expand with an ambitious target of installing 10,000 solar pumps during 2013-14 as is 

shown in Table1.

Table 1- Yearwise targets and achievements 

Strategies adopted for transformation

Convergence of Federal schemes and State Support

A large number of Government of India (GoI) schemes are being implemented by 

the State's Horticulture Department, comprising National Horticulture Mission 

(NHM), National Mission on Micro Irrigation (NMMI), National Mission on Medicinal 

*4000 by 30.06.2013
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Plants (NMMP), National Bamboo Mission (NBM), Jawahar Lal Nehru National Solar 

Mission (JNNSM), Rashtriya Krishi Vikas Yojana (RKVY) and state plan programmes.

All of these schemes were studied in detail and various permutations and 

combinations were considered. Finally the water harvesting structure (WHS) schemes 

for creation of surface water resources and drip irrigation under NHM were combined 

with JNNSM, RKVY and State resources. Functionally, the base was the NSM and 

financially, the resources were tied; 30% subsidy under MNRE and 56% subsidy from 

RKVY and/or State resources. The tie up was posed to RKVY's State Level Sanctioning 

Committee (SLSC) which provided the additional support; if RKVY support dwindled, 

Government of Rajasthan (GoR) promised to fill the gap to make the total subsidy as 

86%.

 Upward scaling of targets

It was then planned to scale the solar water pump programme to unprecedented 

heights. From a mere target of 50 in 2000-11, it was scaled to 500 (10 times i.e. 900% 

increase) for 2011-12; to 2,200 (4.4 times over i.e. 340% increase) for 2012-13; to 10,000 

(4.55 times over 2012-13 i.e. 354% increase) for 2013-14. In terms of achievement, the 

performance was even better as can be seen in Table 1. 

Decentralization of implementation process 

Earlier, the sanctions, payments, etc. were released from the State Headquarter, 

but with large scale enhancements of targets the  decentralised and the 

district authorities were empowered to issue the same. Thus, the District Horticulture 

Development Societies (DHDSs) under the chairmanship of District Collectors were 

made effective to implement the scheme. Initially, there were some reservations at the 

State level but the gradual success of the programme and close interactions with field 

authorities, collectors and public representatives removed apprehension at the State 

headquarter level. The decentralised process also freed the skeleton staff at the state 

level to concentrate more on policy making and its implementation; the beneficiaries 

also did not have to come to State Capital for every work relating to the programme 

implementation.

Solar Panel manufacturers alone to Bid

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. In the 

overall average cost of the solar pump system, say about Rupees five lacs, about 75% 

cost is for solar panels and 25% for motor and allied equipment. This approach of bids 

only from solar panel manufacturers attracted the serious bidders who could actually 

maintain the system after supply.

Structural Provisions to Ensure Sustained Support for Beneficiaries

Maintenance: It was made mandatory for the manufacturers-cum-suppliers to 

guarantee maintenance free-of-cost for five years since the date of installation and then 

system was
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after sales service for another five years. This condition was borrowed from the 

experience of  PWD where the roads constructed with a five year maintenance clause, 

the condition/quality of such roads was found much superior, compared to the roads 

constructed with one year maintenance; the larger the maintenance period greater the 

obligation on the contractor for better  quality. The equipment is insured for natural 

calamities etc.

Civil work, Auto tracker, 100w bulb: The system must be supported on six legs firmly 

entrenched through civil structure that can bear wind load and protect from attack by 

cattle. The supplier should provide an additional light outlet of 100W for lighting 

during pump operation, one home lighting system, as an integral part of the system. 

Testing of pumps and panels: A major snag in the Solar Pump programme was 

unreliable test reports about Solar panel and pump performances. A 43-column format 

has also been developed to be maintained by manufacturers, and district and state 

authorities which will be helpful in development of integrated MIS.

Transparency and stakeholder participation

Transparent selection system: The applications from the prospective beneficiaries were 

obtained by district authorities in widely advertised campaigns so that every farmer 

had accessibility and equal opportunity for applying. Wherever the number of 

applications received exceeded the target for the district, selection of beneficiaries was 

made by DHDS under district collector by draw of lottery. Then the list of selected ones 

was declared then and there.

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. Soon, the competition 

came into the play and the best of manufacturers bid for the programme. Two stage 

bidding, technical and financial, was adopted. Once the vendor for L-1 was declared, 

most of the other bidders agreed to supply at the L-1 price which became a benchmark 

for the whole State of Rajasthan. The State being so widely dispersed, short-listing of a 

large number of manufacturers rather proved to be a boon. 

