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Abstract:  

 
Irrigation in India has become increasingly dependent on wells, with the 

consequent impacts on groundwater availability and on energy use for its extraction.  
Efforts have been made over the past three decades – from local pilot projects, to state-
wide programmes – towards improving the efficiency with which groundwater is pumped, 
and for its re-charge and conservation.  In this report, we have compiled the information 
available, from published reports and papers as well as news bulletins, on the field 
activities and studies carried out with respect to efficient water extraction and use for 
agriculture.  Numerous programmes have been included – ranging from cases where a 
few pump sets were focused on, to large programmes addressing thousands of pump sets.  
However, most of the cases involve the replacement/retrofitting of electrically-powered 
irrigation pump sets.   

This compilation has two purposes. Firstly, we are beginning a repository of such 
reports that is publicly accessible and can be expanded with more documents.  As 
importantly, we intend eliciting lessons from past experiences that would benefit future 
programmes, thereby improving irrigation efficiency and contributing to the conservation 
of energy and water. 
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1. Background 
 

Farmers in India have become increasingly dependent upon groundwater for irrigation 
and about 60% of India’s net sown area1 is irrigated with groundwater (MoA-GoI, 2003).  
With the increase in population dependent on agriculture, the land : man ratio has been 
declining from over 0.4 ha/person in 1900 to less than 0.1 ha/person in 2000 (Shah, 2009).  
Farmers perceived the need to secure the means of irrigation which could permit 
intensification and diversification of land use, and the availability of small mechanical pumps 
and boring rigs provided the required technological breakthrough.  During the last 40 years, 
India has witnessed a decline in gravity-flow irrigation and consequently millions of small, 
private tube-wells have come into use. 

 
Most State utilities have been supplying electricity for irrigation-pumping at very low 

(below-cost) rates for over two decades.  Currently, electricity for irrigation is supplied 
practically free2, with unit tariffs being very low or even nil, and only a fixed charge on 
connected load3.  Farmers who can afford the cost of drilling a well can do so (on their own 
land), and if electricity can be accessed, water can be pumped out at negligible energy costs.  
Hence, there is no incentive for efficient electricity use. 

 
This has led to increased rural demand and consequent overloading of the grid.  Such un-

remunerative supply has worsened the financial health of the utilities, leading to low 
investments in distribution system maintenance and improvements.  Consequently, power 
supply quality to rural areas has worsened considerably and the resulting unreliable supply 
(outages, fluctuation in voltage, etc.) has caused frequent failure of motors.  As a result, 
farmers have to spend regularly on repairs; they react by installing rugged locally-
manufactured/retrofitted pump sets that can better withstand poor supply.  But, these are 
inefficient and of higher capacity, overloading the system further and leading to more 
unscheduled power shutdowns.  Utilities argue that failures of pump sets have been occurring 
due to the farmers’ own problems, for example, use of non-standard pump sets, poorly-
maintained and repaired motors, and non availability of LT capacitors (AP-CPDCL, 2009).  
As they get subsidized or free power, farmers cannot complain about quality.  To cope with 
the unreliable hours of supply, pumps are used whenever electricity is available (through 
automatic switches).  While individual irrigation pump sets are not metered (and separation 
of agricultural feeders has taken place in only a few states)4, the agricultural sector is 
estimated to use about 23% of utility-supplied electricity (MoP&USAID, 2009a) 

 
Further, enhanced use of groundwater has led to wells being bored increasingly deeper 

and farmers requiring higher-capacity pumps to lift water.  This extraction has not only 
increased the costs to farmers and the utilities, but progressively worsened water availability 
in various regions.  Of the 5,723 administrative units (blocks/mandals, taluks, districts) in the 
country assessed by the Central Ground Water Board, in 550 blocks, groundwater resources 
were found “semi-critical” or “grey” (in the sense that 70% or more of the known resource 
was already developed), 226 more blocks were “critical” or “dark”, where 70-100% of the 
                                                 
1 This excludes the fields on which more than one crop/year is harvested. Of the country’s gross 
irrigated of 80.54 million ha, 42.5 million ha are estimated to be watered with groundwater.   
2 Punjab, Tamil Nadu and Andhra Pradesh, provide free power to the agricultural sector. 
3 Even these charges are not paid in some regions. 
4 Gujarat (Jyotigram) and Punjab have separated farm from non-farm rural feeders; Andhra Pradesh 
and Karnataka are working on this. 
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resource was already developed, 839 blocks were declared “over-exploited” because their 
annual groundwater draft exceeded the long-term rate of annual recharge (CGWB-MoWR, 
2006).  Threatened blocks include semi-critical, critical and over-exploited, and at present, 
seven states (Andhra Pradesh, Tamil Nadu, Rajasthan, Punjab, Gujarat, Karnataka, and 
Haryana) in peninsular and western India account for 80% of these.  Simultaneously, 
groundwater-stressed areas also have a high concentration of irrigation wells, with the 
majority in the peninsular region being fitted with electric pumps, as shown in Table 1. 
 
Table 1: Groundwater availability and irrigation wells 
State Annual 

ground-
water 
draft 

(billion m3) 
 

 
(1) 

Net annual 
groundwater 
availability 
(billion m3) 

 
 
 

(2) 

Stage of 
ground- 

water 
use 
(%) 

 
 
(3) = (1) / 

(2) 

Number of 
critical 

and over-
exploited 

blocks 
 

 
(4) 

Number of 
irrigation 

wells  
(dug-wells, 

shallow-
wells, deep- 

wells) 
(5) 

Wells with 
electrical 
pumps 

(% of total 
wells) 

(6) 

Andhra 
Pradesh 

14.90 32.95 45 296 1,929,057 1,691,502 
(87.7%) 

Gujarat 11.50 15.02 76 43 1,082977 568,117 
(52.5%) 

Karnataka 10.71 15.30 70 68 860,363 807,377 
(93.8%) 

Rajasthan 12.99 10.38 125 190 1,341,118 510,020 
(38.0%) 

Tamil 
Nadu 

17.65 20.76 85 175 1,891,761 1,412,697 
(74.7%) 

All-India 231.00 398.70 58 1,065 18,503,268 9,943,486 
(53.7%) 

Sources: For columns (1) to (4), Dynamic Ground Water Resources of India, March 2004, (CGWB-
MoWR, 2006); for columns (5) and (6), 3rd Census of Minor Irrigation Schemes: 2000-01, (MoWR, 
2003). 
 

As a result of continued exploitation, accessible water levels are sinking progressively 
deeper, with disastrous impacts.  Wells are drying, and as small farmers cannot afford the 
costs of drilling/re-drilling for water, they are restricted (or forced to revert) to rain-fed 
farming.  Cultivation only during the rainy season, or else without irrigation during essential 
periods of the crop cycle, puts their livelihood at risk, so that in addition to the vicious circle 
of “poor energy supply–inefficient energy use–worsening energy supply”, there is the 
invidious vicious cycle of “low income-low inputs-low yields” and continued poverty. 

 
Further still, over-extraction of groundwater has led to mining of underground aquifers.  

This has adversely affected the quality of water and since it is also the source of drinking 
water, health problems have ensued.  Hence, for India, groundwater is now both critical and 
threatened. 

 
In view of these mutually reinforced energy and water shortages and consequent 

problems, State departments and other organizations have tried to improve the efficiency with 
which energy and water are used.   
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2. Efficiency-improvement programmes in India 
 
2.1 Progress of activities 
 

In the early years of efficiency-improvement programmes, that is, in the 1980s’ and 
1990s’, the focus was on improving the efficiency of irrigation pump sets.  There are reports 
of large-scale pump set rectification through the Ministry of Energy (later Ministry of 
Power).  There were also six major state programmes sponsored by the Rural Electrification 
Corporation during the 1980s’ (CIRE, 2005).  In the 1990s’, there were state programmes 
sponsored by the Ministry of Power (MoP-GoI, 1997, 1998) as well as some State agencies.  
The activities included replacement of the entire pump set or replacement of some or all 
components – the suction and/or delivery piping and/or foot valves. 

 
Thereafter, more states carried out programmes, at times with sponsorship from 

international aid agencies.  Non-governmental organisations and consultant firms also got 
involved in these activities. The focus widened to include power system improvements, on 
the one hand, and water-conservation, through water-harvesting structures and application-
efficiency (through drip and sprinkler systems), on the other.  In parallel, many researchers 
have studied the systems and suggested ways forward, based on theoretical and empirical 
analyses. 
 

States in the plateau region have tried to promote water conservation and restrict 
indiscriminate use of groundwater by introducing regulation regarding the drilling of deep 
wells.  The Andhra Pradesh Water, Land and Trees Act (APWALTA) was passed in 2002, 
the Karnataka Groundwater (Regulation and Control) Act, in 2002, and the Tamil Nadu 
Groundwater Development and Management Act, 2003, all with restrictions on the over-
exploitation of groundwater. 
 
2.2 Purpose of this compilation 
 

In this report, we have compiled a list of field projects and studies on the implementation 
of efficiency improvements in groundwater-based irrigation (with references listed in the 
Annexe).  Details have been obtained from published articles, from reports and news 
bulletins on web sites, and from those who have answered our requests for information 
(included in the reference list).  We have focused on energy-use for groundwater-based 
irrigation, which in turn depends on the efficiency of the pump and accessories, water depth, 
and the methods of irrigation (taking crop type as given) integrating efficiency of extraction 
with efficiency of water application and groundwater conservation and re-charge.  

 
As most field programmes were sponsored by organisations of the power sector, their 

focus was on improving the efficiency of electricity use, i.e. on retrofitting or replacing the 
electrically-operated irrigation pumps.  Hence, experiences with pump sets dominate this 
collection.  However, we have also included efforts to conserve groundwater -- either through 
efficient micro-irrigation methods (i.e. drip and sprinkler systems) or through water 
harvesting structures (such as check dams and percolation tanks).  This is because 150 km3 of 
the 230 km3 of groundwater used for irrigation each year are being lifted by electric pumps, 
and electricity use (and its impacts) can be decreased by raising the groundwater table and 
thereby reducing the pumping head from which groundwater is lifted. 
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We have not included changes in cropping patterns such as shifts to different (less-water-
intensive) crops, different varieties of the same crop, and so on (unless they were a part of an 
integrated programme), in this compilation, because of the additional agronomical aspects to 
be considered. 

 
We have also tried to focus on specific efforts – by a state or private organisation, in a 

particular location, rather than the aggregated efforts mentioned in national reports, as large 
numbers obscure the differences between the activities actually carried out.  For example, 
“Demonstration schemes on rectification of inefficient agricultural pump sets has been 
undertaken on a large scale and 75,000 pump sets have been rectified during the year 1990-
91” (MNES-GoI, 1993)5.  If descriptions can include details that are pertinent, the activities 
can be juxtaposed with the results achieved, and one could elicit the factors that contributed 
to these results.  However, it has to be accepted that with the passage of time, results are not 
verifiable; as importantly, estimates of electricity conservation are often not comparable 
because of differences in geographical location and natural changes (e.g. the fall in the water 
table) that have occurred. 

 
The intention is to learn from these efforts, not to find fault with what was done, so that 

future efforts at meeting the needs of resource conservation and economic and agricultural 
considerations, could be more fruitful.  If projects have been omitted, it has been 
inadvertent, and the author would be grateful if information could be sent for inclusion in 
this compilation. 
 
2.3 Categories of projects 
 

Projects have been categorized according to their main activities:- A: Implementation of 
efficiency-improvements, and B: Studies (empirical or theoretical), and listed in 
chronological order as far as possible. 
 
A. Implementation activities have been disaggregated between (1) executing pump-set 
efficiency improvements, and (2) executing efficient water-use 6 that in turn affects the energy 
required for pumping.  (A few projects, indicated with an asterisk, addressed both pump set 
and water application efficiency). 
These include: 
- A.1 executing pump-set efficiency improvements: 

A.1.1. for “shallow” (less than 100 feet) wells, replacement of the pump itself with a 
more efficient electric pump (with appropriate sizing or single phase replacing 3-
phase), or any of the components -- replacing the existing suction and delivery piping 
with HDPE or RPVC piping, and/or replacing the foot valves (FV) with friction-less 
FV; 
in the case of water available at less then 25 feet, manual alternatives (e.g. treadle 
pumps); 

                                                 
5 P.9, (Section 17 on Conservation for Energy), Performance Budget of Ministry of Power and Non-
Conventional Energy Sources. 
6 Here, the efficiency of water use for irrigation is the ratio of consumptive use of water for plant 
nourishment to the gross amount of water supplied. “Productive” efficiency would refer to the 
quantum of crop production per unit of water utilized. 
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A.1.2 for deep- or bore- (greater than 100 feet) wells, chiefly replacing the pump with 
a more efficient pump7; 
A.1.3 other field experiences that could improve the energy-efficiency of pumping 
(e.g. installation of capacitors); 

- A.2 executing efficient water application and use: 
A.2.1 groundwater conservation and re-charging through water harvesting structures 
(such as check dams and percolation tanks, etc.); 
A.2.2 installing micro-irrigation (drip/sprinkler) systems. 

 
B. Studies on improving the efficiency of groundwater-based irrigation have been 
disaggregated between: 
- B.1 those on the efficiency of irrigation pump-sets (including estimates of losses and 

possible estimates of reduction of these due to the replacement of specific components); 
- B.2 those on the efficiency of groundwater use, including water application methods, 

groundwater re-charging, and other aspects of groundwater use; 
- B.3 those on related aspects such as system improvement, pricing, policies, and 

management; 
 
 
3. Programme experiences 
 

This section gives an overview of the implementation projects and studies reviewed8.  
These range from cases where a few pump sets were focused on, to large programmes 
addressing thousands of pump sets, hence merely indicating the total number of cases would 
hide the differences between them.  Moreover, there are, at times differences between reports 
regarding the number of retrofits/replacements that were affected at a particular project site, 
hence we have not aggregated the numbers in any category.  Further, aggregating cases over 
a 30-year period – well past the life of the pumps/retrofits – is unlikely to be of relevance.  
 
A. Implementation: 
A.1 Executing pump-set efficiency improvements: 
 
- Gujarat - pilot projects (GEB/REC), 1978-88: There are two available reports on this 
period; it is not clear whether or not there is some overlapping between the projects 
described. 
According to the Energy Conservation Dimension, Gujarat Electricity Board (GEB), Baroda, 
quoted in Monitoring Results of REC's Pilot Projects, a report of the Central Institute for 
Rural Electrification, (CIRE, 2005), there were two sets of activities carried out in those early 
pilot projects.  They included: (i) replacement of suction pipes and foot-valves, (ii) complete 
replacement of pumps, piping and foot-valves, both implemented by GEB.  Results reported 
by CIRE were (i) 1,108 component retrofits, with an estimated average 21.7% energy 
conservation, and (ii) 8 completed replacements with an estimated 51% energy conservation. 
In addition, the observations made on "Energy Conservation in Agricultural Pump sets -
Details of Demonstration on Efficient Pumping Systems to the farmers" (CIRE, 2005), 
                                                 
7 Recently, in some parts of the country, particular the peninsular region, the depth of groundwater 
availability has fallen to the extent that only deep (> 100 feet and extending much deeper) wells are in 
use, so that component-replacement is no longer worthwhile and complete pump set replacement is 
being carried out. 
8 We do not claim that this compilation is exhaustive, but all the information contained here has been 
obtained from verifiable sources (as indicated). 
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indicate that several demonstrations of complete replacement were carried out.  Of these, data 
on 16 cases are available; each of the existing pumps was replaced by a mono-block pump of 
lower capacity, but providing at least equivalent discharge.  These farms were located in the 
Baroda(3), Anand(3), Sabarmati(3), Mehsana(3), Himmatnagar(2), Utran(2) Circles of GEB, 
and were witnessed by a total of about 700 farmers.  In most cases, 10HP pumps were 
replaced with efficient 5HP pumps, with one case each of 20HP and 15HP replaced with 
5HP.  Initial energy saving ranged from 24 - 69%.  The new pumps had lower ampere 
loading for comparable or greater water discharge; direct demand reduction ranged from 1.2 - 
6 kW each. 
However, another report (Patel and Pandey, 1993), refers to a total of 488 cases of complete 
replacement -- pump, motors, suction and delivery piping and foot-valves – by Gujarat State 
authorities, with the assistance of Kirloskar Brothers Ltd., Dewas (KBL) during the period 
1983-88.  Of these, between 1983 and 1985, 149 were sponsored by KBL and 151 by KBL 
and Gujarat State, and between 1986-88, 188 were sponsored by KBL and Gujarat State.   
For the sample of 488, the aggregated reduction in electricity use post-rectification amounted 
to 53%. 
 
The Rural Electrification Corporation Ltd. (REC) sponsored six pump-set rectification 
projects during the 1980s’: these were in Tamil Nadu, Gujarat, Madhya Pradesh, Karnataka, 
Andhra Pradesh, and Haryana.  These were noteworthy not only because of the immediate 
achievements, but because in every case, post-project evaluation was carried out on a sample 
of pump-sets by independent agencies, as described below.  (Based on the results of work in 
these six states, further pump set rectification was planned, but these results are not 
available). 
 
