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v

This work deals with the very timely theme of enhancing energy efficiency in irri-
gation, exemplified by a pilot project in the state of Andhra Pradesh in India.

Notwithstanding its declining contribution to the national gross domestic prod-
uct, a natural corollary to the development process, the agricultural sector in India 
is still crucial to the all-round development of the nation. The sector currently 
employs nearly half of the population and has a critical role to play in the attain-
ment of the national goals of increasing food security and reducing rural poverty. 
The temporal growth pattern of the Indian economy in the last decades bears out 
the direct and significant relationship to the state of agriculture today.

In the last fifty years, Indian agriculture has made tremendous progress, initi-
ated by what is commonly known as the Green Revolution. Food production rose 
from 82 million tons in 1960–1961 to an estimated 263.2 million tons in 2013–
2014. The Green Revolution was primarily characterized by employment of a 
package of practices—seeds, fertilizer, irrigation, and plant protection measures—
to be supported by strong institutions. Irrigation occupied a pivotal role among 
these mainsprings of production growth, enabling the cultivation of two or more 
crops per year from the same piece of land. Due to huge investments in irriga-
tion, the irrigated area in India now exceeds 63 million hectares, the largest of any 
country in the world.

However, the Indian irrigation system is highly inefficient. According to 
the Agricultural Outlook 2014–2023, jointly published by the United Nations 
Organization for Economic Co-operation and Development and the Food and 
Agriculture Organization (OECD-FAO), “India has one of the world’s largest irri-
gation systems but it also faces high levels of inefficiency, particularly for those 
relying on surface water sources, the efficiency for which is estimated at 35–40 
%, as opposed to ground sources, whose efficiency is estimated at 65–75 %. More 
serious is the problem of groundwater depletion, which is viewed to be in crisis 
as a result of excess extraction, due in part to the lack of regulated use and power 
subsidies which lower extraction costs”.

The use of electrically powered irrigation pumpsets in India is increasing at a 
brisk pace of about half a million per year. More than 19.17 million pumpsets had 

Foreword



Forewordvi

been installed in India by the end of November 2014, with the figures for 1999 
and 2009 being 12 million and 16 million, respectively. With increasing use of 
pumpsets, energy consumption for irrigation has also increased rapidly, growing 
at a compound rate of about 7 % between 2006 and 2012. India imports nearly a 
third of its total energy needs, with the government’s Twelfth Plan estimating that 
it would need to import 29 % of its energy by 2016–2017, increasing to 31 % by 
2021–2022, thereby putting heavy pressure on the national balance of payments. 
Oil subsidies put an additional burden—amounting to 0.8–1.1 % of the national 
gross domestic product in Fiscal Year 2013–2014—on the national exchequer.

Thanks to factors like abominable infrastructure, weak institutions, poor plan-
ning and implementation of projects, introduction of agricultural measures with-
out adequately involving farmers, inappropriate equipment, and high subsidies, 
energy use in Indian agriculture is utterly suboptimal today. The average efficiency 
of pumpsets is estimated to be barely 30–35 %. However, through achievement of 
a stable electricity supply and more efficient pumping, the input of electricity for 
five-horsepower pumpsets could be reduced by up to 40 %.

The recent decline in global oil prices has somewhat eased the pressure on 
energy import costs for India, yet there is no room for complacency, and the 
necessity of enhancing efficiency in the use of energy and irrigation water is even 
greater, especially when climatic consequences are also taken into account.

This SpringerBrief seeks to make a valuable contribution in this direction 
through presenting the methods and results for a pilot project conducted in the 
Indian state of Andhra Pradesh. The design of the project is conspicuous by its 
incorporation and examination of the relationships between social, institutional, 
and technical variables. In observing that some social problems encountered dur-
ing the project would not have occurred if certain technical problems had been 
absent and that these technical problems were able to be absorbed with proper 
social implementation, the necessity of intense and long-term relationships among 
various stakeholders for enhancing energy efficiency is highlighted. This rein-
forces the significance of one of the hitherto well-known but rather less-appreci-
ated ingredients for the success of a development project: all stakeholders must 
be active participants throughout all of its phases and must also be made to feel 
involved in it.

Though the findings presented here relate to the state of Andhra Pradesh in 
India, the lessons have wider relevance. Farmers do not want cheap, subsidized, 
or free energy which is unreliable. They rather prefer to pay more for a timely, 
trustworthy, and stable energy supply. This would be a win–win situation for all 
stakeholders involved.

Berlin  Prof. Ramesh C. Agrawal
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Preface

In 2008, the German Ministry of Education and Research launched the Future 
Megacities program, the aim of which was to identify scope for improvement in 
energy efficiency and climate change mitigation and adaptation strategies for rap-
idly growing megacities expected to reach a population size of ten million inhabit-
ants within the next five years. Hyderabad, the capital of India’s fifth largest state 
Andhra Pradesh,1 was selected as one of these cities, with Humboldt-Universität 
zu Berlin, together with German and Indian partners, leading the project there. 
One focus, which became the theme of this SpringerBrief, was dedicated to chal-
lenges facing the power sector in Andhra Pradesh. As the agricultural electricity 
sector in Andhra Pradesh consumes about 30 % of total end-use in the state, it 
ends up playing a critical role for the urban electrical energy supply there. 
Consequently, the project consortium initiated a research agenda exploring possi-
bilities for increasing energy efficiency in agriculture. Based on the findings from 
extensive field research, a pilot project was developed, the aim of which was, first, 
to understand existing agricultural electrical energy supply problems directly, from 
practice, and, second, to provide low-cost solutions which can be implemented 
independently of external funding. The relationship between social, institutional, 
and technical factors played a key role in the design of the project. Within the pilot 
project, about 800 shunt capacitors were installed to agricultural pumpsets used 
for irrigation in areas of rural Andhra Pradesh. Thirty farmer committees were 
formed, consisting of all farmers who participated in the project. The results were 
positive overall. Technically, an improvement of the power factor, an indicator of 
power supply quality, by about 16 % was measured, and field observations 
revealed an increased interest of farmers in the technology as well as regarding 
other aspects of irrigation and electricity. However, it was also realized that a nar-
rowly technical approach can easily lead to failure, and intensive work with farm-
ers is, in the end, a strong prerequisite for successful implementation. In practical 

1On 2 June 2014, Andhra Pradesh was divided into two states, Andhra Pradesh and Telangana. 
As the pilot project ended in 2013, we will only consider the former state Andhra Pradesh in the 
SpringerBrief.
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terms, severe problems with the capacitors occurred just after installation due to 
various reasons, including faulty maintenance and high-voltage fluctuations within 
the power system. This turn of events tested the robustness of the project in terms 
of social trust in the face of technical failures. It turned out that in villages, where 
the hold of the project was not strong, the project failed. Yet, in other villages, 
where more trust-building work had taken place, replacement of the failed equip-
ment led to increased confidence among the farmers. All things considered, signif-
icant improvements can be achieved from upscaling the project. Assuming that all 
major electrically operated agricultural pumpset motors in Andhra Pradesh were to 
be equipped with a capacitor, overall energy savings could amount to 1,337 GWh 
per year, which would be equivalent to 1,216,623 tons of carbon dioxide equiva-
lents emissions.

This SpringerBrief provides a comprehensive overview of the above-outlined 
project, including detailed description and analysis of how it was carried out. 
Background information on the power sector in India and Andhra Pradesh is also 
given, focussing on the special case of agricultural electricity supply and discuss-
ing strategies to improve it.

Project Background

The pilot project described here—Implementing Cooperative and Technical 
Solutions to Increase Energy Efficiency in Irrigation—was part of a research pro-
ject on sustainable development in future megacities called Climate and Energy 
in a Complex Transition Process towards Sustainable Hyderabad: Mitigation and 
Adaptation Strategies by Changing Institutions, Governance Structures, Lifestyles 
and Consumption Patterns (hereafter, Sustainable Hyderabad). The Sustainable 
Hyderabad project was financed by the German Federal Ministry of Education 
and Research and consisted of the following German and Indian research institu-
tions as its main partners: Humboldt-Universität zu Berlin; the Potsdam Institute 
for Climate Impact Research; Georg-August-Universität Göttingen; the nexus 
Institute for Cooperation Management and Interdisciplinary Research; and 
PTV Traffic Mobility Logistics AG, from the German side, and The Energy and 
Resources Institute, Delhi; Centre for Economic and Social Studies, Hyderabad; 
Osmania University, Hyderabad; International Crops Research Institute for the 
Semi-Arid-Tropics; and the National Institute of Technology, Warangal, from 
the Indian side. Additionally, each partner worked together with local bodies in 
Hyderabad, including ministries, governmental organizations, NGOs, other 
research institutes, and private consultants.

The Sustainable Hyderabad project’s time frame ran between November 2008 
and June 2013, focussed on different aspects of sustainable city development, 
including energy, water, transportation, food, health, and pollution. These top-
ics were subgrouped into work packages and handled by the respective partners, 
each conducting their research from 2009 to 2011, including surveys, case studies, 
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expert interviews, and theoretical calculations. The results of this initial work were 
used to initiate eight pilot projects from 2011 onwards, three of them in the energy 
sector. The Sustainable Hyderabad project came to an end in June 2013, issuing a 
Perspective Action Plan giving policy recommendations towards a more sustain-
able Hyderabad. A detailed description of the Sustainable Hyderabad project and 
additional information are available at www.sustainable-hyderabad.de.

Structure and Intention

This SpringerBrief outlines relevant aspects of the pilot project Implementing 
Cooperative and Technical Solutions to Increase Energy Efficiency in Irrigation in 
order to provide a basis for further discussion and implementation of such inter-
ventions. The overall aim of the project was to identify solutions for partly solv-
ing agricultural energy and water problems in Andhra Pradesh. The Sustainable 
Hyderabad project’s research is focused on climate change adaptation and mitiga-
tion strategies, which the initiatives undertaken in the pilot project used as a pri-
mary guideline for implementation.

Here, the structure of this SpringerBrief will be summarized so as to guide 
readers on how best to read and understand it according to their interests. The 
SpringerBrief is divided into two main parts. Part I: Background deals with top-
ics that are necessary for understanding the rationale of the pilot project, while 
also providing relevant information for readers who are not interested in the pilot 
project itself but want to acquire an understanding of topical issues in agricultural 
power supply, including solution strategies. Part II: Pilot Project presumes famili-
arity with the contents of Part I and explains the pilot project in detail. Readers 
who are already familiar with agricultural electrical energy supply in India, how-
ever, can start there directly.

Looking in more detail at the contents of this SpringerBrief, the first chapter 
introduces some basic concepts of power supply in India and briefly explains the 
persisting dilemma of low electrical energy quality for agriculture there. Chapter 2 
provides information on the development of the power sector in particular Andhra 
Pradesh and India more generally, summarizing its current status with an emphasis 
on agricultural power supply and discussing the implications for farmers and other 
stakeholders of its flat-rate electricity tariff. Chapter 3 discusses strategies that can 
help reduce the power supply problem in this context. Section 3.1 summarizes 
recently completed and ongoing projects that have sought to improve the power 
supply for agricultural use in India. The Bureau for Energy Efficiency has, for 
example, initiated several large-scale projects which involve replacement of agri-
cultural motors and initiation of high-voltage distribution systems. Apart from this, 
there have been smaller projects initiated by NGOs or universities trying to focus 
on farmers’ involvement in managing power distribution. One example is the Lok 
Satta project, which established transformer committees for farmers in Andhra 
Pradesh. Section 3.2 discusses available options for improving farmers’ supply 

http://www.sustainable-hyderabad.de
http://dx.doi.org/10.1007/978-3-319-22515-9_2
http://dx.doi.org/10.1007/978-3-319-22515-9_3
http://dx.doi.org/10.1007/978-3-319-22515-9_3
http://dx.doi.org/10.1007/978-3-319-22515-9_3
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situation, distinguishing between low- and high-cost solutions as well examining 
the interrelations between technical solutions and institutional requirements. We 
thereby draw a line between projects that aim to replace inefficient equipment, for 
example agricultural pumpsets, and projects that aim to improve the system with 
minor, but affordable technologies, even for farmers. Smaller solutions are more 
interlinked with the current institutional set-up than larger solutions and related 
technological changes, and a holistic approach demands the incorporation of tech-
nical and institutional solutions. Chapter 4 introduces some technical background 
information, explaining the Indian system of generation, transmission and distri-
bution as well as the pumpsets, motors and capacitors in agricultural power sup-
ply there. This is important for gaining an understanding of some of the technical 
specifics that were part of the whole project’s rationale. It is not necessary to be 
an electrical engineer to understand this chapter, as it is aimed to provide simple 
explanations reduced to the necessary facts and results. Readers who are aware of 
these basics can, however, skip the chapter.

Chapter 5 introduces Part II. Chapter 6 is perhaps the most important chapter 
in the entire document, as it gives an overview of all relevant topics required to 
understand the pilot project. First, the partners comprising the project team and the 
region where the project took place are introduced. Then, the stakeholders’ aims, 
rationale, and technical and social approaches employed are explained and dis-
cussed. The technical and social approaches are discussed separately, though the 
project worked under the assumption that only a combination of both approaches 
could lead to project success. Chapter 7 summarizes the different steps in the 
project in chronological order, split into three phases: preparation and planning, 
implementation, and evaluation. The preparation and planning phase was used for 
undertaking intensive research in the project region in order to develop the  overall 
concept and to select the technology, specific electrical feeders, and  farming 
 villages for the intervention. After having set up a detailed project plan, the imple-
mentation phase was initiated. This phase included awareness-raising meetings 
for farmers, installation of capacitors, and the establishing of farmer committees; 
we report on the conducting of this phase and discuss problems that arose dur-
ing it. The evaluation phase primarily consisted of the measurement of technical 
 parameters and was already initiated during the implementation phase. Different 
evaluation methods are compared, and the main hurdles encountered during evalua-
tion are discussed here. The results of the evaluation are then discussed in Chap. 8,  
where we present the key performance indicators of the capacitors and use the 
resulting data for a marginal abatement cost analysis to compare the cost-effective-
ness of the chosen solution in terms of carbon dioxide emissions with other avail-
able technologies, such as efficient motors and solar water pumpsets. Apart from 
the technical results, we briefly discuss some observations from the field, includ-
ing what did and did not work. Finally, based on the results, Chap. 9 discusses the 
upscaling potential of the project, distinguishing between regional and technical 
upscaling and providing some ideas for a business model.

Finally, the last chapter summarizes the project and provides an outlook for fur-
ther projects and research.

http://dx.doi.org/10.1007/978-3-319-22515-9_4
http://dx.doi.org/10.1007/978-3-319-22515-9_5
http://dx.doi.org/10.1007/978-3-319-22515-9_6
http://dx.doi.org/10.1007/978-3-319-22515-9_7
http://dx.doi.org/10.1007/978-3-319-22515-9_8
http://dx.doi.org/10.1007/978-3-319-22515-9_9
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Work for the pilot project was complemented by several masters’ and doctoral 
degree research investigations, some of the results of which have already been 
published in international journals and books. Throughout the text, the reader will 
find boxes summarizing some results of this research.