Transparent and active involvement of beneficiaries in selection of supplier: The 

selection of a supplier for the solar-water-pump-set out of the empanelled 

manufacturers-cum-suppliers was left to the beneficiary i.e. farmer who was 

approached by almost all the short-listed ones. A thorough interaction between the 

beneficiary and prospective supplier indirectly imparted a lot of technical knowledge 

and prompt after-sale service arrangements to the beneficiary. Giving this liberty to 

beneficiaries has brought transparency in the whole process as well as created 

competition between suppliers to win the trust of the beneficiaries.

Innovation and replicability

The initiative has several unique/distinct aspects including integration of various 

schemes of GoI such as JNNSM, RKVY, NMMI, and NHM, as well as the State-support, 

if required, to make the total subsidy 86% of the capital cost.
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 The initiative has made exceptional and far-reaching desirable impacts directly to 

the lives of farmers and their families, conserved the resources precious in the State 

(groundwater and energy) and harnessed the potential of clean and free solar energy in 

the state. This stand-alone government initiative has created unprecedented synergies 

and effectively contributing towards addressing multiple challenges that the State 

faces. 

Economies-of-scale and BOT: Huge potential exists for economies-of-scale as the 

model is scalable and replicable in other States. The solar technology is foolproof and 

able to replicate on large scale for the farmers of the country and even globally. The 

manufacturers may adopt the States to commission and operate the project on BoT basis 

with the assistance of the government. Presently, the cost of solar energy appears high 

but large scale adoption and production will lead to further cost cutting. The feasible 

costing and the assistance from the state/ central government will encourage more 

number of farmers to opt for the technology. With the partnership of state energy 

departments, Vidyut Vitaran Nigams and private partners, the technology could be 

disseminated at large scale. Private entrepreneurs can invest in agriculture and rural 

sector through BoT. 

There is a vast scope of replication of this initiative in India, with estimated 

2,00,000 solar pumps (on surface water bodies or ground water bodies up to 50m depth, 

connections up to 7.5 HP) in next 5 years. The expected total investment, at ̀  5,00,000 a 

system, is about ̀  10,000 crore (` 100 billion, or 1.6 billion US$).

Efficiency and effectiveness of outcomes

The 'Scheme' is increasingly contributing towards enhancing the total irrigated 

area under cultivation in the State 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.

This single initiative has been contributing towards addressing some of the most 

crucial challenges being faced by the State viz. need for efficient 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.

Combining capital subsidies available under various schemes for farmers, this 

opportunity has contributed towards making agriculture a remunerative occupation 

for farmers by way of replacing the requirement of expensive grid-power with solar 

power and by enhancing farm productivity, saving precious groundwater by 

promoting drip-based efficient irrigation system that has 90 percent water-use-

efficiency compared to 30-45% percent in case of flood/furrow method.

Sustainability of the initiative

Past system's maintenance: To ensure sustainability of the solar pump systems already 

installed, suppliers are mandated to provide maintenance free-of-cost for five years 

since the date of installation and after sales service for another five years.
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Cost-benefit analysis: The overall economic benefits in terms of energy and water 

saved, emission curtailed, crop production enhanced, etc. needs to be captured, 

quantified and pooled through appropriate institutional mechanism. Further, non-

economic benefits too need to be considered and quantified and factored into the cost-

benefit analysis. 

Economies-of-scale and BOT: There exists a considerable scope for bringing the costs 

down with economies-of-scale and thereby creating a self-sustaining market with 

minimal government support. As mentioned above, for instance, the manufacturers 

may commission and operate the project on BOT basis with minimal assistance from 

the government. Large scale adoption and production through solar energy will lead to 

cost cutting. With the partnership of state and non state agents the technology could be 

disseminated at large scale. The future invites private entrepreneurs to invest in 

agriculture through BoT.

Precedent created: Now that the administrative, financial and regulatory systems have 

been tried and firmed up, up-scaling is limited mainly by the funds and other resources 

available, not only for Rajasthan but also for the other states in the country. For instance, 

Rajasthan's 'expression of interest and bid process' is replicable in other States as well.

Impact/ benefits resulting

Improvement in delivery time of services 

Earlier the DoH was catering to only about 50 solar pump units in a year and now 

to about 4,500 units, an escalation 90 times, i.e. about 9000 per cent. As a corollary, the 

service time per unit has reduced by the same amount.

 Simplified procedures

This initiative is effectively implemented and monitored through the following 

essential and simplified procedure. (An MIS is already approved for development in 

2013-14).