- Tamil Nadu (TNEB/REC) pump-set rectification (with sample monitoring), 1980s': 
Replacement of suction and delivery piping (GI to RPVC) and foot-valves was completed by 
Tamil Nadu Electricity Board (TNEB) on 3,125 pump sets of 5 HP rating each, as per REC 
guidelines (CIRE, 2005).  500 cases were evaluated by National Productivity Council (NPC), 
Hyderabad, in 4 distribution areas -- Madurai, Periyar, Thiruvannamalai, and Vellore.  NPC 
reported the energy reduction as 10% - 30% in about 70% of the sample, and about 19% 
for the entire sample.  Replacement of GI pipes on both suction and delivery sides by the 
recommended RPVC led to both reduction in energy consumption and higher discharge 
rate of water.  While energy use increased by 11.7% due to increase in the flow of 
water, the impact on the energy index was beneficial.  NPC also reported that the 
energy saving by rectification of suction and delivery pipes alone was 8 – 14% of the 
overall saving of 19%. 
- Gujarat (GEB/REC) pump-set rectification (with sample monitoring), 1985-86: Gujarat 
Electricity Board (GEB) carried out rectification of 3,100 pump sets, of which 500 pumps 
were studied by Power Utilisation Consultancy (PUC).  The rectification work involved 
replacement of the inefficient foot valve by Sujala foot valve and replacement of the 
existing GI suction and delivery lines by RPVC pipes.  Of the pumps studied by PUC, more 
than 80% improved in efficiency by 50%, with the average at 48% (CIRE, 2005).  The 
average hourly electricity use increased by about 5.59% for 500 pump-sets; the increase 
for all 3,100 would be about 10.8 percent.  However, due to the increased water discharge 
rate, there would be a saving in the total electricity use for irrigating the same land, 
estimated to be 1,505 kWh/pump set per year. 
- Madhya Pradesh (MPEB/REC) pump-set rectification (with sample monitoring), mid 
1980s':  3125 pump sets were rectified by Madhya Pradesh Electricity Board (MPEB).  
The Institute of Cooperative Management (ICM), Ahmedabad, monitored 527 pumps of 
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these (CIRE, 2005).  The average rate of discharge increased from 9.87 LPS to 15.54 LPS 
after rectification.  While electricity use increased by 12% per hour of use, the system 
efficiency increased from 23.08% to 32.94%. 
- Karnataka (KEB/REC) pump set rectification (with sample monitoring), 1980s': 3,125 
pump sets were retrofitted by the Karnataka Electricity Board (KEB) through the replacement 
of suction and delivery piping (GI to RPVC) and foot-valves.  Of these, Karnataka Energy 
Consultants (Bangalore) evaluated 250-300 in the taluks of Indi (Bijapur district) and 
Kanakpura (Bangalore district) (CIRE, 2005).  After rectification, pump set efficiency 
(output-input ratio) improved from 23.5% to 36.1% in Kanakpura, and from 26.7% to 
38.8% in Indi.  While there was no significant impact on system demand, the power 
factor improved from 0.6 to around 0.85 in 100 cases of the sample in Kanakpura. 
- Andhra Pradesh (APSEB/REC) pump set rectification - 2nd phase, (with sample 
monitoring), 1985-86: REC had sanctioned rectification of 5,625 pump sets; during the 2nd 
phase, for which independent monitoring was carried out, APSEB rectified 2,500 pump sets 
of at least 5 HP each, with replacement of suction and delivery piping (GI to RPVC) and 
foot-valves, in the district of Chittoor.  NPC, Hyderabad, evaluated the results in 505 
cases of the 2nd phase of the project.  Observations on the 505 pump sets taken together, 
showed that the ‘Q’ rate (of discharge of water from the delivery pipe) increased from 9.70 
LPS to 13.58 LPS (41.4 per cent); the increase in the flow rate and consequent reduction in 
the usage time impressed the farmers.  Energy consumption increased by 2% due to 
increased flow of water, but the overall energy saving was found to be 26.17%.  
(Rectification of suction pipe and foot-valve alone in a sub-sample of 5 sets yielded an 
energy saving of 10-15% as compared with the total of 26% achieved by changing the entire 
piping system). 
- Haryana (HSEB/REC) pump set rectification (with sample monitoring), 1985-86: 
While REC sanctioned a project for the rectification of 3,956 pump sets, Haryana State 
Electricity Board completed 3,757 pump set retrofits by May 1986 (CIRE, 2005).  The 
rectification involved replacement of the existing Gl delivery line by a suitable size of 
RPVC pipes.  Initially, in a few cases, insertion of 90 mm RPVC pipe with Sujala reflux 
valve into the existing 100 mm Gl suction line were tried. As the results were not 
found encouraging it was decided to rectify only the delivery line.  All the pump sets 
were of 3HP to 7.5HP capacity.  Of these, 569 pumps were monitored by M/s. K Consulting 
Associates.  About 25% increase in water discharge per unit input was observed.  Average 
decrease in consumption of energy for the same discharge was found to be 24% and the 
loading on the system reduced by 4%. 
 
- Andhra Pradesh - Chittoor dist. (DFID), 1987-90: This project was mentioned in one list 
(Singh, 2009), but further details are not available.  (DFID had funded several other 
irrigation activities in the same state, and as the REC-sponsored project was also in the same 
district, there could be an error in the listing). 
 
- Gujarat pump replacement (ICM/MoE), 1988–93: The Institute of Co-operative 
Management, Ahmedabad, replaced at least 5009 irrigation pumps with more efficient mono-
block pumps during the period 1988 – 1993 (Patel and Pandey, 1993, as quoted by Sant and 
Dixit, 1995; Goyal, 2009; Singh, 2009).  This was funded by the Ministry of Energy (later 
MoP), GoI, and the farmers themselves, approximately in the ratio 2:3.  Reported connected 

                                                 
9 The number has been given as 500 in Sant and Dixit (1995), 1,009 in Goyal (2009), and 521 in 
Singh (2009). 
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load reduced from about 4,062 kW to 2,216 kW, and average efficiency improved from 
20.8% to 44.9%. 
 
- Gujarat pump replacement and/or retrofitting (GEB/MoE), 1988-94: There were 4 
types of replacements carried out by GEB with the financial support of the Ministry of 
Energy, (later Ministry of Power): FFVs only, FFVs and RPVC piping (suction and delivery), 
5-HP pump-sets only, and all of these; but most of these were FV and piping replacements 
(GEDA personal communication, 2010).  Of the funds made available by the Power ministry, 
complete rectification of 345 agricultural pump sets was completed by 1992.  Another 
scheme of partial rectification of 20,000 agricultural pumps sets in Gujarat was also 
sanctioned.  About 9,000 pump sets had already been rectified by 1992 (CIRE, 200510; 
MNES-GoI, 199211).  Such retrofits continued to take place in subsequent years, with partial 
support from the MoP.  Demonstrations of the relative superior performance of the ISI / BIS 
marked agriculture pumping components were conducted; the impact was so impressive that 
in Kheda district alone more than 1000 farmers rectified their defective pump sets on their 
own (CIRE, 2005).  While there was no metering by the utility, the installation contractors 
measured the flow with portable meters.  Farmers were conscious of the shortage of water 
(with wells unlikely to be recharged, if excessive pumping took place), hence with more 
efficient pumping systems, the pumping duration was reduced and energy saved (GEDA 
personal communication, 2010). 
 
- Maharashtra – pump retrofitting (MEDA), 1989-94: Considering the potential for 
energy conservation, MEDA undertook a program of agricultural pump set rectification, from 
1989 to 1994, in 17 different blocks of IREP of Maharashtra.  According to this program, an 
average of 350 to 400 pump sets were rectified each year and financial assistance was 
provided for improving energy efficiency through measures such as piping & foot-valve 
replacement (p.15, IIEC-MEDA, 2005).  Hence, a total of 1,750 - 2,000 replacements should 
have been completed; no details of monitoring are available.  The IIEC-MEDA study of 2005 
recommended large-scale (100,000) pump rewinding/replacement, quoting these earlier 
efforts, and also proposed funding from MSEB through avoided cost of supply, and from 
MEDA for capacity-building. 
 
- Andhra Pradesh - Warrangal dist. (JBIC), 1993-96: This project was mentioned in one 
list (Singh, 2009), but further details have not been obtained. 
 
The following reports of agricultural pump set efficiency pilot programmes in the states of 
Tamil Nadu, Punjab, Haryana, Gujarat and Andhra Pradesh, appeared in the Annual 
Reports of the Ministry of Power and the 9th Five Year Plan12 documents: 
- Tamil Nadu (MoP), 1991-92: 10,000 pump sets were rectified by replacement of foot-
valves in Tamil Nadu, according to the Department of Power Annual Report 1991-92 
(MNES-GoI, 1992). 
- Punjab (MoP), 1992-98: Annual Reports of the Ministry of Power during the1990s’13 
mention that demonstration/pilot projects on improvement of energy efficiency (through 

                                                 
10 Energy Conservation Dimension, GEB, Baroda, quoted by Central Institute for Rural Electrification 
11 (p.22, Section 2.28 Energy Conservation – item 5) Department of Power Annual Report 1991-92 
12 9th FYP, Vol.2 (Section 6.133) 
13 Department of Power Annual Report 1991-92 p.22, (Section 2.28 Energy Conservation – item 5); 
Annual Report 1996-97, p.20 (Section 5.1.2. Demand-side Energy Conservation: Agricultural Sector); 
Annual Report ’97-98, p.18 (Section 5.1.2. Demand-side Energy Management: Agriculture Sector) 
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rectification/partial rectification) of 1,350 agricultural pump sets were being implemented in 
Punjab. 
- Haryana (MoP), 1997-98: Likewise, Annual Reports of 1996-97 and 1997-98 mention that 
demonstration pilot projects on improvement of energy efficiency of 800 agricultural pump 
sets were being implemented in Haryana (MoP-GoI, 1997; 1998). 
- Gujarat (MoP), 1997-98: Similarly, Annual Reports of 1996-97 and 1997-98 mention that 
demonstration/pilot projects on improvement of energy efficiency of 5,000 agricultural pump 
sets were being implemented in Gujarat (MoP-GoI, 1997; 1998). 
- Andhra Pradesh (MoP), 1996-99: As with Punjab, Haryana and Gujarat, 
demonstration/pilot projects on improvement of energy efficiency of agricultural pump sets 
were reported in the Annual Reports of 1996-97 and 1997-98 (MoP-GoI, 1997; 1998).    
Details included: rectification of 1000 pump sets completed during 1996-97, and replacement 
of foot valves in 20,000 pump sets and setting up 5 demonstration centres of energy-efficient 
electric lift irrigation, during 1997-98. 
 
- Andhra Pradesh - Nalgonda dist. (APTRANSCO/DFID) 1998 - 2000, and follow-up 
study: The first tranche of the funding from DFID (1996-2002) for several improvements in 
the power sector, included the Nalgonda distribution project (100% funding), to be 
undertaken by the APSEB and later APTRANSCo.  This part of the scheme14 envisaged 
conversion of the existing 3 phase low voltage distribution system into single phase high 
voltage distribution system (HVDS) in the 16 villages covered under Nakrekal 33/11 KV 
Substation and also installing 3,216 energy-efficient single phase motor pump-sets in place of 
3-phase pump-sets (NIRD, 2002). 
 
A sample of 1,000 pump-sets was chosen in order to study the impacts, particularly on the 
pump-sets and their efficiency (3EC, 2005). Several observations of that study were notable, 
as listed below. 
On the pre-project situation: 
- The existing pumps did not conform to IS specifications, were improperly maintained, and 
the installation workmanship was poor.  No power factor correction capacitor was installed.  
Flexible PVC pipes were commonly used for both suction and delivery sides. 
- Pump capacity was supposed to be between 3HP and 5 HP.  But, difficulties were faced in 
noting down the capacity, as almost all the pump-sets were installed and protected within the 
wells.  In some places farmers had locked the pump-houses/starter-boxes and had made 
provisions for automatic starting of pumps, either by auto-starter or by leaving the starter on 
continuously during the season, defeating interlocks. 
- The average burn-out rate of motors was reported to be about 2.8 per year due to poor 
power supply and/or absence of maintenance.  (The average input voltage to the pump-sets 
was in the range of 200 – 350V, instead of 415V ±10V). 
- Installation of pump-sets according to water levels/head is important for efficiency, but 
improper selection had been made in many of the cases checked. 
With the project changes: 
- Due to the project’s pump-replacement commitment, farmers demanded replacement on the 
same day despite knowing that it normally took 3-4 days for rewinding a 3- phase motor on 
their own.  This created operational problems. 
- Motor manufacturers are not liable to replace damaged motors even within the guarantee 
period, if failures occur due to variation of system parameters.  This often occurred, for 

                                                 
14 The project also included SCADA in Hyderabad, 8 new 33/11 kV Substations, 33 kV interlinking in 
3 districts, etc. 
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example, farmers used mud for priming, causing damages to motors.  As a goodwill measure, 
manufacturers initially provided replacements, but when the burnt-out cases increased, they 
began asking for reimbursement. 
- Farmers were apprehensive about replacement / rectification of burnt-out motors after the 
guarantee period, due to inadequate repair facilities. 
- In the case of single-phase HVDS being implemented partly, farmers were availing of 18 
hours/day supply (as against the assured 9 hours) but were still non-co-operative regarding 
the implementation of the project.  (Running hours should actually have been reduced with 
increased efficiency of the pumps). 
- Consumers holding unauthorized connections were found in almost all the villages.  
APTRANSCO agreed to regularize them by collecting Rs 1,000 per HP with the condition 
that they would purchase their own single-phase pump-sets.  Although some of the consumer 
paid the charges, they demanded that new pump-sets be supplied and installed by 
APTRANSCO. 
- Few consumers would not allow replacement of their existing pump-sets with single - phase 
pump sets as per their contract-load, because they had been operating higher-rated pump sets. 
- Some local mechanics also created problems with the new motors as their livelihood was 
adversely affected by the farmers’ refusing to engage them (because of the one-year warranty 
period). 
- Due to the improved voltage conditions and non-failure of the single-phase transformers the 
farmers had enjoyed quality power supply, resulting in good crops during the year 1998-99.  
As a result, some would not allow the removal of the 3-phase transformers (and the two 
additional wires of LT network) on the plea that they should get back to the 3-phase system. 
- Replacement of the existing pumps increased the project cost; moreover, technical training 
of the contractors and of the local mechanics, and user-training of the farmers would increase 
the costs further. 
- However, efficiency improved with the single-phase pumps: While the weighted average 
efficiency of the sample (1,000 cases) of 3-phase pump-sets had been 27% (and only 4% of 
these pumps with above 40% efficiency), the corresponding efficiency of a sample of 157 
new single-phase pumps was found to be 36% (and nearly a half the pumps with over 40%).  
Hence running hours and energy use would be reduced. 
- Further the life of the motors was expected to increase, with lower losses and improved 
supply quality through HVDS. 
- Spares/accessories should have been made available locally for better maintenance. 
- Technically, equal loading on all three phases of the power transformers at the sub-station 
was difficult to achieve. Power supply duration could not be controlled / segregated easily, 
since both the lighting & agricultural loads were on the same feeders. 
 
Till September 2000 when the scheme was closed prematurely, 1,641 pump-sets in 11 
villages were replaced (NIRD, 2002). 
 
- Andhra Pradesh - Karimnagar and Chittoor districts (part of WB-Norway AIJ 
project), intended for Sept.1998 -Aug. 2000: The Integrated Agricultural Demand-Side 
Management – Activities Implemented Jointly (AIJ) Pilot Project (in Chittoor and 
Karimnagar districts, AP) was intended to improve the efficiency of agricultural pump sets 
through the following technical measures in an integrated package to generate electricity 
saving and greenhouse gas emission reductions (APSEB, 1998): 
(a) improvement of the distribution efficiency by conversion of the existing low voltage 
distribution network to high voltage distribution network, (b) reduction in system demand 
and line losses, as well as improved service to non-agricultural customers, through the use of 
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automated load control, (providing a VHF master station with computers, load management 
software and a one way VHF transmitter with a controller at each 33/11 KV substation for 
control of agricultural pumps), (c) improvements in end-use efficiency by replacement of 
pump-sets (3-phase to single-phase motors) and associate piping and valves (high resistance 
foot valves and GI suction and delivery piping, with low resistance foot valves and RPVC 
piping). 
This pilot project was intended for 5,800 pump-sets on 8 feeders in two geographically 
separate areas (Chittoor and Karimnagar districts) of Andhra Pradesh.  The funding for the 
pilot project was from the World Bank / Norway AIJ Program.  (The AIJ component was 
estimated at US$ 4.61 million, out of a total of $ 5.18 million).  The main intended benefits 
were: for the utility and the country -- reduced energy/power and consequently reduced 
emissions from power generation, and for the farmers -- avoided costs of replacing (and re-
winding) pump sets, better quality of power supply and improved crop yields from adequate 
irrigation at the required time (Hambleton, et al.; APSEB, 1998).  No information on project 
completion was obtained. 
 