Relevance of this SpringerBrief to Other Areas and Contexts

In many countries, dependence on groundwater irrigation for agriculture is grow-
ing, while water and energy resources are becoming scarcer. Reasons for these 
tendencies are manifold and, in the context of climate change, irrigation is often 
considered as an adaptation measure, enabling farmers to be more independ-
ent of extreme heat waves, periods of no rain, and unpredictable weather events. 
But irrigation comes at the cost of increased usage of ground or canal water and 
energy resources, which are often not abundantly available either. Conditional on 
the institutional setting, energy in the form of diesel or electricity are the main 
inputs to power irrigation pumpsets. In Andhra Pradesh, one of the largest Indian 
states and the subject of this pilot project, groundwater irrigation is highly sup-
ported by local institutions, most obviously through the decade-old “free power 
to farmers” policy. As explained later in this SpringerBrief, such policies have 
created several dilemma situations or low-level equilibrium traps, where farmers, 
distribution companies, and the state as the cost bearer suffer from poor-quality 
electrical energy supply, high maintenance costs, and subsidy payments, respec-
tively (Kimmich 2013). However, despite the very unique institutional situation, 
the problems farmers face in Andhra Pradesh are not very different to other states 
in India and many other agrarian countries. In particular in countries of the Global 
South, lack of financial capabilities, such as credits for suitable irrigation infra-
structure, and social conflicts arising through the common pool resource charac-
teristics of irrigation, similar problems as those in Andhra Pradesh, are observable. 
Researchers from various disciplines—including economics, the social sciences, 
and engineering—have conducted extensive research, providing a large range of 
possible solutions, including less resource-intensive technologies, incentive-based 
mechanisms, and collective action initiatives.

The concepts applied in the pilot project focussed on here have been adapted to 
the special conditions in Andhra Pradesh, yet many of its implications are gener-
ally valid. One main feature of the project was the formation of farmer commit-
tees to solve problems collectively. As the actions of farmers are interdependent, 
the behaviour of one farmer has effects on the outcomes of neighbouring ones. 
In our case, the unit of dependency was the distribution transformer, providing 
electrical energy to many farmers. Consequently, through inappropriate usage or 
over-pumping of water, one farmer can adversely affect the outcomes of others 
who are connected to the same transformer. Hence, we sought to find out whether 
managing groundwater pumping as a group could help towards overcoming such 
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problems. During the pilot project, it became evident that farmers were able to col-
lectively manage their distribution transformers and subsequent distribution sys-
tems in ways that are likely applicable to a variety of other contexts, even beyond 
agriculture and irrigation, as many kinds of development projects can be supported 
by collective action approaches. The key lessons learned from this project are, 
thus, not context-specific but rather valid everywhere where resources have pub-
lic good characteristics. The pilot project itself relied on general results regarding 
collective action derived from various studies and experiments (see for example 
Ostrom 1990, 2005; Ostrom et al. 1994), thus benefitting from and then contribut-
ing towards further development of this field of inquiry.

The pilot project was focused on increasing energy efficiency. A simple tech-
nology, so-called shunt capacitors, was selected and installed into agricultural 
motors. The reasons for choosing capacitors instead of a broad range of other, 
perhaps more effective, solutions can be found in the specific conditions of agri-
cultural power supply in Andhra Pradesh. In other areas, different technologies 
may suit the existing conditions better. Still, some important insights from using 
this particular technology may be valid for more general contexts, in that the pro-
ject demonstrates the difficulties that can arise when introducing a new technol-
ogy. Initial reluctance of stakeholders, lack of trust, and problems that arose due to 
technology failure are issues of a general nature, and the lessons learned from this 
project can be regarded as a guide to other projects aimed at working at the grass-
roots level on implementation of technological solutions.

The research community may also benefit from the pilot project’s results. 
Although observations from applied projects sometimes lack scientific rig-
our, insights relevant to the behavioural sciences and the disciplinary interface 
between the natural and social sciences can be drawn from them. During the dif-
ferent phases of the project, complementary research was also being conducted, 
the results of which have provided insights regarding common behavioural pat-
terns. For example, a framed field experiment was conducted with farmers, the 
aim of which was to better understand why cooperation sometimes fails, even if it 
promises better outcomes for all farmers. The research results from these investi-
gations are currently being prepared for publication or are already published. This 
SpringerBrief provides an overview of the research conducted within the project 
and its main results.

To conclude, one thing has become obvious to those involved in the project: 
Projects aimed at enhancing development through new technologies need to seri-
ously take into consideration the social dimensions of technological change and 
adaptation. This SpringerBrief seeks to demonstrate the validity of this assumption 
with reference to the pilot project’s environment but with the intention of offering 
insights that may be relevant for many other contexts. The authors hope that read-
ers can learn from the successes and failures of this project and use its findings to 
better design their own future projects.
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Abstract This chapter introduces the contents of Part I of this SpringerBrief 
and highlights the vicious circle of agricultural power supply problems in India. 
The chapter starts with an introduction to the power sector in India, and Andhra 
Pradesh in particular, discussing its major challenges. Then, a brief overview of 
the agricultural power supply situation is given, followed by a short description 
of possible remedies to the currently existing low-equilibrium trap of low-quality 
power supply for irrigation.

Keywords India · Power sector · Agricultural power supply · Andhra Pradesh ·  
Irrigation

A healthy power sector is often regarded as a key requirement for economic 
growth and foreign direct investment. Full electrification can act as a powerful 
tool for improving the livelihoods of the poor and a means to hinder rural–urban 
migration. India’s power sector is one of the largest in the world and, over the last 
twenty years, has gone through major reform processes. In Andhra Pradesh, such 
reforms were initiated in 1991 as a response to a financial crisis at that time, dur-
ing which the Andhra Pradesh State Electricity Board, the state-owned electricity 
provider, was running losses of about 1 % of the state’s gross domestic product 
(GDP). In 2003, the Electricity Act was released by the Government of India, 
which provided guidelines for the way forward in the power sector, especially the 
promotion of renewable energies and a tariff system based on costs (Ministry of 
Law and Justice 2003; Ranganathan 2004). Additionally, the Ministry of Power 
established the Bureau of Energy Efficiency and respective state nodal agencies 
in 2002. In 2008, the Government of India released the National Action Plan for 
Climate Change, including the National Mission for Enhanced Energy Efficiency. 
Still, not all of the measures laid out there have materialised, and a large propor-
tion of the country’s consumers continue to face tremendous problems with their 
power supply. The least-resilient consumers are the rural population and farmers, 
with an electrical energy consumption of more than 30 % of the Andhra Pradesh 

Chapter 1
Introduction
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4 1 Introduction

total. The poor conditions of the transmission and distribution grid there fre-
quently lead to high rates of motor burnout in agricultural pumpsets. Unbranded 
and locally manufactured pumpsets, in combination with unqualified repairs, 
decrease energy efficiency and further deteriorate overall power quality (Kimmich 
2013).

It is widely understood that power supply for agriculture in India plays an 
important role in current political debates. Agriculture is still considered to form 
India’s economic backbone, generating incomes for about 70 % of the population 
and contributing to key political aims such as food security. Consequently, politi-
cians continuously promise farmers favourable policies to gain votes (Shah 2009). 
Since 2004, farmers in Andhra Pradesh have received power on a flat-rate basis, 
leading to a situation where incentives to invest in better equipment are distorted, 
for both farmers and utilities, as farmers overuse the infrastructure and utilities 
reduce their investments in it. This phenomenon can be described as a vicious cir-
cle of deteriorating power quality, leading to losses for utilities and reduced farm 
output (Kimmich 2013). Taking this logic further, adverse effects with regard to 
food security, groundwater overuse, and urban migration are becoming obvious. 
Manifold strategies promoted by various stakeholders have been developed to 
overcome this vicious circle, but the reality seems to remain unchanged.

Part I (from this chapter to Chap. 4) of this SpringerBrief outlines the main 
concepts of the power sector in Andhra Pradesh and India, provides an overview 
of its history and current status, and explains the situation of farmers in the context 
of their increased dependence on groundwater for irrigation and, hence, their need 
for a more reliable power supply.

In order to fully understand the situation of agricultural power supply in India, 
and Andhra Pradesh in particular, it is important to examine the development of 
the power sector since independence and the reasons behind the still-ongoing 
reform processes. Until the early 1990s, the power sector was completely gov-
ernment-controlled. Each state operated through a State Electricity Board that 
was responsible for generation, transmission and distribution. For several rea-
sons, most State Electricity Boards became financially unhealthy already in the 
1950s and were not capable of providing sufficient power in terms of either qual-
ity or quantity (Tongia 2007). Triggered by the Green Revolution in the 1960s, 
electric groundwater pumping became popular (Shah 2009). Since then, the State 
Electricity Boards have been increasingly burdened by excess power demand from 
farmers and, as tariffs have not been cost-covering, unable to maintain sufficient 
investment in infrastructure. As a consequence, power quality decreased over time, 
which has led to the vicious circle described above. Even now, in most states in 
India revenues from agricultural power supply are marginal or even negative, and 
utilities are not capable of providing sufficient infrastructure. This historical devel-
opment is explained in more detail in Chap. 2.

To understand why it has been so difficult to escape the vicious circle, one 
needs to investigate previous attempts to break it. Most important have been gov-
ernment interventions. In 2006, the Bureau of Energy Efficiency defined standards 

http://dx.doi.org/10.1007/978-3-319-22515-9_4
http://dx.doi.org/10.1007/978-3-319-22515-9_2
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for pumpsets1 and initiated several demand side management (DSM) programs, 
and state governments undertook efforts to improve the electric infrastructure in 
rural areas by, for example, introducing high voltage distribution systems, which 
reduce line losses and impede theft. Foreign donors like the United States Agency 
for International Development (USAID) started projects to train utility staff or to 
introduce new energy-efficient technologies (USAID 2011). Although many pro-
jects have achieved noticeable improvements, the overall goal of sufficient power 
for agriculture has not been attained. Neither, in many cases, no upscaling has 
taken place. Chapter 3 reviews these projects and then lists and discusses selected 
technical intervention options, including high voltage distribution system and 
small-scale technologies such as capacitors or energy-efficient pumpsets. It is 
important to distinguish between high-cost and low-cost interventions. High-cost 
interventions need to be initiated from above, meaning by the state government, 
and have to be implemented on larger scales. Meanwhile, low-cost interventions 
can be carried out on smaller scales, and farmers are able to participate in both 
their design and implementation. One advantage of the former is that no interac-
tion with a local population is required and local conditions do not influence out-
comes very much. However, there are interventions that can only be realised with 
farmer participation. Examples include learning the correct usage of pumpsets or 
implementing less water-intensive cropping patterns. The merits and demerits of 
high- and low-cost interventions are discussed in Sect. 3.2.

Finally, in order to understand the scope of the problem in India, one needs to 
grasp the interrelations between technical solutions and institutional requirements. 
Institutional approaches inherently require behavioural change. For example, train-
ing sessions with farmers can create greater awareness of water scarcity, which 
may, in turn, lead to more water preservation through adoption of other irrigation 
methods. In many cases, technical solutions only work when their institutional 
requirements are incorporated into the whole concept of change. The implications 
of this connection between institutions and technical solutions are discussed in the 
last part of Chap. 3. Chapter 4, meanwhile, complements the preceding chapters 
by explaining relevant technical details of the stages of the electricity process—
from generation through distribution—as well the functioning of pumpsets, motors 
and capacitors.
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Abstract In this chapter, we discuss the power supply situation in India and 
Andhra Pradesh, beginning with a brief historical outline and then describing the 
current state and structure of the power sector, including its main challenges. We 
focus on agricultural power supply, exemplifying its major issues and discussing 
the existing low-equilibrium trap of power quality.

Keywords Power sector · South asia · Agricultural power supply · Irrigation ·  
Low-equilibrium trap

2.1  History of the Indian Power Sector

Since independence in 1947, the power sector in India has been virtually con-
trolled by the Government of India, which created State Electricity Boards that 
were responsible for the complete supply chain of power, including generation, 
transmission, and distribution. The reasons for this centralisation, based on social-
ist ideology, included no-monopoly instincts (profits were reinvested, fair-labour 
policy, no mark-up prices), economics of scale, control over price structure and the 
interconnection of State Electricity Boards to enhance system reliability (Tongia 
2007). However, the State Electricity Boards turned out to be unprofitable and 
inefficient and, thus, required high subsidies from the Government of India and 
state governments to survive. The major reform process started in 1991 with a new 
government and an upcoming fiscal crisis. By then, the state deficit had reached 
11 % of national GDP and, in order to maintain a growth rate of 8 %, high infra-
structural investments were required, especially in the power sector.1 It had 
become clear that there was hardly any scope for the Government of India to 
invest sufficient amounts by itself. Therefore, with help from the World Bank, it 
started to open the power sector to private and foreign investment. This, however, 

1A general rule, which the Government of India was aware of, states that for a 1 % increase of 
economic growth a 1.5 % growth rate in the power sector is needed.
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did not mean the introduction of a competitive market. Rather, private investors 
faced restrictions but were guaranteed a 16 % rate of return, risk reduction and 
other benefits provided by the Government of India (Pani et al. 2007). Yet, many 
of the pursued investors stayed away at that time, and the projects that had been 
established often failed or led to even higher losses than the State Electricity 
Boards had before them. In the end, the private investment strategy turned out to 
be very expensive for the Government of India.

During the mid-1990s, the Government of India introduced further structural 
reforms (second stage of reform process), allowing the states to independently 
restructure their power sectors. State Electricity Regulation Commissions (SERCs) 
with a high degree of autonomy and responsibility (e.g., to set tariffs, resolve dis-
putes, and monitor quality) were established, and the states started to unbundle 
their State Electricity Boards.2 Andhra Pradesh, in the early 1990s unbundled with 
hardly any privatisation and is currently considered to be one of the leading states 
in terms of power generation and distribution (Sreekumar et al. 2007).

The third stage of the reform process was concerned with coordination and 
consolidation. The Government of India published the Electricity Act 2003 and 
established incentives for good performance, including ranking of states, com-
petition among them, and rewards for the most efficient ones (Ministry of Law 
and Justice 2003; Ranganathan 2004). Another focus was directed towards the 
public with, for example, media campaigns like “power for all” being introduced. 
Additionally, the SERCs were asked to introduce full metering and to make sure 
their subsidies were paid back in time. Efficiency was also a target of the act. The 
Government of India had already established the Bureau of Energy Efficiency in 
2002 and introduced new standards for efficiency. Further, private investors were 
encouraged to invest in a variety of sectors (Swain 2007).

But there has been strong opposition to such reforms, because power is 
regarded as a social good and many experts have feared that further privatisation 
would lead to higher electricity prices and limited access to energy for rural popu-
lations. In 2000, around 57 %, or 399 million, of the rural households and 12 % 
(84 million) of the urban households in India did not have access to electricity. 
By 2011, these numbers had decreased to 33 % for rural households and 6 % for 
urban households. In total, however, there were still 306 million Indians without 
access to electricity (World Energy Outlook 2013).

2.2  Structure of the Power Sector in India

Power is mainly generated by state-owned generation corporations (GENCOs) and 
few private companies. In Andhra Pradesh, for example, private generation con-
tributes to 18 % of total production (Sreekumar et al. 2007).

2In this context, unbundling means that each stage of generation, transmission and distribution is 
carried out by a separate, independent company.
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Transmission is provided by state-owned transmission corporations 
(TRANSCOs) on a high-tension basis to substations or directly to large electricity 
consumers such as the cement industry (Fig. 2.1).