Table 2 – Implementation and monitoring of Rajasthan Solar Pump Programme
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Beneficiary feedback

The feedback from the beneficiaries, public representatives, researchers, 
manufactures and other stakeholders has been positive owing to the transparent 
systems developed as follows:

• Decentralization of the implementation process to district level

• Transparent e-tendering

• Beneficiaries Transparent Selection in camps and through lottery

• Transparent and active involvement of beneficiaries in selection of supplier

• Decentralization of the implementation process to district level

• Structural provisions to ensure sustained support for beneficiaries over the years 
(Maintenance, Insurance, Civil work, Auto tracker, 100w bulb)

Measurable indicators

The estimated improvements owing to solar initiative are as follows:

Electricity saved: Almost all the solar water-pumps have been installed in the areas 

where either grid-connected electric power is not available or availability is inadequate. 

With 4,000 solar pumps, most of them of 3000wp each, the installed capacity is about 12 
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MWp during 2012-13. This has resulted into replacing the generation of grid-electricity 

mainly generated through consuming conventional fuels like coal and gas. 

Irrigation: 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. It is 

reported that many farmers have started having three crops every year and have 

shifted to far more remunerative horticulture/cash crops including vegetables and 

fruits. This initiative has started bringing desirable transformations in the lives of the 

farmers and their families as the incomes have gone up.

Water, Diesel, FE saving: Migration to mandatory drip irrigation (it has at-least twice 

the water-use-efficiency vis-a-vis furrow method) has saved 48 million cubic meter 

Table 3 – Measurable Indicators - Rajasthan Solar Pump Programme
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water. Also 2.4 million litre diesel; ` 24 million diesel subsidy; ` 48 million foreign 

exchange are saved annually.

 Carbon-dioxide: Estimated emission of 3,480 Kg of CO2 has been avoided.

Five year plan: It is estimated that with 1,00,000 solar pumps installed in next 5 years, 

this initiative will significantly curtail the long queues of farmers waiting for electric 

connection, reduce burden on electricity distribution companies and will extend 

irrigation facility to additional 3,00,000 hectare of land which will result into 

productivity enhanced by manifolds.

The benefits? Enhanced agriculture productivity, adoption of drip-irrigation, 

shortened farmer queues for grid-connections, reduced burden of electricity 

distribution companies, replacement of polluting diesel pump-sets with environment 

friendly solar pumps - multi-fold impacts especially creation of livelihood for rural 

folks.

MNRE Motivates other States to follow Rajasthan initiative

In the initial stages, Rajasthan was the only State which had scaled the programme 

to such heights and implemented successfully and, therefore, the Ministry of New and 

Renewable Energy (MNRE), GoI, on 8th February 2012 asked the author to make a 

presentation to MNRE to share Rajasthan experience with other State Secretaries, solar 

panel manufacturers, motor manufacturers, MNRE officers, etc.

Officers from Tamil Nadu visited Rajasthan and had extensive discussions with 

the Principal Secretary of the Department in Jaipur and he was invited by other States 

like Tamil Nadu and Maharashtra to make a presentation of Rajasthan case. MNRE also 

asked Rajasthan to host a National Conference at Jaipur with a view to replicate the 

Rajasthan success story in other States. The Agriculture Department, GoI, asked the 

PSHR to make a presentation in National Conference on NHM on 17.07.2013. A team 

from ADB had extensive discussions about funding the Rajasthan scheme. Queries are 

being made from other countries like Pakistan as well.

Future benefits, issues and challenges

The SWPP of Rajasthan has identified a number of important challenges and 

opportunities for the MNRE, GoR, manufactures, scientists, and so on, which can 

drastically change the non-conventional energy scenario in India, especially with 

regard to use of solar energy in rural areas. A  few are mentioned hereafter.

Storage of unused potential: The solar energy through the solar water pump is utilized 

only for the period the pump is operative which may be for 3-4 hours a day and that too 

not for all the solar days during the year. Thus, the capacity of the solar panels may 

remain highly underutilized. The unused potential can be tapped by way of storage of 

energy in batteries and other devices provided appropriate technologies become 

available and cost effective.

Other usage: The stored potential energy could be used for other alternative purposes 

such as domestic lighting, community lighting, agriculture harvesting, etc.
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Connecting to conventional grid: If enough solar pump units are installed on cluster-

based approach and if conventional grid is already passing through the cluster, or may 

become available in future, then the extra solar energy converted to electrical energy 

can be fed to the grid, for application of grid-energy in-situ or at a distance. Thus, the 

programme may become a net donor to the electric grid rather than drawing from it.

Low cost funding: The solar efforts are to be maintained for a long period of time which 

condition requires that adequate subsidies are made available. Alternatively, there is 

need for low or zero-interact cost funding especially from UN agencies, federal 

governments, state governments and one attractive and meaningful funding can be 

sourced from Corporate Social Responsibility (CSR) obligation of the companies.

Linkages with MNREG etc.: The solar programme can be tagged on with the already 

on-going programmes like the Mahatma Gandhi National Rural Employment 

Guarantee Scheme, the Rashtriya Krishi Vikas Yojana and so on.