- Karnataka (Bantwal Taluk Rural Co-op. Society), 2003: Bantwal Rural Electricity 
Cooperative Society had wanted to take over the distribution of electricity within the Bantwal 
taluk of Mangalore District.  Its efforts were frustrated mainly because the erstwhile KEB did 
not agree to part with its distribution rights over the area to the society (p.30-31, Section 5.4, 
Gokak Committee Report, 2003).  The society had proposed converting 750 km of low 
tension lines into high tension lines, replacing 145 out of the 773 distribution transformers 
that had failed, and replacing all the 13,143 irrigation pump sets.  The actual achievements 
have not been reported. 
 
- MP - Western zone, (Kirloskar/Econoler/CIDA), 2004: Between 2002 and 2004, 
Econoler International initiated and implemented a DSM initiative financed by the Canadian 
Climate Change Development Fund (CCCDF).  During this project, Econoler International 
developed an approach with the support of Indian partners, testing innovative financial 
solutions to the inefficiency in the agricultural pumping sector in the state of Madhya Pradesh 
(Econoler, 2005).  It performed a feasibility study for the replacement of inefficient pumps 
with more efficient ones.  This program, run by the utility, was to be tied to the establishment 
of HVDS for the rural network.  Large-scale implementation in this state and others was 
supposed to be funded by the World Bank. 
With funding from the Canadian International Development Agency (CIDA) and consultancy 
from Econoler, Kirloskar Brothers Ltd. (KBL) implemented a pilot project during 2003-04 in 
the area served by MPSEB West DisCom (Indore, Ujjain, Dewas).  KBL conducted energy 
audits and then replaced 50 pumps in wells of less than 70 feet depth, with more efficient 
Kirloskar pumps (KBL, 2004).  At the project, most 5 HP pumps were replaced with 3 HP 
pumps of almost equivalent discharge.  Examples of two cases indicate energy saving of 
33.8% and 43%.  The total connected load reduced from 213 kW to 117 kW; hence 96 kW of 
power was saved at Rs 6 lakhs (installation only).  With an energy saving of 45% per hour of 
use, the payback was said to be 27 months.  KBL estimated that 1,000 MW demand could be 
avoided through the replacement of 6.25 lakh pump sets (at a cost of Rs 450 crore, 
subtracting farmers' contribution of 25-25%, and scrap value of existing pumps).  Lessons 
learnt (Tayal, 2010): (i) the starters should have been changed along with the pump sets 
(which was not done during this project), (ii) financial participation from farmers (even to a 
small extent) is essential to have their involvement and ownership. 
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- Gujarat – 5 taluks (GEDA/farmers), 2007-09: During 2007-2009, 6,000 submersible 
electric pumps were replaced all over the state with more efficient 5HP BEE-star-rated 
pumps, and GI piping replaced with RPVC piping (GEDA, 2010; Singh, 2009).  67% was 
paid for by the State Govt., and 33% by the farmers.  There are three payment categories: 
per/kWh used, per HP connected, and co-operative members.  Even those who did not have 
to pay for kWh usage were willing to join the scheme because of the advantage of a new 
improved pump for a third of the price (GEDA, 2010).  The limited hours of power supply 
also motivated participation in the pump-replacement scheme, as the water requirement could 
be obtained at about 60% of the earlier duration.  Further, pumps were not used for longer 
periods than required because farmers were aware of the water shortage and the difficulty of 
re-charge. 
 
- Haryana (HAREDA/farmers), 2000s' (ongoing): There are nearly 4.50 lakh irrigation 
pump (IP) sets in Haryana; surveys have pointed out that over 80% of the installed IP sets are 
either “established local brands” or pump sets assembled by dealers or rewinding shops.  The 
efficiency of these pump sets is low, with many of the assembled sets having efficiencies 
below 25% (pp.67, DHBVN, 2008).  The Regulatory Commission had directed the utility to 
develop “a specific scheme for promotion of DSM programme for Agriculture Pump set 
consumers involving Energy Service Companies (ESCOs) for carrying out energy audit and 
replacing the existing inefficient pump sets with energy efficient equipment - - ” (HERC, 
2003).  Provisions under the EC Act concerning agricultural sector strategies include: to issue 
Govt. regulation on use of energy efficient motors & pump sets; to institute fiscal and 
financial incentives scheme (capital grant for rectification / replacement / installation of 
energy efficient motors and pumps); and to implement programmes on the use of energy 
efficient pump sets (Yadav, 2007). 
Since January 2006, there is a program of installing LT MDI meters on every new tube-well 
connection (as directed by HERC).  However, the installation of MDI meters on tube wells is 
being resisted by the farmers.  DHBVN has a comprehensive plan to determine correct rural 
feeder loss on 11 KV rural feeders; it has issued work orders for third party verification of all 
the existing farmers to M/s HESL, so that load and distribution losses vis-a vis energy audit 
can be carried out. (pp.79)  There is also a proposal to replace the existing 2 lakh pump sets 
and motors with BEE-star rated pumps, and subsequently recover the expenditure from the 
farmers from their reduced energy bills (pp.106, DHBVNL, 2008). 
Currently, an agriculture DSM scheme is in operation in Haryana to encourage the 
installation of efficient pump sets.  HAREDA provides 50% of the cost difference between 
ISI and non-ISI electric motor/pump sets, at Rs 400/- per HP to a maximum of Rs 5,000 per 
pump set, on the purchase of ISI marked pump sets by the farmers.  Till 2008-09, 14,668 new 
ISI-marked pump sets were installed through this scheme (HAREDA, 2009).   
 
- Karnataka -  (WENEXA)15 pilot pump set project (and related research), 
Doddaballapur sub-division, Bangalore district 2006-08: The purpose of the pilot project 
was to assess the impact of installation of energy-efficient pump sets in the absence of 
improved network voltage, the responsiveness of farmers to energy-efficient pumps and drip 
irrigation, and potential reduction in energy and water consumption through these measures.  

                                                 
15 The Water and Energy Nexus Project (WENEXA) Project is under the Indo-US Bilateral 
Agreement on Energy Conservation and Commercialization, between the Governments of India and 
the United States, with the Ministry of Power as the Indian Government’s authorized nodal agency. 
The agreement finances various energy conservation initiatives and includes the USAID Distribution 
Reform Upgrade Management (DRUM) program. 
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It consisted of replacement of pump-sets in the Doddaballapur sub-division (Feeder lines DF 
12 and 13 service areas) of Bangalore Electric Supply Company (BESCOM)16, Karnataka.  
An energy audit of a 10% sample of the functioning pump sets showed that 91% operate with 
efficiency of less than 30%.  A network survey determined the voltage profile on both feeder 
lines which was found to be, in most areas, inadequate to support the quality of power needed 
for the operation of pump-sets meeting BIS specifications.  Fifteen farmers agreed to 
participate: the pumps in use were replaced with new efficient and correctly sized pumps, in 
return for the farms shifting at least 1 acre of flood-irrigated crop-land to drip irrigation.  
(Pump rectification was considered, but because of the depth of groundwater in the area, this 
option – involving removal and re-insertion of the pump -- is at least as expensive as 
replacement.  Furthermore, there is no way to control rates of discharge which could 
exacerbate the groundwater overexploitation.)  All the original 15 pumps were oversized and 
only three met BIS specifications. Their average age was two years. Pump motors were 
generally repaired at least once a year because of severe fluctuations in voltage.  All fifteen 
farms used flood irrigation and planned to shift grapes, mulberry, and sapodilla into drip 
irrigation. 
With pump replacement, the average capacity was reduced by 2 HP, the average number of 
pump-set stages was increased from 18 to 21, and the average depth where pumps were 
seated in the wells declined from 156.3m to 152.1m—all factors contributing 
to reduced energy use.  Power consumption and water discharge measurements were taken 
prior to de-installation of the old pump sets, at installation of the new pump sets, and six-
months after operation began. The combined total power demand reduced from 71,782 watts 
to 51,559 watts immediately after installation, but was measured at 55,334 watts after six-
months of operation.  Water discharge rates remained essentially unchanged.  However, 
within six months after installation, two of the new pump sets were returned for repair, as a 
result of frequent voltage fluctuations, and within nine-months, six farms had reported pump 
burnout. The use of energy efficient, right-sized pump sets, in conjunction with drip irrigation 
systems resulted in an overall 70% reduction in energy consumption and a 60% reduction in 
water consumption (calculated using connected load and water discharge discussed above, 
and self-reported data from farmers on the number of pumping hours per week with the old 
and new pumps).  However, with six of the fifteen newly installed efficient pump sets 
burning out within a nine-month period, it was clear that without simultaneous investments in 
network system upgrades, voltage fluctuations would reduce pump set life expectancy well 
below financially-viable levels (Oza, 2007). 
It was estimated that if the savings from the reduction in electricity use through efficient 
pumping could be sustained and the total cost of the electricity saved exceeded the total 
installed costs (of the pump over its useful life plus related operation and maintenance), there 
would be a net economic gain.  WENEXA’s conducting an Ag DSM pilot project planned for 
a site in Karnataka provided them with a learning laboratory that suggested how a workable, 
financially viable, replicable and sustainable model could be achieved. 
For successful implementation of DSM, one should consider that: 
- a high quality power distribution system is required, but this may not be financially viable 
for the distribution utility in the current scenario of “free” agricultural supply; 
- the potential electricity conservation is highly location-specific (depending on the existing 
equipment in the area) and time-specific (midnight savings are worth much less than peaking 
power), so generalisation is not possible; 

                                                 
16 Karnataka’s electricity distribution was unbundled between the regional distribution companies 
BESCOM, HESCOM, GESCOM, and MESCOM in 2002. 
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- accurate metering and regular data collection are essential; (The accuracy and precision of 
the measurement of results achieved will vary in direct proportion to the quality and 
extensiveness of metering. The ideal would be the installation of reliable meters at the 
consumer level, but that is a controversial issue). 
- farmers’ co-operation and the participation of all stakeholders (PA Govt., Services Inc., 
2008) 
 
- Karnataka - pilot (capacitor) project, Doddaballapur, Bangalore district 
(BESCOM/DRUM), 2008: As a part of the DRUM initiative in the same Doddaballapur 
region, installation of 63 capacitor banks of 600 KVAR each, on various 11 kV feeders was 
proposed (BESCOM, 2008).  Switched capacitors were proposed, as the power supply on the 
rural feeders is staggered according to the State Government policy, and 3-phase power 
supply is given for a restricted period of 8 to 10 hours per day.  Agricultural pump sets – the 
dominant load on all rural feeders -- work only at these periods, during which reactive power 
compensation is required.  The equipment consists of a set of 3 capacitor units for each phase 
and an 11KV on-load switch for operating the capacitor bank.  A simple pole mounting 
design was selected and the equipment mounted on single 9 meter RCC poles.  Of the 
existing 56 feeders, 32 were selected for installation of capacitors, 19 of which were rural 
feeders.  Three feeders were selected for the sample study.  Data was obtained for the period 
covering three months prior to the installation of capacitors and six months after 
commissioning of capacitors.  This 9-month (Jan – Oct’08) data study found these to be cost-
effective in terms of the reduction of losses on the feeders (with a payback period of 14 
months). 
 
- Andhra Pradesh (CWS-Prayas/AEI), 2008-10: This exploratory pilot study was 
conducted by the Natural Resource Management (NRM) desk of Centre for World Solidarity 
(CWS), Prayas Energy Group and two local NGOs -- Nava Jyothi and Centre for Rural 
Operation Programmes Society (CROPS), working in 2 villages (Rama Mohan and 
Sreekumar, 2009).  The study was done at two levels: one at the grass-root level, in those 2 
villages (one with 8 open wells and 11 bore wells, the other with 6 open wells and 23 bore-
wells), and the other at the State level, in the form of interactions with government and non-
governmental agencies.  The focus was on the problems faced and solutions to these.  Field 
observations included: metering of key electricity parameters, such as voltage, current, 
power, power factor at the DTs and selected pump-sets (to understand the quality of power 
and consumption by pump-sets), and assessment of the use/problems with the new shunt 
capacitors that had been supplied earlier.  Measurement of hydraulic parameters such as 
discharge, total head etc. was carried out with clearly defined methods, to relate hydraulic 
power with power consumed by the pump-sets.  Field interventions were on power and water 
use efficiency by making trial interventions (such as installing voltage & current meters, 
capacitors on pump-sets).  There were interactions with various actors at local and State 
levels and the way forward (including proposed interventions) drawn up on the basis of this 
collaborative approach of learning. 
Lessons learnt at the local level: (i) the importance of intervening at the grass-roots, taking 
DT as the primary unit and bringing about construction engagement between connected 
farmers, local organizations, the Distribution Company and the regulators; (ii) using simpler 
interventions such as installing capacitors on pump-sets; (iii) reducing the length of LT 
service wires with proper location of LT poles; (iv) metering DTs and monitoring; (v) 
training DT level groups in day-to-day maintenance that can be implemented within in the 
existing policy framework.  At the macro-level, models to implement energy efficiency need 
to be evolved within the existing free power policy framework instead of a radical shift to 
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either metering of all pump-sets or changing to HVD systems, which involves huge 
investments.  Only an Integrated Resource Management approach that involves all the actors 
would bring sustainable results.  
 
- Karnataka - DT metering and pump replacement, Doddaballapur, Bangalore district 
(BESCOM/ESCo), 2009: Bangalore Electricity Supply Company (BESCOM) had, in 
January 2009, announced its RfP for the implementation of an irrigation pump-set project 
(replacement of the existing with efficient pumps from approved star-rated brands), in the 
Doddaballapur Sub-division area.  Two 11-kV feeder lines Heggedehalli (DF 12) and 
Melekote (DF 13)17 with predominantly agricultural consumers, which had earlier been 
studied during the WENEXA project, were selected for these (WENEXA-II) activities 
(BESCOM, 2009 a, b).  A GIS-based pump set inventory had identified 950 irrigation pump 
sets connected to the feeder lines, of which only 663 were operational, as the remaining 287 
had failed.  Because of the groundwater depths here, all the pump sets in use are submersible.  
The average pump set capacity is 9 HP, and ranges from 3–15 HP.  Bidders could be from 
among energy service companies (ESCos), pump-set manufacturers/suppliers, etc., with a 
specified minimum turnover and staff.  Bidders were provided with information from the 
USAID/PAConsulting studies (USAID, 2006a; PA Consulting Inc., 2008). 
This utility-ESCo model covers a very small component of the distributing utility’s base – 
less than 700 pump sets of BESCOM’s 6.2 lakh pump sets.  BESCOM has the responsibility 
of investment in the required infrastructure – conversion of pilot feeders to high voltage 
distribution system (HVDS) with one distribution transformer (DT) for each pump, 
installation of capacitor banks, fault passage indicators, and fixing of meters on all DTs and is 
responsible for maintaining the power supply system.  The ESCo is responsible for planning, 
financing, and implementing the pump replacement (with an 18-month warranty), and also 
maintenance (Box 1).  The value of electricity saving effected (as compared with baseline 
readings), will be monetized at the pool cost of power purchase; this will be shared during the 
10-year contract period between the utility and the ESCo on a pre-agreed basis (MoP and 
USAID, 2009a). 
BESCOM has installed the required HVDS and 665 independent DTs, one for each pump.  
While it was intended that an energy meter be immediately installed at each DT for accurate 
baseline energy estimation, there was resistance from some farmers (with eight meters being 
removed by them) despite pre-project meetings.  This necessitated further negotiation and 
installation in stages (Box 2).  The installation of all the required meters was completed on 
the 3rd April ‘09, and on the 6th July ‘09 an agreement was signed between BESCOM and 
Enzen Global Solutions Private Ltd. (ENZEN) for this project. 
Thus far, this is the only utility-ESCo collaboration for demand side management in the 
agricultural sector.  For the successful operation of such agreements, likely challenges to be 
overcome include farmers’ reluctance to participate (particularly with metering of electricity 
use) and maintenance of the supply system (MoP and USAID, 2009b; Bhatiani and Goyal, 
2009).  Data on how many pumps have actually being replaced and the proportion of 
electricity use that has been reduced have not been obtained thus far. 
 