At the substations, distribution companies, which are also state-owned in many 
states, take over, reduce the tension and distribute the electrical energy to distribu-
tion transformers (DTR), which finally forward it to consumers. In some states, 
private companies are allowed to conduct the final distribution. In Andhra Pradesh, 
this is not yet possible, but in some areas of Andhra Pradesh co-operative societies 

Fig. 2.1  The structure of the power sector in India

2.2 Structure of the Power Sector in India
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that are responsible for final distribution and maintenance have been established 
(DRUM-Distribution Reform and Management 2006).

The major energy source that has been used up to now is coal (Fig. 2.2), which 
is abundant in India.3

Recently, a focus has been put on gas, as additional sources have been into 
view, and many private investors used gas, as generation facilities using it can be 
established very quickly. Renewable energy is being pushed by the Government of 
India (see Box 1) but still plays a minor role.

A large share of consumption comes from agricultural and industrial customers 
(Fig. 2.3). Noteworthy is that, despite investments into infrastructure, transmission 
and distribution losses account for up to 40 % of total generation, at least in some 
states.

The Government of India has paid roughly 250 billion Indian Rupees (INR) per 
year, that is about 1 % of GDP, for the losses of the now unbundled State 
Electricity Boards, with the direct subsidies alone adding up to 100 billion INR 
(Tongia 2007). Tariffs4 are fixed and discriminate across consumers as a cross sub-
sidy: private households and agricultural users pay less, sometimes nothing, and 
industrial and commercial users pay more. This is often regarded as a major 
source of end-use inefficiency. When industrial and commercial units face high 
tariffs, they tend to switch to captive power, which is more reliable but also more 
costly than power from the grid, leading to decreased competiveness (Ghosh and 

3In many cases, domestic coal is of low quality—containing a high percentage of ash—and 
located in remote areas, which makes transport expensive, meaning that one needs more coal for 
“one unit of energy”. This has led some companies to import coal.
4In India, a tariff refers to the price for electricity per kilowatt-hour, whereas in the United States 
electricity rates is the usual term.

Fig. 2.2  Installed generation capacity excluding renewables in India by source, 1970–2007. 
Source Adapted from CMIE (2008)
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Kathuria 2014). Meanwhile, farmers, who often get power for free, use highly 
energy-inefficient assets for irrigation (TARU Leading Edge 2001). The next sec-
tion discusses in detail the implications of providing free power supply to farmers.

First, however, we need to underline the main problem in the power sector: a 
continuous power-supply shortage. TRANSCOs and distribution companies are 
not able to supply at the normal voltage level (440 V for three-phase supply), 
which results in low-quality supply in the form of unscheduled power cuts, load 
shedding, fluctuating voltage and erratic frequency. Additionally, the low voltage 
levels lead to large technical losses and make power theft easier.

The problems of the Indian power sector can be summarised as follows:

•	 supply shortage, leading to power cuts and low-quality electricity;
•	 unsustainable and market-distorting cross subsidies;
•	 large-scale theft and non-payment of bills;
•	 inefficient and overstaffed utilities, suffering from a high degree of corruption;
•	 rural villages without access to energy services; and
•	 an incentive-distorting tariff system that cannot cover costs.

In the following chapters, the discussion will be reduced to the agricultural sector. 
However, it should become obvious how these problems interrelate with agricul-
tural power supply. Solving agricultural power problems will immediately relieve 
the other sectors.

Fig. 2.3  Electric energy use in India by sector, 1970–2007. Source Adapted from CMIE (2008)

2.2 Structure of the Power Sector in India
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Box 1: Efforts to Expand Solar Energy in India

This box is adapted from Sagebiel et al. (2013)
In the Government of India’s efforts towards resolving the power-sup-

ply problems, the Jawaharlal Nehru National Solar Mission (JNNSM) was 
initiated in 2010 under India’s National Action Plan on Climate Change, 
aimed at increasing solar photovoltaic (PV) power generation in the coun-
try to 22 GW annually by 2022. As part of this process, rural areas are to 
be equipped with nearly 2 GW of off-grid installations. Under the Remote 
Village Electrification programme of the Ministry of New and Renewable 
Energy, 20 million square kilometres of land shall be used for solar PV 
collectors and 20 million solar lighting systems distributed to rural house-
holds. Apart from this, the JNNSM is geared towards facilitating research 
and development, increasing human capital in the field of PV and expan-
sion of the solar-power manufacturing industry. One main strain on support, 
however, is financing. The installation of off-grid solar power is directly and 
indirectly subsidized through the National Bank for Agriculture and Rural 
Development (Sairam 2012). Off-grid solar systems with a capacity of less 
than 100 W peak and mini grids with less than 250 W peak receive a 30 % 
capital subsidy plus a subsidized loan. Harish and Raghavan (2011) criticise 
this approach, as it is discriminative in favour of smaller systems, whereas 
the relative costs of solar PV lighting systems decrease with increasing size. 
Gambhir et al. (2010) note that, although electrification of rural areas with-
out grid connection is mentioned as a priority of the JNNSM, only 7 % of 
the subsidies were spent on off-grid solutions. Assessments of the first phase 
of the programme showed that the number of on-grid projects had increased 
significantly faster than rural off-grid projects. However, by 2012, about 
500,000 small lighting systems and 700,000 solar lanterns had been distrib-
uted and 1100 MW of on-grid capacity had been installed.

Other governmental programs directly and indirectly facilitated the 
extension of solar PV power. Unbundling and privatization was one major 
prerequisite. The Electricity Act 2003 (Ministry of Law and Justice 2003) 
allowed decentralized power generation. Reforms in 2010 introduced renew-
able energy certificates and renewable power purchase obligations bind own-
ers of transmission licenses to purchase 5 % of total power from renewable 
sources. Further, feed-in tariffs, which were introduced in most Indian states 
make investing in solar PV power attractive for the private sector.

2.3  The Vicious Circle of Agricultural Power Supply

As explained above, the reasons for the low quality of agricultural power supply 
can be found in the political economy of the Indian agricultural sector. Agriculture 
plays a crucial role in India’s domestic economy, as about 70 % of the population 
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generate their income from agricultural activities (Kimmich 2013a). The sector 
also fosters food security, and many industries, such as cotton, depend on inputs 
from it. As a consequence, Indian politics has put a great emphasis on agricultural 
development. Since the beginning of increased use of electricity for water pump-
ing in the 1960s, the power sector has played a key role in agricultural policies. 
Farmers have demanded free power supply and, in many cases, received it, sub-
sidised by the state governments. The rationale here has been that power supply 
is a fundamental requirement for modern irrigation, which is the main driver for 
increasing agricultural outputs. Kimmich (2010) identified three factors that have 
enabled the subsidising of agricultural power provision in Andhra Pradesh. First, 
the increased availability of tube-well technology for groundwater-based irriga-
tion; second, the existing power infrastructure, the regulation of which has allowed 
political influence to be exerted by the incumbent party; and third, a form of inter-
party competition that has led to a political contest for votes, with subsidies being 
a key campaigning issue.

The agricultural power subsidisation policy has enabled more secure food pro-
vision and also prevented food-price inflation. Yet, it has not only been economi-
cally inefficient overall but also triggered financial difficulties that led to a major 
change in the governance of power infrastructure in the 1990s. Possibilities for 
increasing groundwater availability and energy-efficient allocation for its pump-
ing are inseparably linked within the power-irrigation nexus, and analysis of the 
political economy of the situation suggests that policy change can be most likely 
induced at the level of power distribution (Kimmich 2013a).

Taking these general conditions as given, the story of the vicious circle of low 
power quality can be explained more specifically as follows: flat rate power supply 
to agriculture has led to the use of inefficient pumpsets and excessive water pump-
ing. In the majority of cases, capacitors or motor protection equipment are not 
being used, which further increases voltage fluctuations, resulting in a low power 
factor. Voltage fluctuations exist even at the substation level, and three-phase volt-
age is heavily imbalanced. The overuse of groundwater and power usually forces 
regulators to reduce power supply to off-peak hours. Often, power is supplied in 
two phases per day: one in the morning hours and one at night. The night phase 
has led farmers to use automatic starters. When current is switched on, most 
pumpsets thus start automatically and simultaneously, resulting in a heavy initial 
load that burdens the overall infrastructure.

Altogether, these dynamics have led to frequent motor and DTR burnouts and, 
in consequence, to increasing costs for farmers and utilities. In response, farm-
ers have tended to use even less efficient, yet fluctuation-resistant, pumpsets, as 
financial incentives to implement DSM for improving energy efficiency are absent. 
Inefficient pumpsets reduce overall power quality, increasing pumpset and DTR 
damages, following which farmers and utilities face high repair costs (Tongia 
2007). In fact, farmers often pay for DTR repairs themselves, even though they are 
owned by the utilities (Fig. 2.4).

Adoption of some DSMs—such as provision of standard-approved, ISI-
marked, pumpsets with energy-efficient motors or capacitors—could reduce 

2.3 The Vicious Circle of Agricultural Power Supply
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equipment damage and energy consumption. If implemented, such measures 
could help farmers and utilities to save on repairs and, due to increased energy 
efficiency, fiscal expenditures on subsidies could be reduced, contributing to the 
viability of agriculture and benefitting utilities as well as the overall economy 
through reduced fiscal burdens. Kimmich (2013b) has provided an overview of the 
share of adopted DSMs by farmers in four districts in Andhra Pradesh, including 
ISI-marked and BEE-rated pumpsets and capacitors (Table 2.1). Box 2 explains 
in detail why, although advantageous for all stakeholders, such DSMs have hardly 
been implemented in India thus far.

Fig. 2.4  Farmers collectively repairing their DTR. Source Christian Kimmich

Table 2.1  Summary statistics for selected survey variables

Source Adapted from Kimmich (2013b)

Variable Mean Standard deviation Median Min Max

Branded pumpset (1 = yes) 0.67 0 1

ISI-marked pumpset (1 = yes) 0.37 0 1

BEE-rated pumpset (1 = yes) 0.06 0 1

Capacitor successfully installed 
(1 = yes)

0.10 0 1

Motor burnouts per year 1.86 1.64 2 0 12

Costs for motor repair (INR) 2693 1513 2500 200 8500

Age of the pumpset (years) 7.21 5.94 5 0 30

DTR burnouts per year 1.02 1.04 0.70 0 7

Costs for DTR repair (INR) 621 870 400 0 8000
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Box 2: The Core Action Situation: A Coordination Problem

This box is adapted from Kimmich (2013b, c)
Substations, covering several villages and distribution transformers 

(DTR), transform power to the 11 kV level. Depending on a DTR’s capac-
ity, between five and 25 pumpsets can be connected, each of which can 
negatively affect power quality. Exclusion of low-standard pumpsets is, 
however, difficult. Power quality, or lack thereof, spreads within the electric 
power distribution grid, affecting all users, as the decision of one farmer to 
use a low-quality pumpset affects all other pumpsets connected to the same 
DTR. Meanwhile, if all farmers choose to install low-quality pumpsets, 
the utilization of a standard-approved pumpset by only one farmer cannot 
improve power quality. Yet, if all farmers were to install a standard-approved 
pumpset, repair costs would be drastically reduced and all farmers bet-
ter off. The use of a capacitor to balance out voltage fluctuations is subject 
to a similar coordination problem. Furthermore, if only one farmer uses a 
capacitor, equipment damages may often even increase, as “the equipment 
installed to increase […] productivity is also often the equipment that suffers 
the most from common power disruptions. And the equipment is sometimes 
the source of additional power quality problems” (Dugan 2003, p. 2).

Unlike in a dilemma situation, however, no farmer will have an incen-
tive to deviate from a better equilibrium, once reached, as standard-approved 
pumpsets and capacitors will tend to reduce equipment damages and 
improve pumping efficiency. A simplified bi-matrix model of the coordina-
tion problem at stake here highlights the two equilibria (i.e., Nash equilibria 
in pure strategies), marked with an asterisk. The equal payoff for the strategy 
not to invest ~I, and the loss incurred by the one not coordinating, makes 
this model type an assurance problem (Fig. 2.5).

Econometric analysis of this coordination problem reveals that, under 
the given conditions, the rational strategy is not to adopt any Demand Side 

The political discussion on subsidised power for farmers is still ongoing and 
highly controversial. As Shah pointed out, “[t]he only link between the state and 
the millions of pump irrigators is electricity supply, over which the state has con-
trol” (Shah 2009, p. 142). It has also been suggested that institutional changes 
in regulation (Dubash and Rao 2008), together with physical innovations (Shah 
2009) and pilot projects (Mohan and Sreekumar 2010), may enable efficient and 
equitable outcomes. The next chapter summarises some of the attempts that have 
been made and discusses different strategies regarding how to escape the vicious 
circle.

2.3 The Vicious Circle of Agricultural Power Supply
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Measure solution. This is the low equilibrium of the underlying coordination 
problem, predicting no adoption at all. Yet, despite their negative impact on 
the frequency of equipment damage, a small share of the surveyed farmers 
has adopted Demand Side Measures, partly due to the legal order to make 
the use of them compulsory and related campaigns and partial enforcement 
when capacitors were distributed by the government.

Interviews conducted with farmers in Andhra Pradesh in 2010 indicate 
that only a few of them seem to understand how the Indian electricity system 
works as a whole. Thus, the interdependence of their decisions, especially in 
terms of their choosing to use non-standard pumpsets or not and the poten-
tially positive outcomes that could result from simultaneous investment, do 
not appear to be conceivable for them.
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Abstract There have been various attempts, mostly put into practice through 
projects, to break the vicious circle of problems in Indian agricultural electrical 
energy supply. Such projects may be initiated by state governments, foreign devel-
opment agencies, or are community driven. Projects with high budgets have often 
focused on large-scale technical interventions, where participation of local stake-
holders is not required. In contrast, projects with low budgets have often involved 
local stakeholders and yielded low-cost technical solutions that can be imple-
mented by farmers. In this chapter, we review recent and ongoing projects and dis-
cuss different implementation strategies.

Keywords India · Agricultural development · Irrigation technology · Agricultural  
projects · Research and development projects

3.1  Recent and Ongoing Projects in India

There are various approaches to and solution concepts regarding how to improve 
overall power quality in Indian agriculture. In the following, we review examples 
from four categories, including (1) public and state-level projects, usually driven 
by specific agencies, departments and ministries; (2) foreign-development coop-
eration projects; (3) research projects with a project-development component; and, 
finally, (4) community-driven approaches. Emphasis will be put on community-
driven projects, as these follow an approach that is closest to the pilot project dis-
cussed in Part II of this SpringerBrief.

Chapter 3
Strategies and Existing Projects
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3.1.1  Public and State-Level Projects

With its Agricultural Demand Side Management (Ag-DSM)1 program, the Bureau 
of Energy Efficiency supports large-scale projects substituting old motors and 
pumpsets for new ones as well as investing in high voltage distribution systems. 
Further, Ag-DSM aims to find sustainable financial models, including private-pub-
lic partnerships, for example through Energy Service Companies. In total Ag-
DSM initiated 11 projects in different states covering a total of 20,000 pumpsets 
(Bureau of Energy Efficiency 2010). The first project took place in Solapur, in the 
State of Maharashtra, where about 2200 pumpsets were replaced with more effi-
cient ones (Bureau of Energy Efficiency 2009). Based on the experience of these 
projects the Bureau of Energy Efficiency now expects that energy consumption 
can be reduced by nearly 40 % throughout India if all existing pumpsets are 
replaced by more efficient ones (Singh Saini 2013).