Reduction in subsidy: Any programme should be able to withstand on its own feet, 

although the solar pump programme may take a while before doing so. At least 25% 

subsidy may be required for say another 10 years or so, and the federal/state policies 

need to cater to this requirement.

Carbon credit: The solar pump programme is an excellent candidate for claiming 

carbon credit. But presently, the application process is cumbersome, numbers of 

consultants available are inadequate and the consultancy costs are high. There is need 

for training the staff particularly that of the implementation agency who would qualify 

for obtaining carbon credit. As the market for carbon dioxide trade is highly fluctuating, 

and sometime solar pump programes may not even be feasible in terms of application 

cost vs the sale amount realized, it is essential that not too many stakeholders  

(implementation agency, beneficiaries, subsidy or finance providers, suppliers of solar 

panels/pumps, etc.) make separate claims; only the implementation agency should 

take up this task. Also, the net sum realized may be flown back to 

financing/subsidizing of future solar pump projects.

Mass manufacturing and cost reduction: If the programme picks up to a significant 

level, then the manufacturing costs of solar panels and pumps can be reduced 

substantially. If definite and systematic orders flow to the market, through a 

transparent and a time-line approach of the federal / state governments, then the 

manufacturers will be encouraged to upgrade and establish new unit and the 

competition will cause reduced prices. The ultimate benefit will be to the beneficiaries 

and the exchequer.

Integration of scheme in the country: Presently, only a couple of States like Rajasthan 
have implemented solar pump programme in a well coordinated and transparent 
manner, with a large number of target beneficiaries. Efforts need to be replicated 
elsewhere also, particularly in the states with adequate solar isolation. Presentation of 
Rajasthan case study was made to Maharashtra and Tamil Nadu by the Principal 
Secretary, Horticulture, Rajasthan. Now, there is a need for national and international 
conferences for dissemination of information among all the stakeholders like the public 
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representatives, public servants, prospective and present beneficiaries, manufacturers 
and suppliers of solar panels and pumps, academicians, scientists and so on. MNRE or 
Ministry of Agriculture or State Government of Rajasthan may host such conferences.

National MIS: The large scale implementation of the scheme requires an integrated 
Management Information System for every stage of the scheme - identification of the 
beneficiaries, filling of application form, selection of beneficiary, indenting for 
equipments through e-tendering, installation of solar panels and pumps, transfer of 
funds through RTGS, follow up and maintenance of supplies, performance 
measurement of equipment and corrective measures and so on. A large amount of data 
needs to be collected and correlated and meaningful reports need to be generated. Any 
large scale mishandling may lead to inappropriate utilization of funds and serious 
audit objections which may impact the future progress of the scheme.

Maintenance/Insurance: Appropriate conditions need to be built in the contracts with 
the manufacturers/suppliers for maintaining the solar panels, pumps and other 
supplies for at least five years. The equipments also need to be insured for natural 
calamities, theft, etc. Stringent provisions will need to be made for theft of solar panels 
and motors and their re-use elsewhere. When adequate equipments have been 
supplied to a particular geographical area, then the supplier must maintain a minimum 
technical staff and control room / BPO service for maintenance of equipment.

R&D for solar in agriculture / horticulture sector: While a larger number of uses are 
made of solar energy in other sectors, the horticulture and agriculture sectors have 
tremendous potential for application of solar energy. Synergies of MNRE and 
Agriculture Department of Govt. of India need to be coordinated and new R & D efforts 
need to be made for more extensive use in agriculture / horticulture sector. MNRE's 
solar pump programme and NHM's drip irrigation programmes may be implemented 
together.

Solar Parks: The federal and State Governments may encourage establishment of solar 
parks especially dedicated to use of solar energy in horticulture / agriculture sector. 
Manufacturers may establish working demonstration units which could be used for 
training, publicity and so on.

Horticulture Department for solar pump scheme: Wherever a State Government has 
created a separate Horticulture Department, it should be the sole responsibility of the 
Horticulture Department to implement the solar pump programme. The State agency 
dealing with non-conventional energy sources may be inadequate to carry out a large 
scale solar pump programme so involving agriculturists as stakeholders who may feel 
more comfortable with agriculture / horticulture department is necessary.

Sharing of Experiences

Learning from each other's experience is essential for constant incorporation of 
new ideas and amendments in the older ones. Countries like The Netherlands and 
Israel have made significant progress in horticulture schemes especially efficient use of 
water and solar energy and, therefore, exposure and exchange visits especially for 
policy makers, farmers, academicians, etc. is worthwhile. Successful implementation in 
India will generate interest of other developing countries, especially neighboring 
countries. Such a network will further reduce prices of equipment and stabilize 
technologies.
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