- Karnataka - demonstration project (IEI), 2009-10: IEI-Bangalore conducted a field 
project on energy conservation practices for sustainable agriculture.  The purpose was to 
implement efficient resource use at a sample of 50 small farms -- for improved crop yields 
that benefit the farmers, and to reduce groundwater extraction, and the need for electricity 

                                                 
17 This area falls within the jurisdictions of three gram panchayats, Melekote, Heggedehalli, and 
Tubagere (in the upper catchments of the Arkavathy River of the Kundanvathy watershed). 
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and chemical fertilizers18, that benefit the environment and the state.  These farms are located 
in rural Bengalooru (now called Ramanagara) and Tumakooru districts of Karnataka state, 
and are currently cultivating fruit, vegetables and subsistence grain.  34 farms had some 
irrigation facility while 16 were rain-fed at project commencement. 
The first (baseline resource-use assessment) stage of the project, completed before the onset 
of the rainy season, was devoted to measurement of baseline resource-use.  An energy-meter 
was installed at the pump-set available at each of the 34 irrigated farms; water discharge was 
also assessed by clocking the time taken to fill a receptacle of a specified volume.  During the 
second (efficient system implementation) stage, energy-efficient water extraction and 
conservative water application equipment were installed.  Pertinent to the current study, the 
34 existing inefficient/re-wound pumps were replaced with new "starred" efficient pumps 
providing at least the same water discharge.  After pump-replacement, the energy meters used 
for the baseline assessment were used to meter electricity use; water discharge was also 
measured at each of the irrigated farms.  The rated capacity of most of the new pumps is of 5 
HP (or 3.73 kW) and 11 stages.  Due to the depth of the water availability and the area to be 
irrigated, 2 pumps of 6 HP/14 stages and one of 7.5 HP/10 stages were installed.  These are 
providing at least equivalent discharge, at much lower power rating, with the metered 
connected load reduced by 44%.  (However, due to voltage and current fluctuation at various 
points of the grid system, the connected load actually metered varies over the sample).  Each 
existing pump-owner had to give up his old inefficient pump or pay the re-sale value for it.  
The 16 rain-fed farms were provided with shared (4 each) first-time access to deep/bore wells 
fitted with similar new "starred" efficient pumps.  A token contribution was taken from each 
farmer for this irrigation access. 
Each of the 50 farms was provided with either or both systems for 1-2 acres, amounting to a 
total of 71.2 acres, depending on the crops being grown/intended to be grown.  The purposes 
of such micro-irrigation facilities are threefold: enabling farmers to grow crops that would 
not be possible with conventional irrigation because of the lack of water, increasing the 
yield/unit area through focused water application, and reducing the labour (for ensuring 
watering and for fertilizer application that can now be applied with the micro-irrigation 
system or “fertigation”).  Installation of drip systems has been a learning experience all 
around, and while there have been problems, some agents from the retailers have been very 
helpful (IEI, 2010). 
During the third (resource use monitoring) stage, the changes in electricity and water use 
were quantified and documented, for comparison with the baseline.  Metered electricity use 
fell by 41.5% for a comparable 90-day period.  Even with additional electricity for extending 
irrigation to 17 farms, the aggregate reduction is 31.4%.  Similarly, during 3 months each of 
dry-season irrigation, the water use fell by 60% at the 51.2 acres where micro-irrigation 
systems were installed at pre-irrigated farms; considering the entire sown area of 111.3 acres 
at all 50 farms, the reduction in water use is 22% (compared to the baseline), both because 
36.6 acres of the crop-land that continues to be watered with the existing large pipelines and 
the additional irrigation of 23.5 acres of land that were earlier only rain-fed. 
Thus far, the lessons learnt: (i) Power supply quality continues to be a problem: 2 pump 
motors were burnt (twice in one case) during a period of 4 months. (ii) all the farmers have 
indicated their satisfaction with the new facilities, particularly those rain-fed farms that have 
access to irrigation for the first time, as they have been able to grow crops during the dry 
season and with short-term crops (e.g. vegetables) have already earned cash income; (iii) the 
efficient water-application facilities are more valuable to the farmers than the efficient pump, 

                                                 
18 The shifts from chemical fertilizers to natural manure, composting and inter-cropping with 
leguminous plants are not being described here. 
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but despite the state-subsidy, the farmers' cost component continues to be beyond the poor 
and the procedures for obtaining it make it difficult to collect19. 
 
- Maharashtra, Gujarat, Rajasthan, Haryana, Punjab - pump set replacement and 
system improvement (BEE) proposed/ongoing: The Bureau of Energy Efficiency (BEE) in 
their schemes for promoting energy efficiency have included agricultural pump-sets in the list 
of 11 products for efficiency standards and labelling.  Pertinent to our study, five states -- 
Maharashtra, Gujarat, Rajasthan, Haryana, and Punjab – were selected for Phase-1 
implementation of agricultural pump DSM projects.  Metering of electricity use on selected 
feeders has been carried out and a specified number of pumps are to be replaced with starred 
efficient pumps, through ESCOs (BEE, 2009). 
 
Table 2: BEE proposed plans with respect to agricultural pumps 
State  
Maharashtra Energy audit of a total of 2,215 pumps connected to 4 feeders in Mangalvedha 

sub-division of Solapur District; 
MSEDCL should convert the selected feeders to HVDS under the R-APDRP 
scheme by the time our phase-II of the project gets started.  

Rajasthan audit of a total of 2,000 pumps connected to 13 feeders 
Gujarat audit of a total of 1,600 pumps on 6 feeders from 3 circles 
Haryana audit of a total of 2,100 pumps on 14 feeders 
Punjab audit of a total of 2,100 pumps on 6 feeders 
Source: Schemes for Promoting Energy Efficiency in India during the XI Plan (BEE, 2009) 
 
 
 A.2 Executing efficient water application and use: 
 
- AP, Gujarat, MP, and Rajasthan - groundwater (Aga Khan RSP), '90s' till date: Over 
400 structures have been created in the states of Andhra Pradesh, Gujarat, Madhya Pradesh, 
and Rajasthan, for harvesting and storage of rainwater that is directly lifted for irrigation, or 
else recharging the groundwater aquifers for more rational extraction through wells 
(http://www.akdn.org/india_rural.asp).  These have led to an additional 4,000 hectares of 
irrigated croplands in the programme areas, which is being further expanded through the 
adoption of water saving devices such as drip irrigation and sprinklers. 
 
- AP (Anantpur and Mahbubnagar) & Karnataka (Tumkur) - groundwater 
(CRIDA,ANGRAU,BAIF/DFID), early 2000s: The purpose of this particular DFID20 
project (R8192) was to identify and promote strategies for sustainable management of natural 
resources to improve the livelihoods of landless, small and marginal farmers and herders 
(including women) and to do so by applying existing technical and social research knowledge 

                                                 
19 Down to Earth (2003) quoting IDE and the Aga Khan Rural Support Programme had reached 
similar conclusions.  The difficulties of installing drip systems included the high initial investment 
(despite the subsidy) for small farmers, a wide range of product prices from dealers, and a many-step 
procedure for obtaining the state-subsidy that includes paper-work, delays, and the unscheduled 
charges (or bribes!) that have to be paid at some stages.  
20 DFID had provided £39 million to the Government of Andhra Pradesh for community-based water 
management through the Andhra Pradesh Rural Livelihoods Project (June 1999 to December 2007). 
Technical support, worth a further £147,000, was provided to increase the ability of the Andhra 
Pradesh state Government irrigation department to effectively manage irrigation systems in the state 
(Foster, 2009, regarding DFID funding of irrigation in AP). 
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and skills within an enabling environment.  The project was executed by an inter-disciplinary 
partnership, comprising scientists from CRIDA (Central Research Institute for Dryland 
Agriculture), the Andhra Pradesh and Karnataka State Agricultural Universities, ICRISAT, 
and staff members from an NGO BIRD-K (Bharatiya Agro Industries Foundation Institute for 
Rural Development-Karnataka).  Project sites covered 8 villages within 3 semi-arid districts 
(Mahbubnagar and Anantpur in AP, and Tumkur in Karnataka). 
The project had given top priority to augmenting ground water resources and efficient 
management of limited water resources through participatory natural resource management 
(NRM).  It was found that all the open wells in the project area had dried up and that the 
farmers had to leave most of their paddy lands fallow for a couple of years due to drought and 
depletion of the water level in bore-wells.  Though the Andhra Pradesh Water, Land and Tree 
Act (AP–WALTA) had been formulated, its implementation had not yet occurred.  Farmers 
were willing to try something new that required less water and helped conserve more water in 
situ. The focus-group discussions scientists had with the villagers brought out the need for 
simple technology to augment groundwater and increase water–use efficiency. 
Under the project, several interventions were taken up through people’s (individual and at 
community) participation.  Only one of the field activities concerns our study – water 
conservation.  This involved: i) Monitoring the water level in bore-wells in different locations 
of the villages through the use of a simple water level indicator (made by ICRISAT) with the 
help of project staff, so as to keep track of groundwater fluctuations over time. 
ii) Diverting runoff to abandoned / dry open wells for recharging groundwater through 
people’s co-operation. 
iii) Contributing towards construction and maintenance of soil and water conservation 
structures like trench-cum-bunds, percolation ponds, check dams, gully control structures 
etc., as measures to improve groundwater status in the project area. 
Many farmers were initially reluctant to participate in activities that removed some of their 
land from cultivation.  The success of the project in overcoming this reluctance is attributed 
to its effective use of action learning tools such as a rainfall simulator, exposure visits to 
other communities having water conservation structures, village Salaha Samithi (advisory 
committee) elected by the villagers to help in the implementation of agreed interventions, and 
the use of participatory monitoring.  A few bore-wells owned by cultivators of different 
locations were identified.  The water table level was measured periodically in the presence of 
the owners so they would understand how fast the water table was depleting and therefore the 
need for conservation. 
Throughout the project area, farmers reported increased ground water levels in bore-wells 
even before the good 2005 monsoon and believed that this was due, at least partially, to the 
water harvesting structures.  A few farmers were able to use their farm pond water for life-
saving irrigation of nearby vegetables or groundnuts and, by the end of the project two 
farmers were adapting their ponds for fish farming.  Farmers valued both the groundwater 
recharge and the immediate benefit of the structures on crop productivity (Ramakrishna and 
Subrahmanyam, 2005; CRIDA and BAIF, 2005; CRIDA, ANGRAU and BAIF, 2005). 
 
- Gujarat state – rainwater harvesting (state and local), 2000 – present: Gujarat has one 
of the largest community based check-dam programmes in the country.  A few villages21 had 
                                                 
21 For example, young men of Khopala, a village in water scarce Saurashtra, grew tired of the poor 
agriculture productivity due to water shortage and decided to solve their problem themselves instead 
of waiting for a government scheme. They collected money from within the village and from those 
who had migrated to urban areas. With community labour and native intelligence, they constructed 
200 check dams, small and large, in a six month period before the monsoons. The water harvested 
during monsoon transformed their village economy (Oza, 2007). 
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been constructing check dams on their own initiative with their own funding and labour, 
increasing the area under irrigation and improving the availability of drinking water.  Word 
of these successes was spread by local leaders, NGOs and the regional media and thousands 
of other villages chose the same path.  The Government, in tandem with the mood of the 
masses, developed an easy-to-access scheme called the Sardar Patel Sahakari Jal Sanchaya 
Yojana, wherein the State funded 60% of the cost while the community contributed 40% 
through labour, material, and cash (it was changed to 80:20 in 2005).  The irrigation 
department was restructured to support this scheme which had very simple design parameters 
for the dams and simplified application procedures.  Since January 2000, over one lakh check 
dams are reported to have been constructed in the Saurashtra region alone.  The average cost 
is about Rs 5 lakh and storage varies between 0.15 Mm3 to 0.35 Mm3 (Oza, 2007).  The 
improved availability of groundwater for irrigation is believed to have helped the earlier dry 
regions of Saurashtra, Kachchh and North Gujarat perform better than the canal-irrigated 
areas of central and south Gujarat.  For the state as a whole, by December 2008, nearly 
5,00,000 structures were created – 1,13,738 check dams, 55,917 bori bandhs, 2,40,199 farm 
ponds, besides 62,532 large and small check dams -- under the supervision of the Water 
Resources Department of the Government of Gujarat.  Arguably, mass-based water 
harvesting (along with farm power reforms) has helped energise Gujarat’s agriculture (Shah, 
et al., 2009).  (While Gujarat state had this high profile ‘Sardar Patel Sahakari Jal Sanchay 
Yojana’, other states too have their Government-promoted schemes: for example, Madhya 
Pradesh has a ‘Jalabhishek Yojana’ and Rajasthan has a ‘Jalbiradari’ scheme).   
 
- Himachal Pradesh (HP) - Hamirpur district: water harvesting (state and local), 2000-
08: While NASA satellite data indicate a foot/year drop in groundwater levels across most 
parts of Punjab, Haryana, Rajasthan and Delhi, the district of Hamirpur, HP, has in striking 
contrast shown an increase of over a meter/year (Thakur, 2009).  The CGWB’s observation 
well near Baghnalla has shown increases every year from 2000 to 2008.  Traditionally, 
people used khatris – burrows dug into pervious rock that allowed the water to filter through 
to collect in the impervious rock below.  About 10 years ago, Hamirpur embarked on “Jal 
Samvardhan” journey focusing on reviving the old and building new check dams.  65 older 
dams were cleaned with community involvement and developed for fish farming.  Around 
2,000 small nallah bunds, ponds, and check dams, and nearly 1,500 soil conservation and silt 
retention structures were constructed.  The basis for the activities was the paradigm that small 
catchments collect relatively more water than larger areas, by avoiding losses through 
evaporation and run-off (as was proven by the Israelis in the Negev desert).  Results indicate 
that drinking water supply schemes have been revived, irrigated croplands have increased, 
fodder production has increased.  (Cropping patterns now include vegetables, rather than only 
maize and wheat, and the number of small dams with fish rearing has increased from 81 with 
a yield of 120 tonnes in 2002, to 152 with a yield of 244 tonnes in 2008). 
 
-Tamil Nadu - part of multi-disciplinary project (Hanumannadi basin), 2003-05: As a 
part of a Water Resources Management project in the Hanumannadi basin Tamil Nadu, 
(WRM-TN Water Resources Organisation), efficient water conveyance (through piping 
instead of open channels) and efficient application through drip and sprinkler methods are 
together estimated to have raised irrigation efficiency from 38.5 to 67.5%.  Recharging of 
wells (through building check dams, channels for surface run-off, etc.) was also being 
included in the project. 
 
- Gangetic plains - affordable drip systems (and also treadle pumps) (IDEI) 2000s: The 
International Development Enterprise India (IDEI) has developed an affordable drip 



 
 

  Antonette D’Sa, 
IEI-Asia 

20 

irrigation technology (ADITI) that consists of simple and ready-to-use packaged kits, 
available in small units.  IDEI has three models which it has been promoting in the market: 
these can be broadly classified as bucket kit, drum kit, and easy drip, and also customized 
kits.  ADITI kits have been designed for a range of crops and are applicable in a wide range 
of plot sizes varying from 20 square meters to 1000 square meters, with prices ranging from 
Rs 250 to Rs 4000.  Divisible and available in convenient packages which the farmers can 
install and maintain themselves, the farmers also have the option to begin with one unit and 
expand later at their convenience.  Tests in different regions have confirmed average 
discharge uniformity of 85%.  Till date, IDEI reports that it has facilitated the sale of more 
than 85,000 drip irrigation kits (http://www.ide-india.org/ide/aditi.shtml). 
Also, since 1991, IDEI has been implementing a programme of mass marketing of treadle 
pumps (with the brand name Krishak Bandhu) in Eastern India (earlier called the KB East 
Programme).  An estimated 7,50,000 pumps have been in use (www.ide-
india.org/ide/treadlepump.shtml).  Treadle pumps are foot-operated water lifting devices that 
can irrigate small plots of land in areas where the water table is easily reachable (not deeper 
than 25 feet).  They enable small/marginal farmers to increase their earning by extending the 
cropping period into the dry seasons, and are environmentally-friendly by avoiding the need 
for fuel.  In West Bengal and Orissa, farmers cultivate boro or winter crops, while in UP and 
Bihar farmers use treadle pumps to irrigate vegetable-crops. 
 
- REEEP-financed drip irrigation scheme, 2009: The Renewable Energy and Energy-
Efficiency Partnership (REEEP) supplied the seed funding (€100,000) for a project that, in its 
initial implementation, is enabling 25,000 farmers in India to secure drip irrigation systems 
worth €15 million in the states of Maharashtra, Gujarat, and Rajasthan.  The drip irrigation 
deal is part of a larger project with Yes Bank to develop (along with Jain Irrigation Systems) 
a new credit practice to supply financing bundles (each averaging (€594) for small-scale 
renewable energy and energy efficiency projects in rural and per-urban India. 
 
- National programme on water resources for agriculture (MoWR-GoI) 2004 -05 
onwards: A national project for the repair, renovation and restoration of water-bodies 
directly linked to agriculture was begun in the year 2004-05 by the Ministry of Water 
Resources, Government of India.  Pilot projects in 16 districts have been completed.  Details 
are awaited. 
In 2007-08, a Rs 1,800 crore national programme for artificial recharge of groundwater 
through dug-wells was announced.  The scheme envisages recharging 4.45 million wells in 
seven states groundwater-stressed States – Tamil Nadu, Rajasthan, Andhra Pradesh, Gujarat, 
Madhya Pradesh, Maharashtra, and Karnataka (MoWR-GoI, 2008).  Direct subsidies are 
intended to be given to farmers – 100% to marginal and small farmers (owning up to 2 ha of 
land each), and 50% to the others.  However, the state departments were expected to give lists 
of beneficiaries; the progress of the programme has not been reported. 
 
Table 3 summarises the implementation projects described above. 
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Table 3: List of implementation projects reviewed 
(Cases marked with an asterisk * indicate that the project aimed at both pump set and water-application efficiency.  In the cases marked with an ampersand &, further details 
are awaited. Number in brackets [] (in first column), are for sources listed among the references.) 