Projects are also being initiated by the state governments or agencies of the 
Government of India. In East Godavari District in Andhra Pradesh, the New and 
Renewable Energy Development Cooperation of Andhra Pradesh, a nodal agency 
of the Bureau of Energy Efficiency, initiated a project in 2009 for replacing DTRs 
with high voltage distribution systems. In total, nearly 200,000 pumpsets were 
covered (Planning Department 2013). In Gujarat, under the Jyoti Gram scheme, 
a project was launched to separate agricultural from rural-household feeders, a 
measure that was adopted as a precondition for stabilisation of rural supply (Shah 
et al. 2008). Also, over the last couple of years, the Ministry of Power has initiated 
several rural electrification programmes intended to positively affect agricultural 
power supply.

The Andhra Pradesh Electricity Regulatory Commission realised the impor-
tance of DSM in the late 1990s. The transmission and distribution compa-
nies committed themselves to distributing capacitors for agricultural pumpsets: 
“To improve the power factor, it must be made compulsory for the farmers 
to use capacitors with the pumpsets” (Andhra Pradesh Electricity Regulatory 
Commission 2000, p. 79), but they also realised that capacitors have been “the 
biggest techno-operational problem encountered in the power sector especially 
in Andhra Pradesh” (Andhra Pradesh Electricity Regulatory Commission 2006, 
p. 74). During a public hearing, a farmers’ association was quoted saying that 
“though capacitors are purchased by the farmers, the licensees are reluctant to 
fix them, citing shortages in staff to do this work” (Andhra Pradesh Electricity 
Regulatory Commission 2010, p. 40). In recent surveys and discussions conducted 
by the authors, farmers continuously criticised the program for various reasons, 
including failure of capacitors, limited support from the distribution companies, 
and low-quality products.

1http://bee-dsm.in/.

http://bee-dsm.in/
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3.1.2  Foreign Development Cooperation Projects

Foreign organisations, including the German Agency for Development 
Cooperation (Gesellschaft für Internationale Zusammenarbeit, GIZ), the German 
Development Bank (Kreditanstalt für Wiederaufbau, KfW) and USAID, have ini-
tiated several approaches intending to improve power supply in India, including 
agricultural supply.

USAID launched one of the largest of such efforts, the Distribution Reform, 
Upgrades and Management (DRUM) project, where about 25,000 engineers, man-
agers and technicians from distribution companies were trained in technical con-
cepts, management and project development, with a timeframe from 2004 to 2011 
(USAID 2005, 2011). To follow up on the DRUM project, USAID initiated the 
Water and Energy Nexus Activity (WENEXA) project. Here, it was recognised 
that agricultural electricity improvements cannot be fully achieved without taking 
a closer look at the water sector and the interactions between energy and water. 
Within WENEXA, a number of pilot projects were initiated, including the installa-
tion of capacitor banks, replacement of motors and pumpsets and introduction of 
high voltage distribution systems. Meanwhile, GIZ has initiated various rural elec-
trification projects, including solar photovoltaic systems and biomass power 
plants. KfW, on the other hand, focuses on financing large-scale projects through 
Indian governmental institutions, especially the National Bank for Agricultural 
and Rural Development, and financially supports investments in high voltage dis-
tribution systems.2

3.1.3  Research and Development Projects

More recently, projects have been linked to and designed on the basis of research 
from universities or research institutes, seeking to fulfil the overall goal of gener-
ating knowledge which can be used in further projects so as to make them more 
effective. Formally, the pilot project can be placed into this category.

The International Water Management Institute (IWMI), located at the inter-
face between research and development projects, as a member research institute 
of the Consultative Group on International Agricultural Research (CGIAR), is 
working towards a solution for providing fixed amounts of energy on a metered 
basis. Such pre-paid metering could still be bundled with subsidisation, thus facil-
itating acceptance among farmers, while creating incentives to save power. It is 
hoped that this approach could simultaneously tackle the problem of groundwater 
overexploitation.

2An overview of GIZ and KfW projects can be found at http://www.giz.de/en/worldwide 
/368.html and https://www.kfw.de/International-financing/, respectively.

3.1 Recent and Ongoing Projects in India

http://www.giz.de/en/worldwide/368.html
http://www.giz.de/en/worldwide/368.html
https://www.kfw.de/International-financing/
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The Columbia Water Center, associated with Columbia University in New York 
City, launched a project in Gujarat in 2011 to create incentives for farmers to save 
water and, hence, power (Narula et al. 2011; Columbia Water Center 2013). The 
idea had been to provide financial benefits to farmers who reduce water and energy 
consumption. Together with the local utility and the state government of Gujarat, 
about 800 farmers were interviewed and asked to participate in the program. The 
farmers were provided with a fixed energy meter for their respective pumpsets. 
Those who reduced their consumption compared to a baseline from the interviews 
received monetary benefits, depending on the amount of reduction. Additionally, 
farmers were able to take advantage of various water-saving approaches, including 
trainings for better irrigation techniques and crop diversification strategies.

3.1.4  Community-Driven Projects

Other approaches have also been tried out, intending to improve power supply 
from the consumer side. The following presents three of them.

Village Committees: The XIMB Projects
The Xavier Institute for Management of Bhubaneswar (XIMB) found a lack of 
concern on the part of distribution companies in rural areas, as electrification is 
considered to be unprofitable for them due to fixed tariffs from the regulator, lead-
ing to a high burden for rural consumers, including billing on a load-factor basis 
instead of metering, low-quality supply, continuous power cuts and weak service 
provision from the utility (Mohanty 2002). The distribution companies had reg-
ularly ignored demands for improvement. At the same time, the consumers had 
not been united and were suffering from low bargaining power, with a commonly 
observed reaction being non-payment of bills and power theft.

A preliminary study conducted by XIMB revealed an immense distrust between 
distribution companies and customers (Mohanty 2002). The major finding of the 
study was that consumer action was “urgently required” for reading meters, under-
standing their bills and detecting theft.

In order to improve the situation, XIMB acted as an external facilitator, set-
ting up 100 pilot projects in Orissa, India. Here XIMB established village com-
mittees, which were responsible for reading meters, collection of bills, dealing 
with complaints from customers, making decisions about new connections and 
disconnections as well as handling installation agreements (Dash 2006). In each 
participating village, a contact person was elected and made responsible for com-
munication with the utility. The committees were given formal status, and monthly 
meetings with the utility were held.

According to XIMB, most of the pilot projects proved to be successful. Power 
supply and metering improved, bills were paid regularly, theft was reduced and 
service delivery improved. However, when the supplier did not act cooperatively 
or members of a village committee had obviously vested interests, improvements 
were low. By now, XIMB has extended its program to 4900 villages.
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Micro-Privatisation
Swain (2007) combined the XIMB approach with a concept of micro-privatisation, 
where consumers would cooperate with the distribution companies via franchis-
ing. The idea was to put a small private company between the large supplier and 
the consumer in order to improve communication and enhance trust and coopera-
tion. Swain argued that this model has the “potential to solve major problems in 
the sector like accessibility, mismanagement, theft, loss, and lack of transparency 
and accountability while providing choice for the users” (Swain 2007, p. 5). The 
XIMB projects often faced problems due to the unwillingness of the distribution 
companies to cooperate and, due to the high-costs of power supply and a subsi-
dised tariff structure set by the regulator that did not cover costs, the incentives for 
higher-quality supply were low.

In Swain’s scheme, the franchisee could serve as a hub and, being privatised, 
compete with other franchisees. Swain put an emphasis on competition and pri-
vatisation, with franchisees providing retail competition, which would then be 
expected to lead to higher-quality supply and cooperation with the local village 
committees. It is important within this approach that the franchisee acts under a 
distribution license rather than as an agent for the supplier. Swain also claimed 
that the user committees could form co-operatives, introduce capacity building and 
gradually take over a franchisee’s license. He stated that the participation of users 
“can generate a collective preference for the service at the local level, reducing 
differences among individual users” (p. 21). This should then strengthen the bar-
gaining power of consumers and, thus, might lead to improvements in quality and 
efficiency.

A Franchisee Approach: Lok Satta
Lok Satta is a political movement and party in Andhra Pradesh which has set up 
the Consumer Organisation for Regulation of Electricity (CORE), a part of the 
Consumer Advisory Committee of the Andhra Pradesh Electricity Regulatory 
Commission. The Central Power Distribution Co. Ltd., which is responsible for 
distribution in central Andhra Pradesh, permitted CORE to study three 33/11 kV 
substations in Andhra Pradesh. CORE found that maintenance was absent, techni-
cal standards were not being maintained, theft was rampant, meters were faulty 
and voltages were low (Rao 2006). Therefore Lok Satta, with assistance from the 
Administrative Staff College of India, set up four pilot projects, including private 
franchising. The objectives were to achieve

•	 improved quality of supply,
•	 metering of agricultural services,
•	 transparency and accountability,
•	 energy balancing,
•	 information gathering on agricultural consumption,
•	 alternative subsidy mechanisms, and
•	 replacement of inefficient pumpsets by energy-efficient ones.

3.1 Recent and Ongoing Projects in India
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Each project (East and West Godavari, Krishna and Guntur) covered the geo-
graphical area of an 11 kV feeder and all of the consumers served by it. A contract 
between Lok Satta (facilitator), the franchisee and the local utility (principal) was 
set up to give all authority to the franchisee. In many cases, the utility had already 
lost credibility with farmers. Consumer representatives held monthly meetings 
with all contract partners in order to understand each other’s problems and pref-
erences. The franchisee was responsible for taking care of breakdowns, prepa-
ration and collection of bills, monitoring and maintenance of meters, DTRs, all 
agricultural services and low-tension lines as well as education of farmers regard-
ing efficiency and energy-saving approaches. Lok Satta recruited and monitored 
the franchisee, acted as a technical consultant and coordinated between the fran-
chisee, the consumers and the local utility. The utility provided and repaired bro-
ken meters, lines and transformers based on the franchisee’s monitoring, supplied 
the franchisee with data and guaranteed prompt payment to the franchisee. The 
project started in 2003, and a coordination committee and a monitoring commis-
sion were established. These had been meeting regularly and often solved existing 
problems successfully. Within three months, the consumers were satisfied with the 
franchisee, commercial losses had been reduced and revenue collection increased. 
Some consumers tried to manipulate the system “in the name of political influ-
ence”, but this problem was often solved by the franchisee with Lok Satta support 
(Rao 2006). Nonetheless, the quality increases were not as high as expected.

3.1.5  Summary

The examples briefly described above are not exhaustive; yet they do give an 
impression of the current state of project designs and strategies. The approaches 
are rather heterogeneous and there have been many starting points. However, 
the majority of the foreign-aid projects work on a large budget, with solutions 
that usually are not implemented in a decentralised manner or on a local level. 
Ongoing foreign development projects emphasise technological innovations, while 
also taking into account educational factors. Meanwhile, public and state-level 
projects often have a focus on large-scale technical solutions.

In contrast, community-driven projects have been developed on a smaller scale, 
predominantly experimenting with institutional solutions. The three examples of 
such projects described here have emphasised the need for improvement in power 
supply and that consumer action could help to improve the situation. Although 
there were some difficulties from the consumer side as well as from the supplier 
side, experience has shown that, with aid from an external assistant, success is 
possible through consumer-participation approaches. Another important finding is 
that issues must be tackled simultaneously from the supply and the demand sides 
in order to be successful (Dash 2006).
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3.2  Discussion of Various Implementation Strategies

In practice, a number of options are available for improving power quality and 
some of the main problems have been described in Sect. 2.3. Often, a solution to 
one problem creates a new problem. For example, more efficient water pumping 
may lead to an increase in groundwater usage, which in turn is likely to worsen 
the problem of scarce groundwater availability. Hence, each measure has to be 
examined carefully with respect to all of its foreseeable effects. In this section, 
some options are summarised and advantages and disadvantages elaborated upon. 
We distinguish between high-cost versus low-cost solutions and the complementa-
rity of institutional and technical approaches. While many other dimensions could 
certainly be considered, we feel that our categorisation should provide sufficient 
insights for the purposes of this study.

3.2.1  Low-Cost Versus High-Cost Solutions

Implementation strategies can be classified into low-cost and high-cost technolo-
gies. While high-cost technologies usually require external financing and involve 
investments from utilities, low-cost technologies are generally affordable for farm-
ers themselves. The current trend has been going towards high-cost solutions, like 
high voltage distribution systems, partly because they are assumed to solve overuse 
and power-quality problems at the same time. Low-cost solutions include, for exam-
ple, power factor correction systems like capacitors3 at the DTR level or directly at 
the load (i.e., motors) or mechanical devices that can help motors to run more 
smoothly, such as frictionless foot valves or improved pipes. One key characteristic 
of low-cost solutions on the demand side is that they require individual action by 
the user. Each farmer has to adopt a technology independently. Most high-cost solu-
tions, in contrast, can be installed centrally, meaning that no direct involvement of 
farmers is required. One medium-cost technology, which also can be installed cen-
trally, is the application of automatic power factor correction panels. This technol-
ogy consists of several capacitors with different ratings, according to the size of the 
pumpsets connected. An electronic device measures the current power factor and 
switches on as many capacitors as are required. Hence, achievements in power fac-
tor correction are much higher than with the usage of single capacitors. The main 
disadvantage of the technology is its high maintenance costs. In field testing, the 
system has proven not to be stable and repair costs were very high. Additionally, as 
it turned out in discussions with manufacturers, an automatic power factor correc-
tion panel costs about ten times more than individual capacitors per kVA.

3A capacitor is an electrical circuit element that can correct the power factor in an electricity 
grid. It balances the phase between current and voltage (Dugan 2003; Meier 2006) and can, thus, 
improve power quality and energy efficiency (see Sect. 4.3).

3.2 Discussion of Various Implementation Strategies

http://dx.doi.org/10.1007/978-3-319-22515-9_2
http://dx.doi.org/10.1007/978-3-319-22515-9_4
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Apart from solutions directly at the pump, energy can be saved via use of 
improved irrigation techniques, such as drip irrigation, or by using less water-
intensive seeds. The most prominent example here is the system of rice intensifica-
tion (SRI), which was introduced in the early 1980s (Surridge 2004). Using SRI, 
estimates of water savings, which are then directly linked to power savings, went 
up by 50 % compared to traditional methods of rice cultivation. Table 3.1 provides 
a brief description of some available technologies and their characteristics.

3.2.2  Technical Solutions and Institutional Requirements

Regardless of the technical solution, it is important to keep in mind that institu-
tional (i.e., rules in place) and social factors play an important role. The users 
have to accept and, at least partially, understand the technology to make it suc-
cessful. This includes technologies on the demand side where individual action is 
required, such as more efficient pumpsets and capacitors. But even with a central-
ised technology like high voltage distribution systems, farmers need to at least be 
made aware of it and should understand the key differences between it and their 
familiar system. Further, a high voltage distribution system does not substitute 
for power-quality measures, including demand-side capacitors and standardised, 
ISI-approved pumpsets. Hence, more efficient energy use and pumping should 
be combined with agricultural extension and training services, explaining for 
example the influence that pump use has on the power grid. This awareness can 
be combined with extension for optimal water management for each crop. Also, 
alternative crop patterns for best output from varieties of agricultural farmland and 
types of soil in relation to power use should be discussed.