Project: location 
(implementation 
/funding) dates 

Activities reported Achievements reported Post-project evaluation, if 
any 

A.1 Executing pump set efficiency improvements: 

Gujarat - pilot 
projects 
(GEB/REC) - 
1978-88 [16], [86] 

For (i)-(iii), between ’78-85: 
(i) Replacement of suction pipes and foot-
valves by GEB; 
(ii) Complete replacement of pumps, piping 
and foot-valves by GEB; 
(iii) Replacement of mono-block pumps of 
appropriate capacity (using 3 - 7.5HP 
instead of 5 - 20 HP, respectively) and 
demonstration to farmers in different 
Circles; 
(iv) Between ’86-88: 488 cases of complete 
rectification by Gujarat State authorities and 
Kirloskar Brothers Ltd., Dewas 

 
(i) 1,108 completed --estimated 21.7% energy 
conservation; 
(ii) 8 completed -- estimated 51% energy 
conservation; 
(iii) demonstration of pump replacements at 16 
farms, witnessed by about 700 farmers; initial 
energy saving 24 - 69%; the new pumps had 
lower ampere loading for comparable or greater 
water discharge; direct demand reduction from 
1.2 - 6 kW each. 
(iv) aggregate energy reduction of 53% at the 
time of rectification;  

 

Tamil Nadu - 
(TNEB/REC) 
pump set 
rectification (with 
sample 
monitoring) - 
1980s'[16] 

Replacement of suction and delivery piping 
(GI to RPVC) and foot-valves, at pump sets 
of 5 HP rating 

3,125 completed; 500 cases evaluated by NPC: 
while system efficiency and 
water discharge improved, 
energy consumption increased 
by 11.7% due to the increased 
water flow; energy saving 
estimated at 19%. 
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Gujarat - 
(GEB/REC) pump 
set rectification 
(with sample 
monitoring) - 
1985-86 [16], [31] 

(i) Replacement of pumps and foot-valves; 
(ii) Replacement of suction and delivery 
piping (GI by RPVC) and foot-valves 

(i) 3,128 cases - replacing (5 HP) pumps and 
FFVs, estimated 34.7% energy conservation; (ii) 
9,782 cases -piping and FFVs replaced; 
estimated 30% energy conservation 

500 cases evaluated by Power 
Utilisation Consultancy: 48% 
reduction in energy required per 
unit of water discharged; water 
discharge increased by 59.3%; 
however, energy consumption 
increased by about 5.6 percent, 
and the increase in all the 3100 
pump sets was about 10.8 
percent. 
 

Madhya Pradesh - 
(MPEB/REC) 
pump set 
rectification (with 
sample 
monitoring) - 
1980s'[16] 

Replacement of suction and delivery piping 
(GI to RPVC) and foot-valves 

3,125 sets completed; 527 cases evaluated by ICM; 
water discharge improved by 
57.5%, energy consumption 
increased by 12% due to the 
increased water flow; overall 
system efficiency improved from 
23% to 33%. 

Andhra Pradesh - 
(APSEB/REC) 
pump set - 2nd 
phase (with 
sample 
monitoring) – 
1985-86[16] 

Replacement of suction and delivery piping 
(GI to RPVC) and foot-valves 

2,500 sets completed in the 2nd phase (1st phase 
data not available); 

505 cases evaluated by NPC: 
system efficiency and water 
discharge improved 
considerably, energy 
consumption increased by 2% 
due to the increased water flow; 
but energy saving estimated as 
26%. 

Andhra Pradesh - 
Chittoor dist., 
DFID, 1987-90 

Details not available   
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&[119] 

Gujarat pump 
replacement 
(ICM/MoE) – 
1988 – 94 [102], 
[119], [34] 

Complete replacement of about 500 mono-
block pumps, by Institute of Co-operative 
Management, Ahmedabad 
 

  

Gujarat pump 
replacement 
and/or retrofitting 
(GEB/MoE) – 
1988-94 [16], [62], 
[31] 

There were 4 types of replacements: FFVs 
only, FFVs and RPVC piping (suction and 
delivery), 5-HP pump-sets only, and all of 
these.  There were relatively few of the last 
two types. 

Over 20,000 replacements are reported to have 
taken place. 

While there was no metering by 
the utility, the installation 
contractors measured the flow 
with portable meters. 

Maharashtra 
(MSEB/MEDA) - 
1989-94 [60] 

An average of 350 to 400 pump sets were 
rectified each year through measures such 
as piping & foot-valve replacement 

A total of 1,750 - 2,000 replacements should 
have been completed; no details of monitoring 
are available.  The IIEC-MEDA study of 2005 
recommends large-scale (100,000) pump 
rewinding/replacement, quoting these earlier 
efforts, and proposes funding from MSEB 
through avoided cost of supply and from MEDA 
for capacity-building. 

 

Andhra Pradesh - 
Warrangal dist., 
(JBIC), 1993-96 
&[119] 

Details not available   



 
 

  Antonette D’Sa, 
IEI-Asia 

24 

Tamil Nadu  
(MoP ) – 
1991-92 [62] 

10,000 pump sets were intended for 
rectification by replacement of foot-
valves 

  

Punjab (MoP ) - 
1997-98 [66] 

Demonstration/pilot projects on rectification 
of 1,350 pump sets 

  

Haryana (MoP) - 
1997-98 [66] 

Rectification of 800 pump sets   

Gujarat (MoP ) - 
1997-98 [66] 

Rectification of 5,000 pump sets   

Andhra Pradesh 
(MoP) – 
1996-99 [66] 

Rectification of 1000 pump sets completed 
during 1996-97, and replacement of foot 
valves in 20,000 pump sets and setting up 5 
demonstration centres of energy efficient 
electric lift irrigation, during 1997-98 
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Andhra Pradesh - 
Nalgonda dist.  
(APTRANSCO 
/DFID) 
1998 - 2000, and 
follow-up study 
[79], [1], [122] 

In this part of the project: for 16 villages 
covered under Nakerkal 33/11 KV 
Substation: conversion of the existing 3 
phase low voltage distribution system into 
single phase HVDS and installing 3,216 
single phase motor pump-sets in place of 3-
phase pump-sets. 
 

Till September 2002, when the scheme ended, 
1,641 pump-sets in 11 villages were replaced. 

3EC evaluated the project: while 
the average efficiency of 
pumping improved from 27% to 
36%, there were several 
operational problems due to 
which the scheme was 
prematurely ended. 

Andhra Pradesh - 
Karimnagar and 
Chittoor districts 
(APSEB/WB-
Norway-AIJ), 
intended for 
Sept.1998 -Aug. 
2000 [6], [36] 

Integrated package for electricity saving and 
GHG emission reductions through: (a) 
distribution efficiency by conversion to 
HVD network, (b) reduction in system 
demand and line losses, through load 
control, etc. (c) replacement of pump-sets 
(3-phase to single-phase motors) and 
associated piping and valves 
 

  

Karnataka - 
Bantwal taluk 
(Co-op society) - 
2003 & [33] 

Replace all the inefficient 13,143 irrigation 
pump sets 

 The society did not get 
distribution rights in the area, 
hence it is unlikely that the 
project was successful. 

MP – Western 
zone, 
(Kirloskar/Econol
er/CIDA funded) – 
2004 [50], [27], 
[128] 

50 pumps replaced with efficient pumps; 
(the longer-term goal was to replace 30,000 
pumps in all 3 zones – West, Central and 
East – of MPSEB). 

All the pumps were in shallow wells (at best 70 
feet). Most 5 HP pumps were replaced with 3 HP 
pumps of almost equivalent discharge.  Examples 
of two cases indicate energy saving of 33.8% and 
43%.  The total connected load reduced from 213 
kW to 117 kW; hence 96 kW of power was 
saved at Rs 6 lakhs (installation only). With an 
energy saving of 45% per hour of use, the 
payback was said to be 27 months. 

KBL estimated avoiding 1,000 
MW demand through the 
replacement of 6.25 lakh pump 
sets, at a cost of Rs 450 crores 
(subtracting farmers' 
contribution of 25-25% and 
scrap value of existing pumps). 
Econoler had performed 
feasibility studies during 2002-
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05 for the DSM program; this 
program, run by the utility, 
would be tied to the 
establishment of HVDS for the 
rural network. 
   

Gujarat - 5 taluks 
(GEDA/farmers) - 
2007-09[31] 

Replacement of existing submersible pumps 
with 5 HP efficient pumps 

about 6,000 pumps replaced Saving has occurred through the 
use of more efficient (BEE-
certified) pumps, and of 
appropriate capacity. 

Haryana 
(HAREDA 
/farmers) – 
2000s' [38], [142], 
[23] 

Scheme of providing 50% of the cost 
difference between ISI and non ISI electric 
motor/pump sets @ Rs. 400/- per HP to a 
maximum of Rs. 5,000 per pump set, on the 
purchase of ISI marked pump sets by the 
farmers; also DHBVNL's scheme of 
installing LT MDI meters on every new 
tube well connection (in place since Jan’06) 
to get information about agricultural 
consumption, load pattern & rural feeder 
losses, and plug the loophole in energy 
accounting. 
 

 Till 2008-09, 14,668 ISI-marked 
pump sets were installed which 
resulted in saving of 46.6 MU 
(38.8 MW) of electricity. -- The 
method of arriving at the 
electricity saving through pump 
set replacement has not been 
specified. 
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Karnataka - pilot 
(pump set) 
project, 
Doddaballapur 
sub-division, 
Bangalore district 
(WENEXA, 
USAID) – 
2006-08 *[72], [84] 

Energy audit 10% of the functioning pump 
sets showed 91% operate with efficiency of 
less than 30%; voltage profile on both 
feeders was found inadequate to support the 
quality of power needed for the operating 
BIS pumps. 15 farmers agreed to 
participate: the pumps in use were replaced 
with new efficient and correctly sized 
pumps, in return for the farms shifting at 
least 1 acre of flood-irrigated crop-land to 
drip irrigation. 

All the original 15 pumps were oversized and 
only three met BIS specifications. Their average 
age was two years. Pump motors were generally 
repaired at least once a year because of severe 
fluctuations in voltage. 

Average pump capacity was 
reduced by 2 HP, the average 
number of pump set stages 
increased from 18 to 21, and the 
average depth where pumps 
were seated in the wells declined 
from 156.3m to 152.1m; 
combined power demand 
reduced from 71,782 watts to 
51,559 watts immediately after 
installation, but was 55,334 
watts after six-months of 
operation. Water discharge rates 
remained essentially unchanged. 
Within 6 months, 2 new pump 
sets were returned for repair as a 
result of frequent voltage 
fluctuations and within 9-months 
of installation 6 farms were 
reported burnout. The use of 
energy efficient, right-sized 
pump sets, & drip irrigation 
systems resulted in an overall 
70% reduction in energy and a 
60% reduction in water 
consumption (calculated using 
connected load and water 
discharge, and self-reporting 
data from farmers on pumping 
hours/week). 
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Karnataka - pilot 
(capacitor) 
project, 
Doddaballapur, 
Bangalore district 
(BESCOM/DRUM
-MoP/USAID) – 
2008 [8] 

Of the existing 56 feeders 32 feeders were 
selected for installation of capacitors, 19 of 
which are rural feeders, one industrial, and 
one catering to combined urban and rural 
loads; 63 capacitor banks of 600 KVAR 
each were to be installed. 
 

The installation was completed in 3 months; 
three feeders were selected for conducting the 
sample study -- the 9-month (Jan – Oct’08) data 
study found these to be cost-effective in terms of 
the reduction of losses. 

 

Andhra Pradesh 
(CWS-
Prayas/AEI) - 
2008-09 [92], [122] 

(i) Field work in 2 villages (one with 8 open 
wells and 11 bore wells, the other with 6 
open wells and 23 bore wells); (ii) "thinking 
through" approach for future plans 

Field observations included: metering of key 
electricity parameters, such as voltage, current, 
power, power factor at the DTs and selected 
pump-sets (to understand the quality of power 
and consumption by pump-sets), and assessment 
of the use/problems with the new shunt 
capacitors that had been supplied earlier.  
Measurement of hydraulic parameters such as 
discharge, total head etc. was carried out with 
clearly defined methods, to relate hydraulic 
power with power consumed by the pump-set. 
Field interventions were on power and water use 
efficiency by making trial interventions (such as 
installing voltage & current meters, capacitors on 
pump-sets).  
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Karnataka - DT 
metering and 
pump 
replacement, 
Doddaballapur, 
Bangalore district 
(BESCOM/ESCo) 
– 2009 [9], [10], 
[67], [68], [133], 
[83], [11] 

This public-private project, being adopted 
for the first time, is fairly small in 
comparison with the distributing utility’s 
base – less than 700 pump sets of 
BESCOM’s 6.2 lakh pump sets would be 
included.  BESCOM has the responsibility 
of investment in the required infrastructure 
– conversion of pilot feeders to high voltage 
distribution system (HVDS) with one 
distribution transformer (DT) for each 
pump, installation of capacitor banks, fault 
passage indicators, and fixing of meters on 
all DTs and is responsible for maintaining 
the power supply system.  The ESCo is 
responsible for planning, financing, and 
implementing the pump replacement (with 
an 18-month warranty), and also 
maintenance.  The value of electricity 
saving effected (as compared with baseline 
readings), will be monetized at the pool cost 
of power purchase; this will be shared 
during the 10-year contract period between 
the utility and the ESCo on a pre-agreed 
basis. Bidders could be from among energy 
service companies (ESCo)s, pump-set 
manufacturers, suppliers, etc., with a 
specified minimum turnover and staff. 
  

BESCOM has installed the required HVDS and 
665 independent DTs, one for each pump.  While 
it was intended that an energy meter be 
immediately installed at each DT for accurate 
baseline energy estimation, there was resistance 
from some farmers, necessitating further 
negotiation and installation in stages. The 
installation of all the required meters was 
completed on the 3rd April ‘09, and on the 6th 
July ‘09 an agreement was signed between 
BESCOM and Enzen Global Solutions Private 
Ltd. (ENZEN).  This is the only utility-ESCo 
collaboration for demand side management in the 
agricultural sector.  For the successful operation 
of such agreements, likely challenges to be 
overcome include farmers’ reluctance to 
participate (particularly with metering of 
electricity use) and maintenance of the supply 
system. 

 

Karnataka - 
demonstration 
project (IEI) * 
2009-10 [42] 
 

At the 50 selected farms in the 2 districts: 
(i) An energy-meter was installed at each of 
the 34 deep-well irrigated farms; thereafter 
the pumps were replaced with new "starred" 
efficient pumps providing at least the same 
water discharge and the power and energy 
saving measured. The rated capacity of most 

Results for electricity and water use: Metered 
electricity use fell by 41.5% for existing irrigated 
farms; including the extension of irrigation to 17 
farms, the aggregate reduction is 31.4%.  
Similarly, during 3 months each of dry-season 
irrigation, water use fell by 60% at the 51.2 acres 
where micro-irrigation systems were installed at 
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of the new pumps is of 5 HP (or 3.73 kW) 
and 11 stages.  Due to the depth of the water 
availability and the area to be irrigated, 2 
pumps of 6 HP/14 stages and one of 7.5 
HP/10 stages were installed.  However, due 
to voltage and current fluctuation at various 
points of the grid system, the connected 
load actually metered varies over the 
sample.  Each existing pump-owner had to 
give up his old inefficient pump or pay the 
re-sale value for it;(ii) The 16 rain-fed farms 
were provided with shared (4 each) access 
to 4 deep/bore wells fitted with similar new 
"starred" efficient pumps. (iii) The water 
discharge was measured at each of the 
irrigated farms before and after pump-
replacement. During the project, every farm  
is being provided with 1-2 acres of 
drip/sprinkler facilities, depending on the 
crops being grown/intended to be grown; 
the water saving will be estimated, 
depending on the hours of use reported. 
 

pre-irrigated farms; considering the entire sown 
area of 111.3 acres at all 50 farms, the reduction 
in water use is 22%, (because 36.6 acres of crop-
land continues to be watered with the existing 
large pipelines, 23.5 acres of additional is being 
irrigated). 

Maharashtra, 
Gujarat, 
Rajasthan, 
Haryana, Punjab - 
pump set 
replacement and 
system 
improvement 
(BEE) – 
ongoing [7] 

Phase I: Metering of electricity use on 
selected feeders has been carried out and a 
specified number of pumps are to be 
replaced with starred efficient pumps, 
through ESCOs 

Maharashtra: Energy audit of a total of 2,215 
pumps connected to 4 feeders in Mangalvedha 
sub-division of Solapur District; Rajasthan: audit 
of a total of 2,000 pumps connected to 13 
feeders;  Gujarat: audit of a total of 1,600 pumps 
on 6 feeders from 3 circles; Haryana: audit of a 
total of 2,100 pumps on 14 feeders; Punjab: audit 
of a total of 2,100 pumps on 6 feeders. 
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A.2 Executing efficient water application and use: 

AP, Gujarat, MP, 
Rajasthan - 
groundwater  
(Aga Khan RSP) - 
'90s' – present [3] 

Over 400 structures created for harvesting 
and storage of rainwater that is directly 
lifted for irrigation, or recharging the 
groundwater aquifers for more rational 
extraction through wells. 
 