A good example of an institutional innovation is prepaid electricity, where 
farmers can buy electricity in advance. This model requires, however, installation 
of meters at the pumpsets which, again, is not only a technical challenge but also 
requires acceptance and support from farmers. Given the political economy and 
the history of flat rate electricity provision, changing the institutional status quo is 
likely to be difficult.

Additionally, it may be of use to form farmer groups along the structure of the 
power grid that can, for example, manage water use and, together with local utili-
ties, maintain “their” DTRs. Although the power infrastructure up to each DTR is 
managed and maintained by the respective distribution companies, collaboration is 
often crucial for reducing damages to infrastructure. In the ideal case, the farmers 
would collectively decide to invest in new demand-side technology and cooper-
ate with their distribution companies. As each technological choice on the demand 
side has an influence on the grid, local distribution companies should, at the mini-
mum, be informed when they are made. Because of the dangers of electricity 
shock, all installation and operation should be conducted by authorised staff only.
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These examples have been included here to show that technological changes 
cannot take place in an institutional vacuum and, often, not only imply behavioural 
changes and acceptance but also need to take into account legal requirements, 
including rights and duties. A theoretical discussion regarding this argument can 
be found, for example, in Bromley (1991).
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Abstract In order to fully understand the main concepts and problems in Indian 
agricultural electric energy supply, some technical background knowledge is 
required. This chapter, written for readers without an engineering background, 
describes the concepts of generation, transmission and distribution and explains 
how agricultural pumpsets operate. Further, the concept of a power factor and the 
working of capacitors are also explained.

Keywords Transmission · Distribution · Electrical energy generation · Agricultural  
pumpsets · Capacitors · Power factor

4.1  Introduction

The evaluation phase of the project involved an extensive analysis of electric 
parameters to determine the measurable impact of the project on electrical energy 
consumption and quality. To lay a common ground for the technical discussions in 
Part II, this chapter seeks to provide basic insight into some of the technicalities 
involved.1 To reach a wider readership, we aim to describe the processes without 
mathematical language and in a way that non-engineers should be capable of fol-
lowing. The more detailed electrical parameters and their mathematical interrela-
tions are described in Appendix I.

To understand how greater efficiency in energy use in the agricultural sector of 
India is being achieved through irrigation-system improvements, requires a gen-
eral understanding of the process of energy generation, transmission and distribu-
tion. As will be discussed in Part II, the project being described here specifically 

1This chapter draws on the following, freely available, sources: Pacific Gas and Electric 
Company (1997), Beck and Martinot (2004), Bureau of Energy Efficiency (2005), von Meier 
(2006), Molburg et al. (2007), Michael (2008), Bureau of Energy Efficiency (2010), Bhatia 
(2012).
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aimed to assess the impact of capacitor additions at the pumpset level on param-
eters across electrical-energy distribution systems, especially between substations 
and pumpsets. This chapter highlights the role of capacitors in attempting to cor-
rect the systemic low power factor caused by inductive loads created by pumpset 
motors; capacitors can help in reducing the reactive power of the motors, thereby 
lowering the current drawn by pumpsets for performing a given task. How this 
happens will be explained in more detail below.

4.2  Electricity Infrastructure

In a power infrastructure system, the energy flow from source to load is composed 
of three stages: generation, transmission and distribution. These stages depend 
on each other to operate smoothly. Generation refers to the process of transform-
ing different types of energy sources into electrical energy, whereas transmission 
and distribution mean the transportation of the electrical energy to the end user, or 
load. The main distinctions between transmission and distribution are the length of 
power lines and voltage levels. Transportation losses are lower the higher the volt-
age is. Therefore, voltage is stepped up after generation, transported through trans-
mission lines to substations, stepped down and transported further via distribution 
lines to the end user. Usually, the generated electrical energy has low voltage, at 
11/33 kV, which is then stepped up to 132/220 kV or higher for long-distance 
transmission to reduce losses. It is then stepped down to 33 kV at transmission 
substations and transferred to distribution substations. From there, it is stepped 
down again to 11 kV and, through distribution lines and DTRs, distributed at the 
440 V level to the loads.

4.2.1  Generation

Electrical energy is generated from diverse energy sources, which include fossil 
fuels, such as oil, natural gas and coal, and renewable sources, like solar, wind 
and hydro. Thermal, hydro and nuclear power plants are the conventional methods 
used in India and usually generate power in bulk. Some of the alternative sources 
of energy employed there include wind, the sun, tidal waves or gas from biomass 
resources.

The total installed capacity of electrical energy generation in India was 
266,644 MW in 2013.2 Because of easy accessibility and a relatively low unit cost, 
coal and other fossil fuel-based thermal power plants contributed 179,072 MW, 

2All figures presented in this chapter are taken from Ministry of Statistics and Programme 
Implementation (2014).
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roughly 70 % of total generation capacity. Hydro power plants contributed about 
15 %, with an installed capacity of 39,491 MW in 2013. Under the given condi-
tions, there has still been high growth potential for hydro power plants in India. 
Yet, due to high investment costs and unavailability of transmission lines, many 
hydro projects are still in pipeline status. Contrary to many industrialised coun-
tries, however, nuclear energy contributes only 1.79 % to India’s total generation.

In Andhra Pradesh, the installed electrical energy generation capacity through 
thermal power plants and hydro power plants is 8950 and 3730 MW, respectively. 
The high share of thermal power generation contributes significantly to India’s 
CO2 emissions. On the other hand, hydro and nuclear power plants have lower 
direct emissions but do pose safety and land use change problems.

4.2.2  Transmission

A functioning transmission system is a prerequisite for stable power supply. 
Electrical energy generated at power plants needs to be transmitted to load cen-
tres and a variety of consumers via transmission lines and towers. Power transmis-
sion lines are composed of two or more conductors to transmit electrical energy 
from one facility to another. Electrical energy is transmitted at higher voltages 
and lower current, since higher voltages reduce drops in line resistance and reac-
tance. Generally, the longer the distance of the transmission lines the higher is the 
selected voltage.

Transmission lines are subject to line losses, meaning that during transmission 
electrical energy is transformed to other forms of energy and cannot be used at the 
end use appliance. There are three kinds of loss—dielectric, copper and radiation-
induced—which are related to heat generation during transmission and surround-
ing electromagnetic fields. In India, these transmission and distribution losses are 
relatively high at about 23 % (see Fig. 2.2), compared to most developed coun-
tries at 2–6 %. The main causes for such high losses in India are old transmission 
lines, poor maintenance and line congestion, but theft is also covered under this 
statistic. Line congestion occurs when too much power is transmitted at one time, 
which leads to greater heating and resistance of conductors, thereby increasing 
line losses. Furthermore, voltage drops significantly under congestion and quality 
for end users deteriorates.

There, however, are ways to reduce line losses and congestion. If congestion is 
present on a permanent basis, an extension of transmission lines is required. But 
also real time monitoring and scheduled maintenance, better equipment at substa-
tions, including capacitor banks and more high voltage distribution systems, can 
effectively reduce losses. Further, increased use of decentralised renewable energy 
generation can help to relieve pressure on transmission lines, as production and 
consumption take place at the same location.

4.2 Electricity Infrastructure

http://dx.doi.org/10.1007/978-3-319-22515-9_2
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4.2.3  Distribution

The distribution grid starts at the distribution substation, where power is reduced 
to 11 kV before being sent out. It is then distributed to DTRs, which step down 
the voltage to the levels required for end users. For agricultural and domestic 
users, this is 440 V for three-phase supply and 230 V for single-phase supply, with 
agricultural pumpsets requiring 440 V. Substations often use separate feeders for 
industrial, domestic and agricultural supply. For agriculture, meters at a particular 
substation are the last means for measuring consumption, as motors are usually 
not metered (Fig. 4.1).

Hence, it is difficult to estimate actual agricultural consumption. Distribution 
lines in rural areas are often in poor shape, suffering from congestion and lack of 
maintenance, which is often taken care of by local populations. Low-hanging lines 
also pose health risks and their damaging can lead to supply interruptions.

Fig. 4.1  Agricultural 
DTR with meter in Andhra 
Pradesh, Source Malte Müller
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4.3  Agricultural Pumpsets

Two types of pumpsets, centrifugal and submersible, are typically used for agri-
cultural irrigation. Centrifugal pumpsets are used more frequently, because invest-
ment costs for them are lower than for submersible pumpsets, but they are usually 
operated in shallow wells (Fig. 4.2). A centrifugal pumpset is relatively simply 
constructed, consisting of an impeller and a diffuser. The impeller is the only mov-
ing part in the pumpset and is directly powered by the motor through a shaft, cre-
ating the (head and) pressure that is required to draw water. A diffusor then directs 
the water.

A submersible pumpset operates in a vertical position and consists of a pump 
bowl, a directly attached motor, a discharge column and a head assembly. It is 
used for bore wells and is installed submerged into them. As these are usually 

Fig. 4.2  Shallow well near 
Hyderabad, Source Malte 
Müller

4.3 Agricultural Pumpsets
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much deeper than shallow open wells, the motor is not easily accessible, so repair-
ing and maintaining a submersible pumpset is more laborious than it is with a cen-
trifugal one. Nonetheless, a submersible pumpset is more efficient, because the 
motor is directly attached, thus reducing friction, and cooling is provided by the 
water in which it is placed. It is also more resistant to changes in water levels and 
can be used in very deep wells. When used for irrigation, both types of pumpsets 
have a rating of between 2 and 15 kW.

The overall energy efficiency of a pumpset is influenced by the quality of the 
power input, the efficiency and friction of its motor, the efficiency of the pumpset 
itself, and the layout and design of the piping system. Efficient pumpsets have less 
copper and iron losses and reduce inefficiencies at the extreme ends (head and 
flow). The efficiency of a pumpset depends also on field characteristics. Efficiency 
losses occur, for example, when the size of a pumpset is not adequate for the con-
ditions. In many cases, pumpsets are oversized and are, consequently, not being 
operated at the optimum load.

4.4  Power Factor and Capacitors

The power factor is defined as the ratio of active or real power, measured in kW, 
and apparent power, measured in kVA

Apparent power is also known as total power and refers to the power that is actu-
ally being provided to a system. Active power is the share of the apparent power 
that can be transferred into other, productive forms of energy. Unused power is 
called reactive power, which is minimised in properly working distribution 
systems.

A power factor of 1 (unity) indicates that all electrical energy is being used at a 
given point, meaning that no reactive power is present. Meanwhile, a power factor 
of 0.6 means that only 60 % of the apparent power can be used. In other words, to 
run a 3 kW motor, one would require 3/0.6 = 5 kVA. In other words, a 100 kVA 
DTR is capable of powering twenty 3 kW motors when the power factor is 0.6 and 
33 motors when the power factor is unity. A low power factor, thus, implies addi-
tional generation requirements for the same level of output.

Three-phase inductive loads required by larger electrical motors need the three 
phases to be balanced to reach a high power factor. The larger the imbalance is, 
the lower the power factor. Overloaded DTRs, wrongly sized motors, increased 
line voltages and already-existing imbalances at substations can lead to low power 
factors. In addition to being able to resolve these issues, capacitors can also help to 
correct the power factor.

A capacitor consists of two parallel metal plates with a gap in-between, which 
is filled with (dielectric) insulating material. This construction allows it to store 

Power factor =
kW (Active Power)

kVA (Apparent Power)
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and release electrical energy. The storage ability of a capacitor is called its capaci-
tance. Static capacitors, as used in this project, have a fixed capacitance. Based 
on a given uncorrected power factor, one can calculate the required capacitance 
needed to reach a power factor of unity.

References

Beck F, Martinot E (2004) Renewable energy policies and barriers. In: Cleveland CJ (ed) 
Encyclopedia of energy. Elsevier, New York, pp 365–383

Bhatia BE (2012) PDHonline Course E144: power factor in Electrical Energy Management
Bureau of Energy Efficiency (2005) Guide books for energy managers book 3: energy efficiency 

in electrical utilities
Bureau of Energy Efficiency (2010) Pilot agricultural demand side management (Ag-DSM), 

Project at Muktsar and TaranTaran, Punjab
Michael AM (2008) Irrigation: theory and practice. Vikas Publishing House Pvt Ltd, New Delhi
Ministry of Statistics and Programme Implementation (2014) Energy statistics 2014. 

Government of India, New Delhi
Molburg JC, Kavicky JA, Picel KC (2007) The design, construction, and operation of long-

distance high-voltage electricity transmission technologies. Argonne National Laboratory, 
Chicago

Pacific Gas and Electric Company (1997) Agricultural pumping efficiency improvements
von Meier A (2006) Electric power systems: a conceptual introduction. IEEE Press, Wiley, 

Hoboken

4.4 Power Factor and Capacitors



Part II
Pilot Project



41

Abstract The pilot project Implementing Cooperative and Technical Solutions to 
Increase Energy Efficiency in Irrigation was initiated in 2011 as a research and 
development approach toward exploring low-cost solutions for improving energy 
efficiency in Indian agriculture. It was developed under the assumption that techni-
cal solutions only work when accompanied by social interventions and capacity 
building. The technical solution consisted of installing shunt capacitors for agri-
cultural pumpset motors where a low power factor had been observed. Capacitors 
are a low-cost solution which farmers can easily afford themselves, providing ben-
efits to farmers and local utilities by reducing electrical energy consumption and 
motor and distribution transformer burnouts. This chapter introduces Part II of this 
SpringerBrief, outlining the pilot project steps and rationale.

Keywords India · Agricultural power supply · Pilot project · Capacitors · Social  
intervention · Capacity building

The pilot project discussed here was initiated in 2011 as a research and develop-
ment approach to exploring low-cost solutions for improving energy efficiency in 
Indian agriculture. It was developed under the assumption that technical solutions 
only work when accompanied by social interventions and capacity building (see 
Sect. 3.2). The technical solution consisted of installing shunt capacitors at motors 
for agricultural pumpsets where a low power factor is observed. Capacitors are a 
low-cost solution which farmers can easily afford themselves, providing benefits 
to farmers and local utilities by reducing electrical energy consumption and motor 
and DTR burnouts.

The pilot project was divided into three phases: planning and preparation, 
implementation, and evaluation. In the planning and preparation phase, the pro-
ject initiator—the Division of Cooperative Sciences at Humboldt-Universität zu 
Berlin—formed a project team consisting of engineers and social scientists. The 
project team then decided during two workshops and several discussions on the 
details of the intervention. In the implementation phase, the technical partners 
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installed the capacitors and provided technical support to the farmers. Before and 
during the installation period, the social partners worked together with the farmers 
and formed farmer committees, which aimed at assuring farmer support for the 
project. Further, farmers were motivated to participate actively, and selected farm-
ers were trained in technical issues related to their pumpsets, such as how to prop-
erly maintain a motor. The committees also aimed at strengthening the “voice” of 
the farmers, creating awareness and knowledge regarding power systems, as well 
as providing a basis for further interventions. During the implementation phase, 
the project team had already initiated the evaluation phase, which was mainly con-
cerned with measuring the effects of the capacitors on selected indicators to get 
an idea of their impact on the energy efficiency, water flow and electrical energy 
consumption of the pumpset motors.