An additional 4,000 hectares of irrigated 
croplands in the programme areas, which is 
being further expanded through the adoption of 
water saving devices such as drip irrigation and 
sprinklers; 

 

AP & Karnataka 
(CRIDA, 
ANGRAU, 
BAIF/DFID NRS 
R8192) - 
early 2000s[18], 
[19], [94] 

The project purposes were wider but those 
activities pertinent to this study are: 
augmenting ground water resources and 
efficient water-resource management 
through participatory NRM 

These interventions were supposed to have been 
taken up through people’s (individual and 
community) participation: i) monitoring the 
water level in bore-wells in different locations, to 
keep track of fluctuations, through a simple 
water level indicator (made by ICRISAT) with 
the help of project staff ; (ii) diverting runoff to 
abandoned / dry open wells for recharging 
groundwater through people’s co-operation; (iii) 
construction and maintenance of soil and water 
conservation structures like trench-cum-bunds, 
check dams, etc., as measures to improve 
groundwater status; (iv) shifting to less water-
intensive crops. Village Salaha Samithi were 
formed through selection of a few leaders by 
villagers themselves to help in the 
implementation of agreed interventions. 
 

In the project areas, farmers 
reported increased ground water 

levels in (bore) wells even 
before the good 2005 monsoon 

and believed that this was due, at 
least partially, to the water 

harvesting structures. A few 
farmers were able to use their 

farm pond water for life-saving 
irrigation of nearby vegetables or 
groundnuts and by the end of the 

project two farmers were 
adapting their ponds for fish 

farming. Farmers valued both 
the groundwater recharge and 

the immediate benefit of the 
structures on crop productivity. 
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Gujarat state: 
rainwater 
harvesting (State 
Govt. and local 
people) - 
2000 – 
present[82], [113] 

Rain-water harvesting and groundwater 
recharge activities;  

While the scheme was most successful in 
Saurashtra and Kachchh (where over a lakh 
structures were constructed), in the state as a 
whole, by December 2008, nearly 5,00,000 
structures were created – 1,13,738 check dams, 
55,917 bori bandhs, 2,40,199 farm ponds, 
besides 62,532 large and small check dams 
constructed. 
 

1 

Himachal Pradesh 
- Hamirpur 
district: water 
harvesting (State 
Govt., and local 
people) - 
2000-08 [131] 

“Jal Samvardhan” -- focusing on water-
harvesting, reviving the old and building 
new check dams. 

65 older dams were cleaned with community 
involvement and developed for fish farming.  
Around 2,000 small nallah bunds, ponds, and 
check dams, and nearly 1,500 soil conservation 
and silt retention structures were constructed. 

Drinking water supply schemes 
have been revived, irrigated 

croplands have increased, fodder 
production has increased, 

cropping patterns now include 
vegetables (rather than only 

maize and wheat), and the 
number of small dams with fish 

rearing has increased from 81 
with a yield of 120 tonnes in 

2002, to 152 with a yield of 244 
tonnes in 2008. 

 
Tamil Nadu - part 
of multi-
disciplinary 
Hanumannadi 
basin project (TN 
Govt.) – 
2003-05 *[138] 

Efficient water conveyance (through piping 
instead of open channels) and efficient 
application through drip and sprinkler 
methods that, together, are estimated to 
have raised irrigation efficiency from 38.5 
to 67.5%.  Recharging of wells through 
building check dams, channels for surface 
run-off, etc. was also being included in the 
project. 
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Genetic plains - 
affordable drip 
systems (and also 
treadle pumps) 
(IDEI-
commercial) – 
2000s *[40] 

Affordable drip irrigation technologies 
(ADITI) are simple and ready-to-use 
packaged kits -- "bucket kit", "drum kit", 
"easy drip" and "customized kits". -- 
designed for a range of crops and are 
applicable in a wide range of plot sizes 
varying from 20 square meters to 1000 
square meters, with prices ranging from Rs 
250 to Rs 4000. Divisible and available in 
convenient packages (in the form of kits), 
the farmers can install and maintain them 
themselves, & have the option to begin with 
one unit and expand later;  

IDEI has suitably adapted this technology to 
meet the needs of poor farm families by making 
the technology simpler and affordable. Till date, 
IDEI reports that it has facilitated the sale of 
more than 85,000 drip irrigation kits. 
Promotional efforts are being carried out for 
generating awareness.  With funding from 
USAID, IDEI has started implementing a project 
on commercializing micro irrigation, tailored to 
the needs of the poor. 'AMIT (Affordable Micro-
irrigation Technology) Plus Programme' will 
develop and build the capacity of networks of 
providers; after developing networks, IDE staff 
will exit from an area, monitor results and move 
on to another area. 
 

 

Maharashtra, 
Rajasthan, 
Gujarat Drip 
financing 
(REEEP) – 
2009[100] 

Enabling 25,000 farmers in India to secure 
drip irrigation systems worth €15 million, 
through credit packages from YES 
Bank/Jain Irrigation  

  

National 
programme on 
water resources 
for agriculture 
(MoWR-GoI) – 
2004 -05 onwards 
[71] 

A national project for the repair, renovation 
and restoration of water-bodies directly 
linked to agriculture. In 2007-08, a national 
programme for artificial recharge of 
groundwater through dug-wells was 
announced.  Recharging 4.45 million wells 
in seven states groundwater-stressed States 
– Tamil Nadu, Rajasthan, Andhra Pradesh, 
Gujarat, Madhya Pradesh, Maharashtra, and 
Karnataka is envisaged (MoWR-GoI, 2008). 

Pilot projects in 16 districts were completed. 
Direct subsidies are intended to be given to 
farmers – 100% to marginal and small farmers 
(owning up to 2 ha of land each), and 50% to the 
others, via NABARD.  However, the state 
departments were expected to first provide lists 
of beneficiaries.  Reports on the progress of the 
programme are not available. 
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B. Studies: 
 

There have been numerous studies that have dealt with energy conservation in the 
agricultural sector; the following are being described in so far as they consider improving the 
efficiency with which groundwater is used for irrigation in India – (i) the efficiency of water 
extraction and the costs of implementing such activities, (ii) groundwater re-charge and 
efficient water-application, (iii) system and resource management and pricing issues. 

 
- Pump set CCE (and economic implication of utility's implementation) - Karnataka 
(IISc/IEI), 1990, 1991, 1993: As part of the estimation of the costs of generated and saved 
electricity in Karnataka, the cost per kWh and per kW avoided through irrigation pump set 
retrofits had been calculated.  The retrofits included replacing the existing foot-valves (FV) 
with friction-less FV and the GI pipes with HDPE piping.  In addition to the estimates of 
electricity use avoided (or cost of conserved electricity, CCE), the potential for energy 
conservation based on the irrigation pumps in use in Karnataka at that time was also 
estimated (Reddy et al., 1990; 1991).  The purpose was to evaluate measures of bridging the 
demand-supply gap in alternative costing scenarios, for drawing up alternative scenarios and 
deriving an appropriate development-focused end-use oriented approach.  Later, the 
possibility of the utility’s implementing such replacement and financing it through the 
revenue from alternative sales of saved electricity to other (higher-tariff) sectors was 
evaluated (Reddy and D’Sa, 1993). 
 
- Assessment of irrigation pump set efficiency - Colleges of Agriculture (Karnataka and 
AP), 1994:22  Field studies on the performance of irrigation pump sets, possible ways to 
improve their efficiency, and the impacts of these measures on electricity use, had been 
undertaken by Colleges of Agriculture in Andhra Pradesh, Karnataka and Haryana. 
- Efficiency improvement measures – Andhra Pradesh - A sample of 87 diesel- and 87 
submersible pump sets in Kurnool district, Andhra Pradesh, was tested for efficiency and the 
reasons for inefficiency identified (Varshney, et al., 1990s).  The efficiency of diesel pump 
sets was found to be 4.78% to 13.04% in direct-coupled and 5.6% to 11.29% in belt-driven 
pumps, and from 27% to 41% at electrically-driven submersible pumps.  The efficiency-
improvement measures identified were: (i) low-friction foot-valves (available in 3 different 
sizes), (ii) RPVC instead of GI piping, that could increase discharge by 15-30%, and reduce 
the energy requirement by 30%. 
- Reasons for inefficiency – Karnataka -A study was conducted on 110 pump sets in two 
taluks (Honnali and Channagiri) of Shimoga district, Karnataka, to estimate the operational 
efficiency of the pump sets and farmers’ awareness of pump efficiency (Shashidhar et al., 
1990s).  Most pump sets were found to be operating at low efficiency and a majority of the 
farmers were not aware of the efficiency levels despite purchasing the pump sets form the 
SEB-recommended agents.  When reasons for inefficiency were studied, it was found that: 
97% experienced piping friction losses, 92% had inefficient foot valve, 60% had poor 
maintenance and around 40% had improper alignment.  Other factors such as fittings losses, 
poor foundation, use of sharp bends and leaky suction were also present. 
- Reasons for inefficiency and alternatives for efficiency improvement - AP - A field 
survey was carried out in Andhra Pradesh, with a sample of 5,625 pump sets in Warangal, 
436 in Karimnagar, and 426 in Chittoor districts (Reddy et al., 1994).  Various reasons such 
as improper selection of the size of prime movers, inefficient pumps, incorrectly-sized 

                                                 
22 These and others were presented at “National Seminar on Conservation of Energy in Agricultural 
Pumping Systems”, 28-29th December.  Only typed-scripts of these reports are available.  
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suction and delivery piping, poor condition of wells, clogging of foot-valves, and incorrect 
installation procedures, were identified as causes for low efficiency.  It was estimated that 
21% - 23% of energy could be saved by partial rectifications such as suction line and foot-
valve replacement.  This saving could be increased to 30% - 35%, by changing the delivery 
lines, to 40% - 45%, by pump replacement alone, and to the extent of 60%, by changing the 
complete system.  For periodic care and maintenance of the pumping systems, it was 
suggested that a separate division be created, headed by an agriculture engineer, with 
supporting staff from ITI and the Electricity Board. 
- Assessing energy conservation through improved irrigation practices – Haryana - A 
field study was undertaken to examine the on-farm efficiency of pump sets and irrigation 
management practices on 25 fields in Karnal and Kurukshetra districts of Haryana (Singh, et 
al., 1994).  The study included topography of the fields, crop geometry, soil type, available 
discharge of wells, and model simulation of the recommended irrigation depth.  The study 
showed that improper selection of pumps and prime mover, use of locally made foot-valves, 
and excessive suction head were the primary factors responsible for lower efficiency.  In the 
case of irrigation practices at wheat, paddy and sugarcane fields, land grading and water 
application methods were not as recommended, resulting in low irrigation efficiency.  The 
study concluded that about 18% of the water requirement could be saved through shifting 
from the border-strip to the check and furrow methods of irrigation, and over 30% of the 
energy could be saved through efficient pumping and reduced water use. 
 
Studies of improved pumps and accessories, 1994: 
- Improved motor systems – PSG, Coimbatore (TN): This paper discussed specially-
designed induction motors for conserving energy through agricultural pumping systems 
(Suresh Babu, et al., 1994).  The motor would have to exhibit constant efficiency over ranges 
of voltage and load, and be able to withstand the temperature rise due to voltage fluctuation.  
A variable speed drive with an additional power factor controller has been suggested.  Data 
were obtained from tests on Kirloskar motors.  The analysis indicated that the additional cost 
of improved systems could be recovered through energy saving.  
- Design and evaluation of efficient foot valves - 2 cases: A foot-valve was developed at the 
College of Engineering, Bapatla (AP) as an improvement on the existing foot-valves in the 
market as also on the earlier version developed at the same institution.  Details of 
construction and assessment of performance were given (Srinivasulu, et al., 1994).  An 
assessment of two improved types of foot-valves, in the experimental stage was also carried 
out in Coimbatore (Krishnamurthy, 1994). 
- Correct pipe fittings – GB Pant University of Agriculture and Technology – Laboratory 
and field studies of the relative performance of centrifugal pumps -- with standard pipe 
fittings vis-à-vis the fittings in use, indicated that the use of standard fittings could increase 
discharge by 26% - 60%, and simultaneously reduce the energy use per unit of discharge by 
20% to 46% (Sharma, et al., 1994). 
 
- Improper matching of wells and pump sets – REC Case study of tube-wells in 
Bharatpur (Rajasthan), 1994: This paper discusses factors affecting the efficiency of 
pumping water from wells (Satyanarayana, 1994).  It focuses on the estimation of well 
efficiency losses, and the selection of appropriately-sized pumps, depending on the required 
and optimal discharge rates.  Data from Rara village, Bharatpur district, Rajasthan has been 
used for illustration. 
 
- Reducing line losses through LT capacitors (MSEB), 1994: A scheme of leasing LT 
capacitors for agricultural feeders was developed by the then Maharashtra State Electricity 
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Board (Sonavane and Rathi - MSEB, 1994).  LT switched capacitors were being installed at 
the secondary of distribution transformers (DTs), on rural feeders with predominantly 
agricultural loads.  This would reduce the reactive loading on the DTs, thereby reducing the 
losses, and as the overloading due to the reactive load would be lower, there would be 
improvement in the voltage and a reduction in DT failure.  LT capacitors could be leased out, 
if a power factor of 0.9 is maintained.  The paper discusses the advantages of the scheme that 
was being installed during 1994-95 at 15,000 distribution transformers in Maharashtra. 
 
- Pump set CCE - Maharashtra (LBL), 2005:  For the agricultural sector in Maharashtra, 
previous studies have been used to estimate the const of conserved energy (CCE), to reduce 
the electricity shortage (Phadke et al., 2005).  The financial implications have been 
considered in three options: replacing the existing pumps with efficient new pumps when 
replacement is due, only retrofitting (changing the piping and FV), and immediately replacing 
the existing pumps with efficient alternatives. 
 
- Maharashtra - state use and all-India pump and component standards (Prayas), 1995: 
The Prayas team studied the component-wise efficiency improvements effected on irrigation 
pump sets through earlier studies, to assess the importance of component changes and the 
prevailing standards, as well as to analyse the irrigation pump set electricity use in 
Maharashtra.  They concluded that the BIS norms needed improvement, in particular: upward 
revision of the efficiency norms, accounting of the nature of the head-efficiency curve, good 
suction characteristics, and appropriate flange sizes (Sant and Dixit, 1995). 
 
- Tamil Nadu – one village pump set study, 1997-98: An attempt has been made in the 
paper to study the electricity use pattern in Tamil Nadu among different categories of farmers 
and its implications for the efficiency issues.  For this purpose, data have been collected from 
64 electrified pump-set owning farmers in a bore-well dominated village of Pudukottai 
district in Tamil Nadu, pertaining to the year 1997-98.  The study has analysed the farm-wise 
data on pump set installation, irrigation intensity, cropping pattern, productivity, electricity 
use and sale of water.  As the cost of electricity is not known in the absence of electricity 
meter reading (due to 100 per cent subsidy), the cost has been estimated for different 
categories of farmers (Iyyampillai & Abdallah, 1998). 
 
- UP, Bihar, Orissa – treadle pumps, early 2000s’: The TERI team surveyed 144 
households in UP, Bihar and Orissa, regarding the performance of treadle pumps (in areas 
where surface irrigation is possible).  The sample size was 54 households in Bihar, 51 
households in Uttar Pradesh and 39 households in Orissa.  Such pumps are low-speed, foot-
operated reciprocating pumps, which can be operated by standing on two bamboo levers and 
depressing them alternately using the feet.  They are able to provide a discharge of 1-2 litres 
per second.  The study indicates the suitability of treadle pumps for water-lifting at 
small/marginal farms because of convenience of operation and efficiency (as compared with 
diesel pumps) (Srinivas and Jalajakshi, 2004). 
 
- All India - electrical device efficiency (LBL) early 2000s': The LBL team considered four 
types of electrical device, among which are a prototype agricultural motor of 5 HP (˜ 3.8 
kW).  An estimated 2% improvement in the efficiency (from 83% to 85%, at 75% rated 
capacity) of each motor could result in an annual conservation of 117 kWh.  However, the 
corresponding price increase of 15% would not be acceptable to farmers, though preferable 
for the utility, as the cost/kWh of conserved electricity would be less than that of delivery 
(McNeil et al., 2008). 
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- Gangetic basin – diesel pumps (IDE), 2008: Within the IDE Micro diesel R&D program, 
a market study has been conducted in the Gangetic basin in India and Nepal on the irrigation 
practices of smallholder farmers using small diesel or petrol pump-sets or treadle pumps. The 
specific aim of the study was to collect pump use and performance data from the field by 
measuring output of the pumps as well as fuel efficiency.  Also user data on irrigation 
practices was collected using semi-structured interviews.  The information from this study 
would help in assessing the specific requirements a small engine driven pump-set has to 
meet, to suit the irrigation needs of a smallholder farmer.  The study will feed into the next 
phases of the micro diesel development within the IDE project (IDE (USA and Nepal) and 
Center for the Development of Human Initiatives, (Jalpaiguri, West Bengal), 2008). 
 