The project was, however, burdened by a technical problem. Two months after 
installation, the capacitors started to burn, sometimes destroying the whole starter 
box in which they were installed and, therefore, many farmers started to uninstall 
the capacitors. The project team decided to replace all installed capacitors with an 
improved version that consisted of a box with additional safety equipment. The 
problem led to an extension of the project in terms of budget and time.

Overall, the project team regards the results as being positive, as our evaluation 
has revealed improvements in technical parameters, and a subsequent marginal 
abatement cost analysis showed capacitors to be a very cost-efficient tool. Possible 
alternatives, such as efficient motors and solar water pumpsets, lead to signifi-
cantly higher costs per kilogram of carbon dioxide (CO2) abated and units of elec-
trical energy saved. However, it should be noted that the effects of capacitors are 
limited. If India wants to reduce CO2 emissions and electrical energy production 
to anticipated levels, only installing capacitors would not be sufficient.

The next chapter sketches an overview of the project, providing insights on 
the project’s location, partners, rationale and aims. Chapter 7 details all steps that 
the pilot project has gone through, chronologically, while Chap. 8 explains the 
results, especially in terms of technical evaluation, and Chap. 9 discusses upscal-
ing potentials.

http://dx.doi.org/10.1007/978-3-319-22515-9_7
http://dx.doi.org/10.1007/978-3-319-22515-9_8
http://dx.doi.org/10.1007/978-3-319-22515-9_9
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Abstract The chapter starts with a description of the project partners and 
region and then explains its aims and the roles of the stakeholders. The techni-
cal and social approaches adopted are also introduced, explaining why capacitors 
were selected for the technical intervention and how, in order to assure a smooth 
implementation process, farmers were organized into distribution transformer 
committees.

Keywords Vemulavada · Karimnagar · Socio-technical interventions · Shunt 
capacitors · Distribution transformer committees

6.1  Partners

The multi-stakeholder project was constructed in such a way that several partners 
from different backgrounds were able to aggregate their knowledge to cover all of 
its relevant aspects. The consortium consisted of

•	 the Division of Cooperative Sciences at Humboldt-Universität zu Berlin 
(COOP), as the project leader and initiator;

•	 the Co-operative Electric Supply Society Sircilla, Ltd. (CESS), the local utility;
•	 the Self Employed Welfare Society, a local NGO, leading a watershed program 

in the area;
•	 the Power Systems Research Centre of the International Institute for 

Information Technology, Hyderabad (IIIT-H), the academic partner;
•	 the Steinbeis Centre for Technology and Innovation (SCTI), the technical 

implementer;
•	 the cBalance Solutions Hub Pvt. Ltd., the evaluator; and
•	 the Centre for World Solidarity (CWS) and the Prayas Pune Energy Group 

(PEG), the advising partners.

Chapter 6
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Each partner had a specific and unique role in the project, as described below.

COOP
The Division of Cooperative Sciences (since 2014, Division of Economics of 
Agricultural Cooperatives) is part of the Faculty of Life Sciences at Humboldt-
Universität zu Berlin. Its main area of expertise lies in the analysis of economic 
and social coordination and cooperation failure, which serves as a theoretical 
basis for applied research projects being carried out in several countries, including 
India, Uganda, Guatemala, and Kyrgyzstan. COOP led and coordinated the pilot 
project and was responsible for its overall implementation and evaluation, with its 
main activities being to

•	 coordinate all partners and activities;
•	 establish a structure to guide the carrying out of the project;
•	 document and evaluate the project;
•	 conduct a social survey; and
•	 establish farmer committees, including extensive training and capacity building 

events.

CESS
The Co-operative Electric Supply Society Sircilla, Ltd. was established in 1969 
as part of an Indian governmental programme to enhance the spread and effec-
tiveness of rural power distribution and management in India. One of the first five 
rural electricity supply companies in India, CESS now has an area of operation 
that extends over 173 villages, 109 hamlets and nine urban centres, currently serv-
ing more than 1.6 million customers altogether. The main activities of CESS in the 
project were to

•	 provide local knowledge to the project team;
•	 support installation of capacitors and measurement at DTRs; and
•	 participate in farmer meetings.

SEWS
The Self Employed Welfare Society is a non-profit organisation located in 
Vemulawada, in Karminagar district. It has launched many schemes, such as 
watershed programmes and clean drinking water initiatives. Its main project activi-
ties were to

•	 serve as an intermediary in the field to coordinate and communicate with 
farmers;

•	 report on and resolve problems/issues raised by farmers; and
•	 establish farmer committees.

IIIT-H
The International Institute of Information Technology, Hyderabad is a research 
university whose primary goal is to impart a uniquely broad and interdisciplinary 
information technology education. The Power Systems Research Centre was set 
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up at IIIT-H to undertake research regarding IT applications for power and energy 
systems. The main activities of IIIT-H in the project were to

•	 provide assistance for the overall technical approach of the pilot project;
•	 provide technical knowledge in designing solutions, including the selection of 

feeders;
•	 carry out regular field visits, data collection and reporting activities; and
•	 assess the technical feasibility of measurement and data collection methods 

used.

SCTI
The Steinbeis Centre for Technology Transfer India provides technology-transfer 
solutions to concrete local problems in several fields, and its services include tech-
nical consultancy, research and development, outsourcing of engineering services 
and engineering components, training, and international technology transfer. The 
main activities of SCTI in the project were to

•	 implement, install, and monitor technical aspects of the project and provide nec-
essary services and materials;

•	 provide technical background knowledge and training to the field staff; and
•	 coordinate and conduct regular meetings with farmers to raise technical aware-

ness regarding the project.

cBalance Solutions Hub
cBalance is a knowledge-centric solutions hub that specialises in tool building 
and strategy development for integrating carbon enterprise resource planning into 
institutional processes. cBalance was the technical evaluator of the pilot project, 
with its main activities being to

•	 develop an overarching strategy for presenting the impact of the chosen 
measures;

•	 design a field measurement plan, including development of an algorithm to 
identify a representative sample of pumpsets and DTRs that would form the tar-
get population for the study;

•	 determine relevant electrical and flow parameters for measurement and demon-
stration of impacts;

•	 carry out field measurements to quantity performance impacts of capacitors on a 
statistically representative sample of pumpsets; and

•	 undertake data analysis to quantify and assess the scale of the impact achieved 
as well as to perform rational projections of the impacts throughout the pilot 
project, based on the sample results.

CWS
The Centre for World Solidarity conceptualised and demonstrated the feasibility 
of a social regulations approach to sustainable groundwater management, both 
in drinking water supply and irrigation, from 2004 to 2012 in selected villages in 
Andhra Pradesh. Based upon this approach, CWS worked with farmers on collec-
tive methods to address electricity-related issues in groundwater-based irrigation. 

6.1 Partners
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Drawing from these experiences, CWS provided advisory support to the pilot pro-
ject, for which its activities were to

•	 deliver inputs for project design, such as the development of implementation 
plans;

•	 review implementation processes and reports;
•	 conduct capacity building among field partners in operationalising plans; and
•	 provide input to policy intervention processes and events.

PEG
The Prayas Energy Group has been active in the electricity sector in the areas 
of generation and supply, energy efficiency, renewable energy, and fuels and 
resources. Power supply for agriculture—in terms of accurate consumption esti-
mates, equitable distribution of subsidies, improved quality of supply and end-use 
efficiency—has been one of the areas of its work. The main activities of PEG in 
the project were to

•	 effectively design project inputs (work plan, field intervention, evaluation, 
reports);

•	 provide input for capacity building among field partners; and
•	 provide input to policy interventions (workshops, regulatory/policy 

submissions).

6.2  Pilot Project Region

The pilot project took place in the area adjacent to the towns of Vemulavada and 
Sircilla in the Karimnagar District of Andhra Pradesh (Fig. 6.1). The area is mod-
erately hilly and surrounded by forests, and the Mula Vagu river runs through 
Vemulavada, though it is dry during most months of the year. The main crops 
in the area are paddy and cotton, with most irrigation being done by electrical 
pumpsets from groundwater. Three tanks (i.e., large basins that accumulate rain 
water during the monsoon season) have been set up to increase the groundwater 
level. In 2003, a governmental program, carried out by the local NGO SEWS, 
improved the tanks by constructing small canals to increase water inflow from 
forest areas. Further, the tanks have been connected with each other and with the 
Mula Vagu in order to avoid tank overflow and increase water availability. Some 
villages of the intervention area were already participating in a watershed manage-
ment program initiated in 2003, which includes savings groups, employment pro-
jects, and village committees.

The project area was chosen due to the following considerations:

•	 Presence of a co-operative society as the distribution utility rather than a larger 
state-owned utility: A similar project on capacitors had been implemented in 
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an area with such a state utility, and communication difficulties with the utility 
were reported. Hence, the project team decided to choose an area with a co-
operative society that supplied all participating farmers.

•	 Presence of watershed management activities: Part of the intervention area 
is subject to a watershed management program funded by the German 
Development Bank KfW. This brought the advantage of being able to evaluate 
the effect of capacitors under different conditions.

•	 Representative cropping pattern: The area is representative for the Deccan 
Plateau of South India, covering parts of Andhra Pradesh, Karnataka, Tamil 
Nadu, and Kerala, but especially representative for the Telangana region. The 
main crops—paddy and cotton—are water intensive, and irrigation is essential 
for successful harvests (Fig. 6.2). Hence, an interest in and need for improved 
electrical energy supply was already given.

•	 Lack of alternative water supply: The area is rather dry, and there is no alter-
native to groundwater irrigation. A high dependency on good electrical energy 
quality makes the region a priority for intervention. An added benefit is that 
the effects of capacitors would be easier to estimate, because confounding with 
other irrigation methods could already be ruled out.

Fig. 6.1  Map of pilot project area. Source This map was composed in QGIS 2.6.1 using ele-
ments from OpenStreetMap project, Landsat ETM 7 (Bands 1, 2, 3 and 7) and ASTER GDEM 
(Tile: N18E078). http://download.geofabrik.de/asia/india.html. http://earthexplorer.usgs.gov/. 
ASTER GDEM and Landsat ETM 7 are products of METI and NASA

6.2 Pilot Project Region

http://download.geofabrik.de/asia/india.html
http://earthexplorer.usgs.gov/
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6.3  Aims and Stakeholders

The project aims were developed by taking into consideration all stakeholders 
simultaneously. The aims were to reduce electrical energy consumption, improve 
electrical energy quality, reduce line losses, and raise capacity building and aware-
ness among farmers.

The team expected the following benefits for stakeholders: the farmers would 
profit from improved electrical energy quality, savings in motor and DTR repair 
costs, and, through improved irrigation and higher yields, gain greater reliability 
for their planning activities. Further, the DTR committees would be likely to lead 
to greater “voice” for the farmers.

The utility would be able to reduce the number of units sold to agriculture, 
which could instead be sold to profit-generating consumers such as industries. 
Further, better electrical energy quality would likely reduce maintenance and 
repair costs. Decreased line losses and increased power factor would be an impor-
tant benefit for annual administrative reports and could serve towards meeting tar-
gets set by the Andhra Pradesh Electricity Regulatory Commission.

Indian society in general could expect to benefit from greater availability of 
electrical energy if agricultural consumption and line losses were to decrease. 
Furthermore, this may lead to a reduction of CO2 emissions, if less overall electri-
cal energy is required.

The stakeholders can be differentiated between those directly affected and 
those indirectly affected by problems related to electrical energy provision for 
agriculture. Farmers should immediately realise expected effects of project 

Fig. 6.2  Paddy field with pumpset near Vemulavada. Source Malte Müller
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implementation, as results would be already observable in the short run. Also the 
utility, which is supplying farmers, would be able to sense effects immediately, 
as reduced electrical energy consumption to agriculture and lower repair costs 
are realised. The other stakeholders—competing electrical energy consumers, the 
Andhra Pradesh and Indian governments and their subordinate departments, and, 
finally, Indian society as a whole—would be affected indirectly and only in the 
long run. In the following, we will focus only on the main stakeholders and the 
short-term effects expected from the project.

The interrelations of the stakeholders are summarised in Table 6.1. The team con-
sidered the pilot project area to be special in that power distribution is carried out by 
a co-operative society, CESS (see Sect. 6.1), rather than by one of the four distribu-
tion companies operating in Andhra Pradesh. Although CESS fulfils the same duties 
as the distribution companies do in other areas, there are differences in the subsidisa-
tion policy they are subject to. CESS buys each kWh from the distribution compa-
nies at a current price of 0.48 INR and sells it at given tariffs to different customer 
groups. Farmers, however, are supplied at no charge per kWh, so that CESS sustains 
losses for each kWh delivered to agriculture. In contrast, the distribution companies 
receive a direct subsidy from the Andhra Pradesh government for units delivered to 
agriculture, yet buy kWh at a higher price. The incentive structure is therefore dif-
ferent for the distribution companies. The fewer kWh CESS sells to agriculture, the 
less its losses are. A great incentive for improved energy efficiency is, thus, inherent 
to CESS. Additionally, CESS is responsible for maintenance of DTRs. Low electri-
cal energy quality on agricultural feeders lead to increased DTR burnouts, a reduc-
tion of which would also be in line with the incentive structure of CESS.

Table 6.1  Overview of stakeholders involved in pilot project

Stakeholder Role Current situation Change in pilot project

Farmers Use groundwater for 
irrigation of farmland

Suffer from high 
repair costs, low 
water levels, poor  
and restricted electrical 
energy supply, and 
unfavourable supply 
timing

Reduction of  
burnouts; more  
efficient pumping

Utility Distributes electric 
energy; maintains 
distribution grid

Suffers from high 
costs of agricultural 
supply and DTR 
repair costs

Reduced delivery to 
agriculture; reduced 
DTR repair costs

Governments: 
Andhra Pradesh, 
Indian

Subsidise electrical 
energy for  
utilities; set tariffs 
and standards

Suffer from high sub-
sidies and economic 
disadvantages due to 
limited power supply

Reduced subsidies and 
supply gap

Electric energy 
consumers in Andhra 
Pradesh

Consume electrical 
energy, pay taxes

Suffer from high 
taxes for subsidies, 
power cuts and pol-
luted air

Less power cuts  
better electrical  
energy quality

6.3 Aims and Stakeholders
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Farmers in the region are mostly cotton and paddy farmers. As in other regions 
in Andhra Pradesh, they suffer from limited water availability and, due to their 
high dependence on groundwater irrigation via electric pumpsets, from unreliable 
electrical energy supply. Although farmers do not pay for electrical energy con-
sumption, they would certainly appreciate an improvement in quality, as a high 
financial burden for them comes from pumpset repair costs. However, due to the 
subsidy that grants them free electricity, energy efficiency and reduced electrical 
energy consumption play a minor or indirect role for farmers.

In the long run, the intervention was expected to lead to an increased availabil-
ity of electrical energy, which could then have been turned into an improvement 
for the farmers in the form of increased hours of supply. However, many insti-
tutional, political and technical hurdles have made this aim unrealistic from the 
farmers’ perspective, and within the geographical scope of the project the effects 
would have been rather marginal.