- Haryana and AP (all-India estimation) - pumping to GHG (Development First), early 
2000s': The part of this Development First study that is pertinent to our report is the Food-
Water-Energy-GHG Nexus (Development First, 2003).  The study attempts to quantify the 
correlation between the changes in the water table and global warming, through 
quantification of the energy use in ground water pumping for irrigation, tracked to the 
amount of GHG emitted by burning of fossil fuels for electricity generation (ignoring the 
extraction and transport components).  Haryana and Andhra Pradesh are selected because 
ground water pumping is predominant, and the corresponding co-efficients for India are 
estimated as a simple average.  Important results include: Under the present conditions, every 
meter fall in the ground water table will mean an increase of 4.374% in GHG emission for 
Haryana and 6% for Andhra Pradesh considering all other variables remaining constant.  
Also, for every percentage increase in efficiency, the fall in GHG will be 0.9 % for pumps 
and 0.85% for motors.  The study shows that three important modifications can improve the 
efficiency of the ground water pumping:- decreasing the discharge velocity, improving the 
pump efficiency by better selection & design, and improving the motor efficiency by better 
selection & design. 
 
- Gujarat - energy and groundwater demand management (IWMI), 2003: The paper 
presents a theoretical model to analyze farmers’ response to changes in power tariff and water 
allocation regimes vis à vis energy and groundwater use. It validates the model by analyzing 
water productivity in groundwater irrigation under different electricity pricing structures and 
water allocation regimes.  Data was obtained from 81 farms (30 well owners who are also 
sellers, 10 water-purchasers, 20 sharecroppers, and 21 tube-well co-operative members) in 
Banaskantha district, North Gujarat.  Important conclusions: The overall (gross and net) 
water productivity exclusive of irrigation cost is the highest for shareholders of tube-well 
cooperatives, followed by water buyers, and lowest for well owners who are also water 
sellers.  This means that farmers try to achieve highest economic efficiencies in water use 
when water is priced on volumetric basis and allocation is rationed.  However, shareholders 
achieve higher returns than insecure water-buyers, because the former know their water quota 
and can “budget” their water-use accordingly whereas the latter are at the mercy of the 
sellers; hence, net return from crop production is less elastic to the cost of irrigation than the 
reliability of irrigation (Dinesh Kumar, 2003). 
 
- Karnataka - Doddaballapur sub-division, Bangalore district (WENEXA II), 2004-08: 
This study on water & energy conservation and crop changes was carried out in the 
Doddaballapur sub-division (Feeder lines DF 12 and 13 service area) of Bangalore Electric 
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Supply Company (BESCOM)23, Karnataka, under the Water and Energy Nexus Project 
(WENEXA) project that supports USAID’s Strategic Objective of “Improved Access to 
Clean Energy and Water in Selected States” (USAID, 2006). 
Pertinent to our study, the team collected site-based data (on cropping, energy use, etc.24), 
and then focused on irrigation pump-set efficiency, shifts to less water intensive crops, efficient 
irrigation techniques and tillage practices (e.g. shifting from flood to drip irrigation)25, and the 
financing and management required to facilitate the adoption of these.  As the groundwater in 
this area was found to be over-exploited (with the average water depth declining from 214 to 
615 feet between 1971 and 2004), no further expansion of groundwater use was 
recommended.  Instead, shifting at least 53% of the net sown area irrigated through bore-
wells to drip irrigation, and growing crops that would yield the highest income while saving 
water and energy, were recommended.  Three options for financing efficient water-
application (through drip installations) were assessed: 1) Self-financing; 2) Financing through 
Women’s Self Help Groups; and 3) Financing through the utility under a performance 
contract with a Water/Energy Service Company in conjunction with a corresponding pump-
set replacement program.  The third was found to have the most advantages. 
 
- Tamil Nadu - 3 river basins (IDRC), 2006:  Surveys had been conducted regarding access 
to groundwater, costs of well-irrigation, impacts of water-level decline, etc.  Data was 
collected on 1,100 wells in 27 villages of the Vaigai river basin (in southern Tamil Nadu), 
and from 7,120 wells in 51 villages in the Palar basin.  With the progressive decline in the 
water table, farmers have resorted to the competitive deepening of wells.  This has resulted in 
increased costs of well irrigation and in a new inequity among the well-owners, and between 
well-owning and non-well-owning farmers.  The authors show how the degradation of the 
groundwater resource base through over-extraction contributes to inequity, conflicts, 
competition and, above all, to indebtedness and poverty (Janakarajan and Moench, 2006). 
 
- Conference on Water Security in India, (Columbia University), 2009: The Conference 
on Water Security in India, conducted at the Columbia Water Center aimed to create (i) need 
statements for specific technical estimation and scenario generation products, (ii) a White 
Paper on land-water-energy-agriculture issues in India with a focused assessment of the 
current situation that provides projections for water availability and its agro-economic 
impacts, and (iii) strategy documents for the development and testing of specific proposed 
mechanisms. 
The White Paper should also identify potential opportunities for public, private, and public-
private action at different levels to address the challenge—this would include potential 
reforms in government subsidies, directions for infrastructure development and management 
for surface and groundwater systems, ways to improve crop selection locally and regionally 
for higher income using fewer resources, and potential mechanisms for the private sector to 
positively impact agriculture and water resources.  The mechanisms would include: 
mechanisms for targeted crop selection to maximize income per water drop through 
cooperatives, contract farming or global/national market development; subsidy 
/incentive/crop procurement reform, especially targeted at electricity usage in groundwater 

                                                 
23 Karnataka’s electricity distribution was unbundled between the regional distribution companies 
BESCOM, HESCOM, GESCOM, and MESCOM in 2002. 
24 The Institute of Youth and Development conducted a household survey for water and energy use. 
25 The University of Agricultural Sciences, Bangalore recommended best practices (i.e. water and 
fertilizer use per acre) for each of the crops grown in the region and methods of energy and water 
conservation for irrigated agriculture. 
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acquisition; insurance at different levels of aggregation, farmer or product aggregator; and 
Infrastructure Development and Management. 
 
- Eastern UP – tube-well irrigation – private markets (IWMI-Tata), 1990s’- 2000s’: 
Studies of small farmers in eastern UP have indicated that private tube-well markets have 
brought better service to farmers there than for similar farmers in the neighbouring states 
(Bihar, W. Bengal, and Orissa).  Interviews with about 200 small farmers in the Gorakhpur, 
Maharajganj and Deoria districts of eastern Uttar Pradesh confirmed that with the emergence 
of the diesel-pump dealer, the procedure for obtaining a well (with the state subsidy) is much 
quicker and even cheaper than with the earlier departmental clearances26.  The cost of the 
pump is (8–10%) higher but this is a relatively small service fee to pay.  An estimated 
800,000 small diesel-pump-operated tube wells have been installed in eastern UP under the 
scheme, in two decades since 1985.  These wells irrigate an estimated 2.4–3.2 million 
hectares of their owners’ and water buyers’ lands, and provide the much-needed vertical 
drainage to the region (IWMI-Tata, 2002). 
 
- Nine states –Evaluation of REC’s Pump set Programme (TERI), 2004: While 
evaluating REC’s pump set programme in 9 states (Maharashtra, WB, Karnataka, AP, 
Rajasthan, UP, Punjab, TN, Gujarat), TERI has considered the extent to which REC's Pump-
set Energization programmes provide assured irrigation facilities to farmers.  Its 
recommendations for expansion and sustainability include creation of business development 
cells, formulation of nodal agencies consisting of groundwater-use stakeholders, 
prioritization of districts, including the selection of implementing agencies (such as the state 
utility in the case of “Sujalam Sufalam Yojana” in Gujarat), financing crop diversification and 
drip/sprinkler installation. 
 
- Costs of Un-served Energy (CUE), (TERI), Gujarat-2001, Karnataka-2006: The 
study27 estimated the cost of un-served energy (CUE) for agriculture in Karnataka, based on 
the estimated net production lost, as also the farmers’ willingness to pay (using contingent 
valuation methodology), based on responses from about 900 farmers in various parts of 
Karnataka during the period December ’98 – May ’99 (Bose, et al., 2006).  In the latter case, 
while farmers were willing to pay more per HP, the hours of supply demanded implied the 
same price per kWh (in ’99).  Likewise, a survey of 285 rural households from a random 
sample of electrified villages of different landholding groups had been used to estimate 
willingness to pay in Gujarat (Bose and Shukla, 2001).   
 
- Subsidised electricity prices with AP, Punjab data (IFPRI), 2007: Based on the 
increasing use of electricity and water by the agricultural sector in the states of AP and 

                                                 
26 Now, in eastern UP, an eligible small farmer provides his photograph and land documents to the 
dealer of the brand of diesel pump he prefers.  The dealer completes the entire process of getting 
approvals and clearances from the government departments involved and the bank.  The pump and 
pipes are issued to the farmer on the same day.  He is free to hire local rig operators to get his boring 
done, and within a week of applying, his tube well is commissioned.  Earlier, even with all the 
paperwork in order, the decision on his application under the Free Boring Scheme took about 11 
months, because of the clearances required from the relevant state Departments, the procedures with 
Departments, designated bank and dealers, and the fact that only the Minor Irrigation Department 
could drill the wells.  Further, the sum of “payments” could consumer 35-40% of the subsidy! 
27 TERI’s research project titled Cost of Un-served Energy, prepared in association with London 
Economics with financial support provided by the World Bank and Department for International 
Development, 2000 
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Punjab and the resulting burden of electricity subsidies, a study was conducted for the 
purpose of proposing alternative pricing methods for the sector.  Data on landholdings and 
household electricity use were taken from the 54th and 55th NSS rounds, and along with the 
elasticity estimates of earlier authors, used to estimate household price elasticities of demand. 
A strategy of price discrimination has been proposed, based on the size of the farmers’ plots 
and on the implementation of a common two part tariff mechanism.  Specifically, three types 
of consumers were identified: small (with = 1.8 ha), medium (with > 1.8 ha but = 3.64 ha), 
and large (> 3.64 ha).  The first price scheme was a simple two part payment schedule: 
expenditure of smallholders would not be affected as they would continue to receive the 
current subsidy at unchanged electricity use; medium and large holders would also be 
subsidized, but only up to the average used by smallholders; additional use would be charged 
at the marginal cost.  The second mechanism intended reducing (but not eliminating) the 
burden of the subsidy by cross subsidizing small holders with the revenues from large 
holders.  It considered a fixed rate under which a household received the same units of 
electricity as before, but consumption exceeding that was charged with a marginal cost for 
households using less than a specified amount, while those exceeding it would pay a still 
higher rate for the additional units.  Simulation of results indicated that Punjab would need 
higher rates than AP, for appropriate cross-subsidy, due to its land ownership being more 
skewed.  The third pricing mechanism had the objective of completely eliminating the 
subsidy burden.  Hence, not only were the variable parameters introduced as in the previous 
tariff schedule, but the fixed rate was raised, reducing the subsidy for the small holders 
(IFPRI, 2007a). 
 
- Fertilizer and electricity pricing policy reform (IFPRI), 2007: This study assesses the 
policies concerning two agricultural inputs: fertilizers and electricity for groundwater-based 
irrigation, focusing on the political feasibility of reform options. 
Their analysis of the range of policy options has the following conclusions.  Those options 
that are neither confronted with major political challenges nor budget constraints include 
decentralization and devolution of both groundwater management and electricity supply, 
monitoring of electricity quality by citizen groups, and the promotion of independent 
farmers’ cooperatives for the marketing of less water-intensive crops.  Reform options that 
are not confronted with major political resistance, but face possible budget constraints 
include the following: expansion of the High Voltage Distribution System to reduce to 
improve the quality of electricity supply and reduce power theft; expanding and improving 
surface water irrigation; intensifying research and extension on water-saving production 
techniques and less water-intensive crops; improving the marketing of less water-intensive 
crops; regulation of new bore wells; and promotion of energy-saving technologies.  Reform 
options that are confronted with major political challenges include, not surprisingly, the ones 
that have been tried without major success for the last decade: increase of the electricity price 
paid by farmers in combination with the introduction of metering; and the privatization of the 
power sector. 
They emphasize the use of research-based options such as specific research on issues for 
which empirical evidence is lacking, promoting debates, and establishing a repository of 
studies from where information can be more easily accessed. 
 
- West Bengal -farm survey, 2007: The author has studied West Bengal, where groundwater 
is easily available (i.e. through relatively shallow wells, as compared with many other 
regions).  Alternative institutional arrangements for water use from wells have been discussed 
based on surveys of two villages -- (a) kinship group-owned electric submersible pump-
operated wells in Dunipara village in Birbhum district, (b) private water market with price 
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regulation by panchayat samiti in Mohanpur village of Hugli district (Mukherji, 2007a).  The 
first case is not really relevant as it is only applicable to similar clusters of kinsfolk and others 
even in the same village are not helped.  The second method is applicable wherever the 
village-level decision-makers are powerful enough to impose their authority and enables 
small farmers to improve their cultivation at reasonable rates. 
The author also considers both major sources of energy for pumping groundwater, viz. 
electricity and diesel. While most have looked only at the ‘electricity-irrigation’ nexus, she 
considers the ‘diesel-irrigation nexus’ (Mukherji, 2007b).  The author has used primary field 
data from 40 villages in West Bengal, through a questionnaire administered in August – 
December 2004, to 294 well-owning (164 electric pumps and 130 diesel pumps) and 286 
water-buying (158 from electrically-operated pumps, 128 from diesel-operated pumps) 
households.  Diesel price increases reduced the sale of water for irrigation and thereby 
reduced the water-intensive but profitable summer paddy crop.  Since groundwater is 
plentiful in that region, irrigation can be encouraged through electric pumps.  With a flat-rate 
tariff, pump-owners would sell water willingly and the pump would be effectively used.  She 
thereby makes a case for rapid rural electrification and continuation of high flat-rate tariff, 
which would in turn support the development of groundwater markets (where owners would 
sell irrigation water facilities to small farmers) and thereby provide access to irrigation to the 
poor and marginal farmers. 
 
- Franchisee system of distribution (TERI), 2007: While utility-ESCo agreements have not 
taken off, the franchisee model for improvement of service in rural areas has been established 
in several parts of the country, as part of the Rajiv Gandhi Grameen Vidyutikaran Yojana 
(RGGVY) complete electrification effort.  Essentially, a distribution transformer (that is 
installed and maintained by the utility) is assigned to each franchisee.  The electricity 
supplied through it (at a charge per unit) has to be paid for by the franchisee who has the 
tasks of metering, billing, collecting payments from all the consumers, and serving new 
consumers in that area.  Pertinent to our study is that agricultural consumers are also metered 
and billed, with progressive reductions in the tariff rate for installation of ISI-marked pumps, 
PVC piping and appropriate shunt capacitors.  This study was based on franchisee systems in 
the districts of Nagaon (Assam), Gulbarga (Karnataka), and Damoh (Madhya Pradesh) 
(TERI, 2007). 
 
- Diesel price increases on farming (IWMI), 2007: Responses regarding the three most 
important effects of the diesel price rise on farming were obtained in a survey of 15 villages.  
The villages were located as follows: Assam -1, WB – 2, Orissa – 2, MP – 2, Bihar – 1, UP – 
2, Haryana – 1, Punjab – 1, Rajasthan – 1, Gujarat – 1, Maharashtra -1.  These impacts of the 
diesel price rise included: shifts to other crops, reduction of irrigation of the same crops, 
concentrating irrigation on high-value cash crops, turning to electric pumps, if possible, 
running diesel-pumps on kerosene, and shifting away from farming to non-farm livelihood 
(or temporarily leasing out farm lands).  The author’s responses to what could be done in the 
short term to counter the energy squeeze include: Promoting fuel-efficient diesel/kerosene 
pumps of the Chinese variety; making PDS kerosene allocation to poor farmers for pumps (as 
in Kerala); providing subsidised diesel to farmers, as is done for trawler-operating fisher folk 
in some states; improving manual irrigation technologies; and better management of surface 
water bodies for gravity flow irrigation; helping marginal farmers own pumps, saving them 
from the monopoly rents contained in the prevailing pump irrigation prices.  In the longer 
term, electricity supply to agriculture would have to be improved, at least with a specified 
number of hours of 3-phase full voltage supply. 
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- Gujarat state: Jyotigram meeting agricultural needs through Power Supply 
management, 2008-09: The Gujarat government invested in separating agricultural feeders 
from non-agricultural feeders throughout the state.  In this system, villages get 24 hours/day 
three-phase supply for non-agricultural consumers (metered and paid for at specified tariffs), 
while agricultural-wells get eight hours/day scheduled supply, alternately during the day and 
the night, and expected to be at full voltage.  Fixed annual payments (Rs 850/HP/year) rather 
than per kWh charges continue to be imposed, except in the case of new connections, but 
here too, the unit tariff is highly subsidised (Rs 0.5/kWh, or Rs 0.7/kWh for tatkal 
connections).  The efficiency of the pump-sets has not been considered (except implicitly in 
the case of the metered connections).  The authors, based on their own assessments and that 
of other studies, have drawn the conclusions that while Jyotigram has helped the non-
agricultural categories of users, and most farmers who own wells, the marginal farmers are 
worse off.  This is because they were earlier purchasing pumped water from wealthier 
farmers who could run their pump-sets for even 18-20 hours/day on single-phase supply, 
using capacitors.  With the reduced hours of supply, water sharing has been reduced. 
However, the situation could be improved with hours of supply adjusted seasonally to suit the 
farming calendar (instead of the fixed 8 or 8.5 hours/day), thereby continuing to permit 
shared access to irrigation (Shah and Verma, 2008; Shah et al., 2009).  During the past two 
years, other states are following this model – for example, Punjab has fully separated farm 
from non-farm feeders, Andhra Pradesh has done this in many districts, Nirantara Jyoti is in 
progress in Karnataka.  However, the Gujarat system provides rationed power supply to 
agricultural users, but at 430-440 V, and on a strict schedule, with few interruptions. 
 