6.4  Technical Approach

A low-cost way to increase electrical energy quality is to connect shunt capaci-
tors parallel to the load. The connection of capacitor banks at a substation in com-
bination with capacitors at individual loads seems—based on discussions with 
electrical engineers—the best way to maintain a power factor of around 0.8–0.9. 
However, the pilot project aimed towards enabling farmers to implement solutions 
themselves and, hence, solutions on a larger scale were not pursued. Shunt capaci-
tors are a simple and widely available device, affordable for almost all farmers in 
the study area, and have exhibited positive effects for both farmers and utilities. 
Additionally, capacitors can serve as an entry point to investment in other types of 
energy-efficient equipment.

Capacitors have one further characteristic (see Box 2 in Chap. 2). The effect of 
a single capacitor is minimal, and only after a certain number of farmers per DTR 
use capacitors does a significant change become noticeable. This fact implies that 
(non-)use of capacitors is not only based on technical issues but also on institu-
tional and social settings. Some coordination of the farmers is, thus, required, but 
missing empirically (Kimmich 2013). Consequently, a project with capacitors not 
only faces technical challenges but must also take into consideration linkages to 
the social side of agriculture, thereby increasing difficulty of implementation.

6.5  Social Approach

The social approach taken by the project team consisted mainly of activities per-
formed within farmer committees. Organisation of the farmers took place after 
the capacitors were installed, in accordance with the following concept. As most 

http://dx.doi.org/10.1007/978-3-319-22515-9_2
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interaction between farmers occurred within one DTR, the smallest unit of a com-
mittee was the DTR committee (DTRC). All farmers who were connected to a 
DTR thus became members of a DTRC, which were then connected to each other 
through a feeder committee (Fig. 6.3).

Elected representatives of the DTRCs—each connected to their respective 
feeder—became members of a feeder committee, of which there were two in the 
project area. Their main purpose was to solve issues that could not be solved on 
the DTRC level. Further they could initiate larger interventions beyond the usual 
scope of the project. At a higher level, the feeder committees were then brought 
together into the pilot project committee, which served as the head organisation 
which communicated with CESS concerning electrical energy supply, solved 
internal matters and took important decisions.

Each committee had its own constitution and representatives: a president, 
a secretary, a treasurer and, for DTRCs, a technical assistant. There were regu-
lar meetings with structured agendas, during which technical and social problems 
were discussed and some variables of the motors, capacitors and DTRs docu-
mented. The DTRCs met monthly and the feeder committees and pilot project 
committee every four months (Fig. 6.4). The representatives kept in contact with 
CESS officials and helped their members to solve problems. The technical assis-
tants received advanced training on different aspects of irrigation and electrical 
energy and were able to help other farmers with technical problems related to their 
pumpsets (A detailed description of the committees and their tasks can be found in 
Appendix III).

In general, the social intervention approach facilitated solving the farmers’ 
problems in a bottom-up and collective manner; helped to avoid conflicts and 
misunderstandings between farmers, CESS and the project team; served as a plat-
form for capacity building and training; and assisted interaction between CESS 
and the farmers. In the long run, the experience of the committees can be used 
as an institutional showcase for collective action. They can also serve as a plat-
form for further interventions. The committee model can be transferred to other 

Fig. 6.3  Organisational chart 
of farmer committees Pilot Project

Committee

Feeder Committee

DTR DTR DTR DTR

6.5 Social Approach
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fields like water management groups, village electricity committees, and also be 
used when new technologies, such as solar photovoltaic water pumpsets, are to be 
introduced.
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Fig. 6.4  Farmers in front of their DTR. Source Malte Müller
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Abstract This chapter illustrates relevant steps within the pilot project’s chronology,  
the timeframe of which ranged from October 2011 to June 2013. The sections are 
organised into three chronological phases: preparation and planning, implementa-
tion and evaluation.

Keywords Project implementation · Project preparation and planning · Project 
evaluation techniques · Power factor · Transformer committees

7.1  Preparation and Planning Phase

The preparation and planning phase, including steps required to initiate and facili-
tate the implementation phase, was finalised after:

•	 the area for intervention was decided on,
•	 all partners were made fully aware of the aims and scope of the project,
•	 an intervention method was agreed upon,
•	 its technical feasibility was verified,
•	 local actors were included in the project,
•	 the project consortium agreed to the implementation strategy, and
•	 baseline data had been gathered.

The official initiation of the preparation and planning phase took place in October 
2011, when two workshops were conducted to decide on the intervention type and 
location. The following sections describe the main results of this phase.

7.1.1  Rationale for Choice of Intervention

As discussed in the above chapters, the project team decided to install shunt 
capacitors at the pumpset level to improve the power factor (see Sect. 4.3 for 
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technical details) of agricultural motors in a study area as the main intervention 
strategy. This decision, the result of intense discussions within the project team 
and with external experts, was shaped by several constraints. First, the project was 
to be carried out on a limited budget, which ruled out large-scale interventions 
such as replacement of motors or DTRs. Hence, the range of choice was reduced 
to small, low-cost technical solutions. Second, a focus was to be put on farmer 
participation. Two related concerns were that (a) a feasible project solution needed 
to be found where the contribution of utilities and regulators was not necessarily 
required and (b) it should be, so far as possible, unaffected by unexpected political 
changes and regulatory delays. Third, the solution was envisioned to be techni-
cally simple and easy to understand for stakeholders, especially farmers. Fourth, 
farmers and NGOs should be able to upscale the intervention without the involve-
ment and support of larger actors, like governments. Fifth, the solution should not 
require intensive maintenance and technical know-how. Sixth, in order to empower 
farmers, the solution required some scope for collective action and participation.

Considering these criteria, the range of possible solutions was still large: dry-
run preventers, for example, would have fulfilled all of these requirements (see 
Sect. 3.2). Capacitors were principally chosen for the following reasons: first, pre-
liminary but promising achievements from a small project that deployed capaci-
tors as an intervention strategy already existed. These results are summarised in 
Mohan and Sreekumar (2010); its authors participated with an advisory role in our 
pilot project (see Sect. 6.1), bringing in their experience on the topic. It turned 
out that, in their project, capacitors remained installed for several years and were 
highly valued by the farmers involved, as confirmed via a site visit by the pro-
ject team in December 2011. It was expected that this successful “pretesting” 
would increase the likelihood of technically sound and robust implementation in 
our project. Other possible solutions would have required additional pretesting, 
which would have been outside the project’s scope and finances. Second, the solu-
tion of capacitors was recommended within the project team, with the electrical 
engineers involved confirming their anticipated positive effects on the electric grid. 
Third, most farmers were already familiar with capacitors and understood how 
they worked. Fourth, CESS, the local utility, was comfortable with this solution 
and assured us of its support. Fifth, capacitors were highly recommended by the 
Andhra Pradesh government and are compulsory in some regions there and India 
more generally, being standard in many other electrical appliances as well. Sixth, 
a capacitor is a simple electrical device which has been used and proven beneficial 
in many appliances for several decades, outruling the risks that are often inherent 
to new technologies. Meanwhile, seventh, investment and maintenance costs for 
capacitors are relatively low.

Some potential disadvantages of using capacitors were, however, also clear to 
us: first, many farmers were reluctant towards capacitor usage, since a govern-
ment program in 2005 had led to improper installation of capacitors, resulting in 
adverse effects on pumpset efficiency and reliability (see details in, e.g., Kimmich 
(2013a) and Sect. 2.3). This hindrance substantiated the need for capacity building 

http://dx.doi.org/10.1007/978-3-319-22515-9_3
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and social intervention in order to win acceptance for the project. For the build-
ing of trust between farmers and the project team, it appeared crucial to conduct 
several training sessions to explain how a capacitor works and how to maintain it. 
Second, as we have already mentioned, capacitors only function properly when 
concerted action evolves. If only one farmer connected to a DTR uses a capaci-
tor, the effect is rather small. The full potential of capacitors can only be achieved 
when all farmers connected to a DTR/feeder have installed them (see Box 2 and 
Box 4). This insight was crucial for planning a comprehensive implementation 
strategy. It was the task—and major challenge—of the project team, especially the 
local NGO, to at least achieve full coverage for one feeder, requiring sophisticated 
grassroots work and capacity building. The project team came to the conclusion 
that the advantages of capacitors, compared to other technologies, outweigh the 
disadvantages. Especially the need for collective action was regarded as an under-
researched topic which would fit well into the research agenda of the Sustainable 
Hyderabad project, and the experience and insights gained would likely be impor-
tant for policy makers working in similar fields.

7.1.2  Selection of Feeders

Having agreed to install capacitors, the project team then searched for an exact 
project location. Considering the available resources, the project team decided 
to select two feeders to be completely equipped with capacitors, translating into 
approximately 800 pumpsets. As the project team had earlier decided to conduct 
the project in the area served by CESS, only feeders which were under its main-
tenance were considered. Data on all possible feeders was provided by CESS, and 
COOP and IIIT-H developed the following criteria to guide the selection of feed-
ers, according to which each feeder should have:

•	 approval from the local partners: SEWS and CESS,
•	 a large share of agricultural connections,
•	 few or no illegal connections,
•	 a low number of total agricultural connections,
•	 one watershed and one non-watershed feeder,
•	 similarities with other selected feeders,
•	 a representative cropping pattern,
•	 lines in acceptable working condition,
•	 no plans for renewal or replacement of the feeder or substation, and
•	 possibilities for measuring all technical parameters.

Also, one feeder should be located in SEWS’s service area. A detailed technical 
analysis of potential feeders had been carried out by IIIT-H and SCTI after a pre-
selection process by SEWS and CESS. CESS based its pre-selection on its own 
internal preferences, taking into consideration which feeder needed such an inter-

7.1 Preparation and Planning Phase
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vention most and which one was technically adequate for it. Meanwhile, SEWS 
preferred that the feeder be in an area where SEWS had already been working,  
in order to have better access to the farmers and an easier and quicker implementa-
tion phase.

Technical analysis of feeder choice was accompanied by field visits and collec-
tion of technical parameters. Eventually, a ranking of attributes led to the selec-
tion of two intervention feeders: “Namiligundupally” at Vattemula substation and 
“Sangula” at Sangula substation. The selection process was finalised in January 
2012. Table 7.1 lists the characteristics of the selected feeders.

During subsequent project phases, some of the listed characteristics changed 
and, unexpectedly, the load at the Namiligundupally feeder was heavily reduced, 
because another feeder from the same substation replaced it for a portion of the 
overall distribution. The choice of the feeders was an important step, as it enabled 
the project team to begin making contact with the farmers who would eventually 
be part of the project. The following steps, thus, deal with our interaction with 
these farmers.

7.1.3  Social Survey

In order to increase the effectiveness of the implementation phase, the pro-
ject team decided to collect background information on the participating farm-
ers, including their attitudes and knowledge, socio-demographic variables, 
cropping patterns, field sizes, currently used technologies, and perceptions regard-
ing groundwater levels. Thus, a social survey was carried out before the farm-
ers were made aware of the upcoming project (Fig. 7.1). The data collection was 
done in February 2012 and took four days. The sample consisted of 234 farmers 
from the intervention feeders and from a control group in the surrounding areas. 
In total, eight villages were covered. A training session of one and a half days 
with 16 field investigators prepared them to carry out the survey. A discrete choice 
experiment to elicit preferences regarding different alternative capacitor types and 
implementation schemes was included in the questionnaire (see Box 3).

The results of the social questionnaire are presented in Table 7.2. In order to 
assess whether the sample was representative for Andhra Pradesh, the table con-
trasts our dataset with a similar survey from 2010, which was carried out in 

Table 7.1  Situation at the 
two intervention feeders in 
January 2012

Feeder Namiligundupally Sangula

Domestic load in kW 188 512

Number of DTRs 14 21

Number of connections 346 355

Total kW for agriculture 900.4 991.8

Watershed program Yes No
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Fig. 7.1  Conduction of social survey. Source Christian Kimmich

Table 7.2  Comparison of survey statistics from Andhra Pradesh wide and project samples

Vemulavada 
Sample 2012

Andhra 
Pradesh 
Sample 2010

Vemulavada Sample 2012 Andhra  
Pradesh  
Sample 2010

A. Farm/
Household 
Variables

Mean  
(standard 
deviation)

Mean  
(standard 
deviation)

Min. Max. Min. Max.

Acres irrigated 
during kharif 
season (April–
October)

3.68(2.85) 3.66 (4.45) 0.08 21.5 0 56.5

Additional 
household 
income (total 
and share in 
%)

8249.85 
(15,370.48)

65 0 150,000

Participation 
in agricultural 
training (share 
in %)

32.70 33

Participation 
in the Gram 
Sabha (vil-
lage meeting) 
(share in %)

60.36 54

(continued)
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Table 7.2  (continued)

Vemulavada 
Sample 2012

Andhra 
Pradesh 
Sample 2010

Vemulavada Sample 2012 Andhra  
Pradesh  
Sample 2010

Member of a 
farmer asso-
ciation (share 
in %)

52.89 22

Education 
(years)

7.81 (3.44) 3.80 (5.06) 1 17 0 18

Age (years) 47.34 (13.05) 44.34 (13.58) 20 78 19 83

Gender (share 
of male farm-
ers in %)

85.00 81

Caste (share 
of scheduled 
caste/sched-
uled tribe 
farmers in %)

30.96 35

Household 
size

5.14 (2.27) 5.55 (2.71) 2 16 2 19

B. DTR 
variables

Mean  
(standard 
deviation)

Mean  
(standard 
deviation)

Min. Max. Min. Max.

DTR burnouts 
per year

5.66 (4.04) 1.02 (1.04) 1 16 0 7

Farmer’s cost 
for DTR repair 
(INR)

642.41 
(1540.12)

620.58 
(869.65)

30 10,000 0 8000

Number of 
farmers con-
nected to a 
DTR

9.30 (4.92) 17.30 (8.12) 1 18 1 50

Costs for 
authorization 
of connection 
(INR)

9,209.61 
(8430.64)

7180.11 
(8742.22)

250 1,000,000 0 100,000

Bribes paid for 
receiving con-
nection (INR)

1,988.75 
(2909.87)

946.60 
(1456.48)

50 300,000 0 10,000

Farmers with 
DTR head 
position (share 
in %)

27.78 69.00

Farmers own-
ing their DTR 
(share in %)

3.00

(continued)
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Table 7.2  (continued)

Vemulavada 
Sample 2012

Andhra 
Pradesh 
Sample 2010

Vemulavada Sample 2012 Andhra  
Pradesh  
Sample 2010

C. Pumpset 
variables

Mean  
(standard 
deviation)

Mean  
(standard 
deviation)

Min. Max. Min. Max.