 
4. Case study conclusions 
 
 It would be useful to assess what could be learnt from the numerous studies described.  
From within this compilation, there were independent evaluations (based on sample surveys) 
only for the REC-sponsored projects in six states during the 1980s’ (CIRE, 2005), and the 
Nalgonda (AP) project during 1998-2000 (3EC, 2005).  These evaluations were conducted 
several years after the specific project activities were ended, and while all reported improved 
energy-efficiency, it is not clear if the improvement was based on estimation or metering.  In 
cases where the project team itself assessed the results, for example, the WENEXA pilot 
project (2006-08) and the IEI project (2009-10), both in Karnataka, a few cases of pump 
failure were reported during and immediately after project completion.  However, we have 
not been able to locate any study on the deterioration of pump set performance, over time. 
 

From the experiences reported by the implementers and monitoring agencies and, in 
some cases, personal communication, factors that affect implementation have been elicited.  
These factors are being categorised as: (1) Operational, (2) Technical, (3) Financial, (4) 
Training, maintenance, and monitoring (5) Integrative, (6) Location-specific, and (7) 
Institutional. 
 
4.1 Operational factors: 
 
- Farmers’ co-operation: Farmers have to perceive the pump set replacement programme 
favourably from the onset itself, as this determines their willingness to be co-operate.   At 
times, despite pre-programme interaction, there have been difficulties, for example, at the 
Doddaballapur project, Karnataka, even installing meters took several months to complete 
(Box 2, MoP-GoI and USAID, 2009). 
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- State-run schemes perceived to be entitlements: As with “free” electricity for agricultural 
pumping, improved pumping systems are, at times, perceived to be state-provided and 
therefore an entitlement.  If such is the perception, farmers’ demands are difficult to meet and 
project operation is hampered.  For example, due to the project’s pump-replacement 
commitment, at the Nalgonda district (AP) project, farmers demanded repairs on the same 
day (although it normally took 3-4 days for rewinding a 3- phase motor on their own).  
Further even with 18 hours/day supply (as against the assured 9 hours) they were still non-co-
operative (3EC, 2005).  This adversely affected the operation of the programme. 
- Unauthorised connections and/or connected load: There are numerous farmers with 
unauthorized connections in most parts of the country.  When such pumps have to be 
replaced, problems invariably occur, because of the need to “regularise” such connections.  
APTRANSCO had agreed to regularize such connections at a fee, but farmers expected to 
also get new pumps free (3EC, 2005).  At times, because tariffs are collected per HP, people 
are tempted to change the name plate details to show lower HP rating (Subramanyam, NPC).  
Some farmers then object to replacement of their existing pump-sets as per their contract-
load, because they had been operating higher rated pump sets (3EC, 2005). 
- Need-based decisions: In contrast, the farmers’ urgent need for meeting their crop 
requirements within the limited power supply period and/or the desire for new and better 
pumps, at a discount (GEDA, 2010) have spurred them to even pay a part of the price, as seen 
in price-sharing programmes in Gujarat (Patel and Pandey, 1993, GEDA, 2010) and Haryana 
(HAREDA, 2009). 
- Implementation procedures: As with any implementation programme, procedures can 
facilitate or hamper efficiency-improvement implementation for example, obtaining the 
subsidies/loans for micro-irrigation systems can be cumbersome (DTE, 2003; IEI, 2010).  
However, even in such cases, the mediation of agents/retailers can reduce waiting periods, as 
with drip systems in Karnataka (IEI, 2010), or diesel pumps in Eastern UP (IWMI-Tata, 
2002; Shah, 2007). 
- Replacement rather than addition: It is preferable that the existing pump sets are removed 
from the location after the installation of the efficient pumps, to prevent their continuing in 
use in the region and thereby negating the energy conservation. 
 
4.2 Technical factors: 
 
- Pump sizing: Pump efficiency would obviously improve with better selection & design, and 
likewise, motor efficiency (Sant and Dixit, 1995; Development First, 2003).  However, these 
have to be dealt with on a case-by-case basis. 
- Low-cost improvements with relatively simple interventions: Ensuring that the required 
system components and accessories are provided would contribute to the programmes’ 
results, for example, new starters should have been provided at the KBL pump-replacement 
project in western MP (KBL, 2004).  As found in the recent study in AP, relatively easy 
measures (“obvious low hanging fruit”) such as installing capacitors on pump-sets, reducing 
the length of LT service wires and proper location of LT poles -- within the existing free 
power policy framework -- can contribute positively (Rama Mohan and Sreekumar, 2010).   
- Major system improvement: Poor quality of supply – low end-of-line voltage, fluctuations, 
etc – has led to motor burn-outs even at small-scale experiments (3EC, 2005; Oza, 2007; IEI, 
2010).  In some cases, equal loading on all three phases of the power transformers at the sub-
station has been difficult to achieve.  Power supply duration could not be controlled / 
segregated easily, since both the lighting and agricultural loads were on the same feeder 
(3EC, 2005).  It has been suggested that bringing high voltage till the distribution 
transformers (DT)s would bring about much-needed improvements: technical losses 
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(attributable to high LT current on the network) would be reduced, commercial losses (i.e. 
pilferage) from accessible LT lines would be avoided, high peak power losses due to 
unauthorised loads would be reduced, end-of-the-line voltage would be ensured (that in turn 
prevents transformer and pump failure) and unreliability of supply, consequent upon over-
loading of LT lines would be reduced (NPCL, 2004; Chari, 2006).  Installing high voltage 
distribution systems (HVDS) involves high initial investment; however, a case study (NPCL, 
2004) indicated that the capital outlay could be recovered in 2.75 years, through the reduction 
in technical (transmission and distribution line) losses and pilferage28. 
- Regulated/reliable supply: As was noted (Dinesh Kumar, 2003), reliability of energy (and 
thereby water) supply is important for productivity, for example, sharecroppers achieve 
higher returns than insecure water-buyers, because the former know their water quota and can 
“budget” their water-use accordingly whereas the latter are at the mercy of the sellers.  
Hence, net return from crop production is less elastic to the cost of irrigation than to its 
reliability.  Such a reliable solution (recommended by the International Water Management 
Institute for several years) involves (a) rationing farm power supply to fit irrigation demand 
(through rostering schedules), (b) providing this limited supply on a fixed, pre-announced 
schedule, and (c) overcoming farmer resistance by providing this limited supply at full 
voltage and without interruptions (Shah and Verma, 2008; Shah et al., 2009). 
 
4.3 Financial factors: 
 
– Conservation justifying investment: While the idea of financing pump-set improvements 
through the value of energy saving was considered several years ago29, programmes have 
been implemented in Gujarat (GEDA, 2010) and Haryana (HAREDA, 2009; DHBVNL, 
2008), in which the cost of improved pumps has been shared by those benefiting – the utility 
and the farmers. 
- Energy/water Service Companies: When options for financing efficient water-application 
were assessed (USAID, 2006), financing through the utility under a performance contract 
with a Water/Energy Service Company was found to have the most advantages.  Currently a 
programme involving pump replacement and system improvement is being financed jointly 
by the utility and an ESCo in Doddaballapur, Karnataka (MoP & USAID, 2009a &b).  (The 
responsibilities of the utility, the ESCo, and all those involved are indicated in Box 2).  The 
costs are supposed to be recovered from the value30 of electricity saving, being shared as per 
the proportions in their agreement. 
- Farmers’ contribution compulsory: Some financial contribution from all parties involved 
should be included; hence, even the farmers should pay some - even a small - proportion of 
the costs (KBL, 2004; IEI, 2010). 
- Agricultural electricity subsidies should be linked with efficiency: As agricultural energy 
subsidies do not reach the poorest, i.e. those with no land or with no well (IEI, 2010; Howes 
& Murgai, 2003), they need to be justified in terms of agricultural productivity and therefore 
efficiency.  For example, in the rural franchisee model recently implemented (TERI, 2007) 31, 
agricultural consumers are also metered and billed, but with progressive reductions in the 
tariff rate for installation of ISI-marked pumps, PVC piping and appropriate shunt capacitors. 

                                                 
28 The cost of electricity was taken to be Rs 2.73/kWh. 
29 A study for Karnataka in used this principle (Reddy and D’Sa, 1993).  
30  This would vary with the region, as the financial value of electricity conserved would vary with the 
supply-demand position of the region and the time-of-the-day saving. 
31 This study was based on franchisee systems in the districts of Nagaon (Assam), Gulbarga 
(Karnataka), and Damoh (Madhya Pradesh) 



 
 

  Antonette D’Sa, 
IEI-Asia 

45 

- Linkage with water conservation: When linked with water conservation through micro-
irrigation (discussed further in Section 4.5), the costs of improved pumping efficiency can be 
recovered through the value of improved crop output -- more crops per year, higher yields per 
acre, and the possibility of growing better-than-subsistence crops (IEI, 2010).  This would 
enable farmers to pay annual/bi-annual instalments from revenue earned, towards the costs of 
improved irrigation systems. 
 
4.4 Training, maintenance and monitoring: 
 
- Training for correct operation: Training in the correct use of the newly-installed equipment 
is essential, or else mistakes occur resulting in the need for repairs and additional 
expenditure32 (IEI, 2010).  Motors manufacturers are not liable to replace damaged motors 
even within the guarantee period, if failures occur due to variation of system parameters; this 
causes further problems (3EC, 2005). 
- Local repair network and availability of spares: Adequate local maintenance support is 
required, including qualified mechanics and appropriate spare parts and accessories.  Training 
of mechanics is necessary, for many learn “on-the-job” and inadvertently commit errors.  
Further, as observed at the AP-Nalgonda project (3EC, 2005), local mechanics created 
problems as their livelihood was adversely affected by the farmers’ refusing to engage them 
during the warranty period, and farmers were apprehensive about replacement / rectification 
of burnt out motors after the guarantee period. 
- Other maintenance issues: Several other seemingly minor issues can turn out to be serious.  
For example, in the case of deep wells, pump removal can be very difficult33; this hinders 
repairs/replacement (IEI, 2010). 
- Monitoring: While monitoring energy use and conservation through actual 
metering/measurement is obviously essential, most of the projects reviewed have not had 
independent monitoring.  At the REC-sponsored projects conducted during the 1980s’, 
sample monitoring was undertaken and results verified; at the DFID-sponsored AP-Nalgonda 
project details regarding implementation and operation were also checked.  These have 
helped in eliciting the other factors required for successful implementation. 
 
4.5 Integrative issues: 
 
- Energy conservation linked to water conservation: It has been estimated that every one 
metre reduction in the average depth from which farmers pump groundwater saves the 
country 1.365 billion kWh of electricity34 at generating stations.  Obviously, groundwater 
conservation needs to be addressed along with energy conservation.  As researchers (Shah et 
al., 2003, Shah et al., 2008; Scott and Sharma, 2009) have noted, co-ordinated energy and 
water management represents the most effective set of policy options to allow for sustainable 
use of groundwater, equitable access to water, improved rural livelihoods, and reversal of 
power utility fortunes.  Integrated management of resources would therefore appear to be the 
most preferable. 
- Integration for programme implementation and financing: When assessing the options for 
financing efficient water-application too, financing through the utility in conjunction with a 
                                                 
32 For example, the change-over switch (from 3-phase to single-phase and back) was incorrectly used 
and a motor was burnt. 
33 In such cases, piping of RPVC rather than HDPE has to be used. 
34 This is based on the assumption that with average pump efficiency of 40% and T&D losses of 25% 
in delivering generated electricity to rural pump sets, it takes 0.0091 kWh (Shah, 2009) to lift a m3 of 
water to a dynamic head of 1 m; 150km3 of groundwater is used for irrigation annually. 
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corresponding pump-set replacement programme was found advantageous (USAID, 2006).  
Even those who were not paying per kWh for electricity use were willing to pay a component 
of the new pump cost because of the water shortage and the need for obtaining water 
efficiently (GEDA, 2010). 
- Water/energy conservation impacts: The broader impacts such as avoided CO2 emissions 
and GHG impacts have been estimated (Shah, 2009; Development First, 2003).  Hence 
investments towards reduction of impacts can help in grass-root level efficiency 
improvement. 
- Sharing and community participation: Sharing of groundwater sources has proved to be 
efficient both in terms of resource use and crop productivity, in several case studies (for e.g., 
D. Kumar, 2003; IEI, 2010).  This involves sharing both the water and the pump facility of 
the well (with either joint-ownership, or the owners “selling” pumped water to sharecroppers 
or limited buyers).  In such cases, although tariffs per HP do not encourage efficient use of 
irrigation pumps, the systems of sharing/bartering/selling pumped water lead to more 
effective use of each pump-set.  On a larger scale, village/community management of 
groundwater re-charge and conservation structures has reduced energy requirements for 
pumping (for e.g., Shah et al., 2009; Oza, 2007). 
- Groundwater stressed areas: In already over-exploited groundwater regions, integration of 
water and energy management is not only recommended but essential.  This would involve 
efficient pumping systems as well as water conservation through efficient application and 
managed aquifers.  Water conservation on vast arable lands, run-off harvesting and its 
efficient and economic utilization through efficient irrigation practices are also vital.  
However, both for “stressed” (overexploited, critical and semi-critical) and “safe” areas, 
integration of energy and water conservation through efficient pumping and application 
systems would be beneficial.  States have rules regarding the boring of deep wells, but only 
the implementation of controls on both drilling for and pumping out water would be effective 
in the long-term. 
 
4.6 Location-specific issues: 
 
- Geographical differences: In groundwater-safe areas, for example the eastern Gangetic 
areas, groundwater extraction can be encouraged.  If public investment focused on improving 
and expanding the power grid, it would enable farmers to increase irrigation and thereby 
cropping and income, both through their own investment and arrangements for 
sharing/selling water (IWMI-Tata, 2002).  On the contrary, water conservation and harvesting 
are essential when considering irrigation in several parts of western and peninsular India35.  
Instead of further groundwater exploitation, conservation through the restoration of 
traditional tanks/reservoirs that are still viable, as well as new groundwater-recharge efforts 
are recommended.  Hence a region-specific approach to energy and water use is required. 
-  Farmers’ perception varying in different regions of the country: Implementing agricultural 
energy-pricing policies also varies between different regions of the country, as a result of 
farmers’ perceptions (Mukherji, 2006)36; these are important for project implementation. 
                                                 
35 In Rajasthan, most districts are over-exploited already, per capita water availability during 2001 was 
840 m3 and it is expected to be only 439 m3 by the year 2050 (Narain, et al., 2005).  In the 
Doddaballapur sub-division (in Karnataka), the average depth at which groundwater was accessible 
increased from 214 to 615 feet between 1971 and 2004 (USAID, 2006). 
36 The author found that in West Bengal, although there was no pressing groundwater crisis, the state 
government was able to successfully implement groundwater regulations along with a drastic increase 
in electricity tariff, without any form of visible farmer protest, though these measures negatively 
affected farmer incomes. On the other hand, in Gujarat, where there was a grave groundwater crisis, 
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4.7 Institutional factors: 
 
- Involvement of all those concerned: The distribution utilities, grass-root-level organizations 
(local NGOs, village co-operatives, SHGs, etc.) and the farmers themselves, at the local level, 
as well as the regulatory agencies at the state-level need to be involved for the successful 
implementation of large-scale programmes.  In order to solve problems, there should be 
“thinking through together” (Rama Mohan and Sreekumar, 2010). 
- Intermediaries: At times, agents from the retailers have been very helpful, whether for 
diesel pump installation in Eastern UP (Shah, 2007) or for drip systems in some regions of 
Karnataka (IEI, 2010).  These can quicken the process of obtaining irrigation facilities. 

                                                                                                                                                        
the state had neither been able to implement strict groundwater regulations, nor to increase electricity 
tariff substantially. 
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 Box 1: Extract from the report on the utility-ESCo model, DRUM Beats, Vol. V, April 2009 
(MoP-GoI and USAID, 2009a) 
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Box 2: Extract from the report on the BESCOM-ESCo project in Karnataka, DRUM Beats, Vol. 
VI, July 2009 (MoP-GoI and USAID, 2009b) 
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