Motor burn-
outs per year

2.03 (2.19) 1.86 (1.64) 0 20 0 12

Costs for 
motor repair 
(INR)

4147.5 
(3216.54)

2693.15 
(1513.11)

800 30,000 200 8500

Age of 
pumpset 
(years)

16.19 (9.90) 7.21 (5.94) 0 42 0 30

Branded 
pumpset  
(share in %)

53.00

ISI-marked 
pumpset  
(share in %)

63.30 37.00

BEE-rated 
pumpset  
(share in %)

6.00

Capacitor 
successfully 
installed  
(share in %)

9.76 10.00

Automatic 
starter 
installed  
(share in %)

40.27 85.00

Pumpset 
investment 
costs (INR)

14,499.51 
(7945.12)

22,342.90 
(8998.48)

1,500 56,000 2000 72,000

Pumpset main-
tenance costs 
(INR/year)

690.16  
(997.26)

468.11 
(375.09)

0 12,000 50 3000

Well depth 
(feet)

24.67 (26.21) 166.79  
(69.82)

4.57 200 13 400

Well invest-
ment costs 
(INR)

23,324.51 
(18,647.77)

1000 150,000

Months with-
out water

4.91 (1.60) 0 7

Well runs dry 
in summer 
(share in %)

83.98 95.00

Source Adapted from Kimmich (2013b) and own material
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multiple districts in Andhra Pradesh with the aim to better understand dilemma 
situations in Indian agriculture (Kimmich 2013b). Part A of the table represents 
socio-economic variables from both datasets. The data from the project sample is 
similar to the data from Kimmich (2013b), with the main differences only being 
in terms of membership in a farmers’ association and average number of years of 
education. The average farm size was 3.68 acres per farmer, with a range from 
0.08 to 21.5 acres, indicating some heterogeneity among them. Part B of Table 7.2 
reports variables at the DTR level. The number of DTR burnouts per year was 
relatively high in the study area, with nearly six burnouts, compared to the 2010 
data, with only about one burnout. Furthermore, the average number of farmers 
connected to one DTR was low compared to the data from 2010, reflecting the 
higher share of head-position farmers at the DTR. The number of farmers own-
ing their own DTR was only surveyed in 2010 and is expectedly low (3 %). Part 
C displays pumpset variables. Most relevant is the yearly average of around two 
motor burnouts per pumpset. Combining this figure with an average repair cost of 
4,147.50 INR (or 2,693.15 INR in 2010) demonstrates the high cost of inappropri-
ate technologies and low electrical energy quality borne by farmers. The number 
of motor burnouts is not significantly different between the samples. Only 10 % 
of the farmers from both surveys had already successfully installed a capacitor 
into their pumpset, confirming the already existing reluctance towards capacitors 
described in Sect. 7.1.1.

Box 3: Using Discrete Choice Experiments to Calibrate the Pilot Project 
Intervention

This box is based on unpublished research of the authors.
Discrete choice experiments have been extensively used to evaluate 

goods, services or policies in transportation, environmental, and health eco-
nomics as well as in marketing. In development economics, the method has 
been applied for eliciting preferences in sectors like food, water or farming 
to provide coherent policy recommendations (Bennett and Birol 2010). The 
widespread use of discrete choice experiments is due to their rather simple 
yet general application format combined with robust underlying economic 
theory.

More specifically, a discrete choice experiment is a survey-based, stated-
preferences method in which respondents are asked to repeatedly choose 
between alternatives. Each alternative is described by attributes, which 
vary from choice task to choice task. One advantage of this method, com-
pared to other stated-preferences methods, is that it can enable evaluation 
of the attributes of a good or policy rather than the good or policy itself. 
For example, a policy maker is intent on implementing a sustainable wet-
land management policy. He knows that there are different—maybe equally 
expensive—variants of the policy in terms of parameters such as degree of 
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biodiversity or size of open-water surface area, yet is unaware of the prefer-
ences of the local population. Further, he might be interested in quantify-
ing the perceived value of the different variants to compare them to related 
costs. Using discrete choice experiments can be a means for identifying a 
“socially optimal” policy by adjusting implementation to preferences. The 
example described here (Birol et al. 2006) is one of many such experiments 
that have been conducted to guide policy makers in environmental policy 
questions.

For the pilot project in Andhra Pradesh, we applied a discrete choice 
experiment for a very different purpose. Here, the project team wanted to 
identify the preferences of potential beneficiaries (i.e. a small subset of peo-
ple who would be directly affected) in order to adjust the implementation 
procedures of small pilot projects or development cooperation projects. The 
main difference between classical applications and ours lies in the target 
group and generalization of results. Such experiments usually seek to be rel-
evant for large groups or whole populations (e.g., marketing a new product, 
constructing a new highway, preserving a natural habitat, setting up a new 
health insurance scheme) and are aimed at attaining general conclusions. 
Meanwhile, our application was restricted to a specific and unique inter-
vention, generally guided by the following rationale: Whenever new ideas 
are to be tested in the field, some fine tuning is necessary. The fine tuning 
varied from case to case. When preliminary information-gathering is not 
conducted beforehand, trial and error costs tend to be higher than neces-
sary. While many methods for this exist and are frequently applied, discrete 
choice experiments appear to offer some outstanding benefits. First of all, a 
high degree of realism is provided, as different scenarios are presented to the 
respondents. Second, the comparative nature of discrete choice experiment 
tasks makes decisions easier for respondents, compared to surveys where 
direct statements of, for example, willingness to pay are required. Third, the 
method is relatively efficient in that very precise and quantifiable findings 
can be collected in a relatively compressed format. Fourth, with good sam-
ple selection and proper statistical design, estimates tend to be reliable, as it 
is easy to cover large shares of a target population. Fifth, a discrete choice 
experiment task is likely to be more compelling to respondents than answer-
ing simple, perhaps boring, questions.

The story of the pilot project’s discrete choice experiment is as follows: 
after interviewing several farmers and experts, the project team still lacked 
precise and representative information on the farmers’ preferences regarding 
different capacitor attributes, especially non-technical factors such as capac-
itor warranty and costs. Further, we needed to determine whether farmers 
would be willing to join the distribution transformer committees (DTRC). 
In the end, it all depended on the willingness of the farmers to participate 
or not, because if they were not willing to adopt the proposed changes, the 
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project would likely fail. Sometimes, even small deviances from a preferred 
application can prevent successful implementation. In order to inhibit this 
project from falling into such a trap, it was deemed essential to find out

•	 whether farmers were at all willing to install capacitors;
•	 whether they were willing to pay a price to acquire a capacitor;
•	 whether all farmers would be interested in joining the DTRC;
•	 to what extent a warranty would be appreciated by farmers; and
•	 how warranty, price and the DTRC could be traded off and interact.

It was felt that finding answers to these questions could help to guide imple-
mentation of the project, especially in possibly predicting what would 
“work” or “fail”. For example, if we had found out that farmers were willing 
to pay for capacitors only when they came with a warranty, it would have 
been fatal to provide capacitors at a charge but without warranty. Further, it 
was useful to investigate how farmers traded off between the price and war-
ranty, meaning how much a farmer would pay additionally for one year of 
warranty.

The idea was put into practice in a survey with 234 farmers from the 
intervention villages and from neighbouring “control group” villages in 
February 2012. The discrete choice experiment consisted of three alterna-
tives: “no capacitor”, “only capacitor” and “capacitor and cooperative” 
(cooperative being the word used for DTRC in the survey). The latter two 
alternatives comprised two attributes, each with two levels which appeared 
in different combinations between choice situations. The attributes were 
“years of warranty” (level 1: no warranty /level 2: five years warranty) 
and “investment costs for capacitor” (level 1: no costs /level 2: 300 INR). 
Figure 7.2 presents one out of the 16 choice situations which were used 
in the survey. Each participant responded to eight choice situations after a 
detailed explanation of the alternatives and attributes. The results shed light 
on the concerns raised above.

The analysis was carried out by applying different methods. First, simple 
decision heuristics were detected, meaning where a respondent always chose 
the same alternative, regardless of the levels of the attributes or he always 
chose the alternative where one specific attribute was better. From Table 7.3 
it can be seen that only one respondent always opted against capacitors, 15 
respondents always chose the alternative “capacitor and cooperative”, 26 
respondents always chose the alternative that was cheaper and 39 respond-
ents always opted for longer warranty. Another 43 respondents chose either 
based on the cost or the warranty attribute. This analysis indicated that farm-
ers are not in general reluctant towards capacitors, even when they cost 
something and come without warranty. Further, more respondents were keen 
on having a longer warranty than on free capacitors, revealing a willingness 
to pay for capacitors.
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The data was further analysed with microeconometric methods. 
Applying a conditional logit model, we calculated willingness to pay values  
(i.e., trade-offs between the attributes and the cost) for the attributes. The 
model estimates in terms of willingness to pay are presented in Table 7.4. 
The sampled farmers were more likely to choose the alternative with a coop-
erative and—not surprisingly—preferred lower costs and longer warranties. 
They were on average willing to pay an additional 325 INR to join the coop-
erative and an additional 117 INR for one more year of warranty. Although 
the analysis could have been widely extended, such as by investigating pref-
erence heterogeneity or correlating the choices with socio-demographic vari-
ables, important insights were already obvious and were directly useful for 
project implementation.

Fig. 7.2  A sample choice situation from the survey; each farmer was asked to 
respond to eight of such situations

Table 7.3  Simple choice heuristics farmers have used in the discrete choice experiment

Always choose… Frequency Percent (%)

“No capacitor” alternative 1 0.43

“Only capacitor” alternative 2 0.85

“Capacitor and cooperative” alternative 15 6.41

The cheaper alternative 26 11.11

The alternative with longer warranty 39 16.67

Either cheaper price or longer warranty 43 18.38

Not in any pattern 108 46.15

7.1 Preparation and Planning Phase
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The advantages of such precise and extended analyses come at the cost of 
extra effort. A discrete choice experiment, compared for example to only 
using focus group discussions, should only be used if the additionally gen-
erated information really seems essential for successful implementation. 
Arguments against the use of discrete choice experiments include the fol-
lowing: first, discrete choice experiments involve much preparation and are 
relatively cost intensive. Like most quantitative methods, a relatively large 
sample size is required to obtain statistically sound estimates, and field 
investigators need to be hired and trained for at least one full day. Second, 
falsely selected or omitted attributes or a poor experimental design can bias 
the results and lead to inaccurate or misleading implications. Third, due to 
the hypothetical nature of the method, respondents might not answer in the 
same manner that they would in real decision situations (hypothetical bias).

Table 7.4  Conditional logit regression results expressed in willingness to pay conditional 
for those choosing an alternative with capacitor

*** significant at the 1 % level

Attributes Willingness to pay in INR 95 % confidence interval

Lower bound Upper bound

Cooperative 324.9*** 243.9 405.9

One year Warranty 117.4*** 89.7 145.1

Costs −1 −1 −1

Number of observations 3550

Number of respondents 233

Count R2 0.735

The observed low number of installed capacitors may be partially attributed to 
a coordination failure that has not provided any incentives for farmers to install 
capacitors on the grid—a core coordination problem that has already been 
explained theoretically in Box 2. Box 4 outlines an experiment carried out in the 
pilot project region in February 2013 project with farmers that have not partici-
pated in it to study the dynamic complexity that connected farmers face when 
installing capacitors.

Altogether, the survey confirmed for the project team the anticipated problems 
with electrical energy supply among farmers in the region, even indicating that, 
compared to Andhra Pradesh as a whole, they were facing even greater problems.
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Box 4: Applying a Framed Field Experiment to Study Farmers’ Reluctance  
to Install Capacitors

This box is adapted from Müller and Rommel (2013)
Interventions to foster the installation of capacitors have often failed in 

the past. An underlying coordination problem (as reckoned in Box 2) may 
explain this reluctance. Contextual factors, such as the number of farmers 
connected to one DTR, a lack of insight among leading farmers guiding the 
decisions of fellow farmers, or heterogeneity among farmers might aggra-
vate non-adoption. We studied the role of group size and leadership on the 
capability of farmers to overcome this coordination failure by means of a 
framed field experiment.

The experiment examined the s-shaped production function of electricity 
quality at DTRs in the study area (Fig. 7.3). Its shape creates a coordina-
tion problem among investing farmers: it is individually rational to install a 
capacitor only when the slope of the production function is relatively steep 
(area 2), whereas a farmer should stay away from buying a capacitor when 
the slope is flat (areas 1 and 3; cf. Kimmich (2013a)). Individual investment 
decisions depend, therefore, on the behaviour of others. In reality, farmers 
are predominantly trapped in area 1, where no one would invest—a coordi-
nation failure.

In each out of 12 rounds of the experiment, participants decided to buy or 
not to buy a capacitor. Participants played either in groups of five or groups 

Fig. 7.3  Schematic representation of the capacitor adoption coordination problem. 
Source Adapted from Kimmich (2013b)

7.1 Preparation and Planning Phase
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7.1.4  Technical Survey

Parallel to the social survey, a technical survey was conducted prior to the 
implementation phase (Fig. 7.4). To elicit the potential of capacitors, the survey 
included readings before and after connecting capacitors to the motor circuits with 
about nine sample pumpsets. All parameters, including power factor, before and 
after connecting capacitors were subsequently compared. The average observed 
improvement in power factor reached 14–15 %.

The testing helped in the selection of the right capacitor type and capacitance 
and gave a first impression of the effects that could be expected. In order to get an 
idea of the exact number of required capacitors, a census of all pumpsets operat-
ing under the Namiligundupally and Sangula feeders was carried out. Four local 
electricians—trained and equipped with meters, tools and safety gear by SCTI 
staff—were employed to measure relevant parameters and document the types and 
condition of the motors and pumpsets. When taking measurements at the DTRs, 
linemen from CESS were included in the process to assure safety standards. The 
technical survey continued during the installation of the capacitors and, after final-
isation of the installation phase, SCTI took 60 more measurements. Following 
completion of the technical survey, all required data for the implementation phase, 
described in the next section, was collected.

of ten. In six of the rounds, they made their decisions in parallel (simulta-
neous treatment), while in the other six rounds a randomly selected partici-
pant—the “leader”—moved first (leadership treatment).

In addition, payoffs were also altered to test subjects’ sensitivity towards 
changing financial incentives. The game was played with 225 farmers in 
eight sessions in different villages close to the pilot project area. Results 
indicate that participants in smaller groups chose slightly higher shares 
of capacitors and earned more compared to participants in larger groups. 
Extrapolating this effect to group sizes of 30 farmers, as they occur in real-
ity, could show that smaller groups are much more able to coordinate their 
investments into capacitors efficiently than larger ones. Introducing leader-
ship, however, triggered a negative effect. It turned out that having a lead 
farmer caused farmers to choose less capacitors compared to simultaneous 
play, which might be partially explained by the possibility of free-riding in 
area 3 of the curve. Increasing financial incentives, by increasing payoffs, led 
to higher shares of capacitor adoption (around 12 % of total choices), indi-
cating that a subsidy for capacitors would likely increase real adoption rates.
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7.2  Implementation Phase

After finalising the intervention strategy and generating the baseline social and 
technical data, the project team initiated the implementation phase, which began 
with the selection and purchase of capacitors along with the conducting of aware-
ness-raising meetings for farmers. The meetings were intended to facilitate the 
persuading of farmers, who had not been made aware of the project until then, 
about the benefits of the project and convince them to cooperate with the tech-
nical team. The implementation phase also included the formation of farmer 
committees, training sessions and meetings with CESS and the farmers. As men-
tioned earlier, during implementation some capacitors heated up, caught fire and 
destroyed the starter boxes of the motors to which they were attached. This led 
farmers to uninstall the capacitors, after which the project team decided to replace 
all capacitors with a better model. The following sections explain all of these 
points in detail.

Fig. 7.4  Measurement 
during technical survey. 
Source Christian Kimmich

7.2 Implementation Phase
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7.2.1  Initial Capacitor Selection

In making the initial selection of capacitor type and make, we considered capaci-
tors from manufacturers such as Havells, Ikon, Neptune Ducati, Shreem and 
CAPCO. The capacitor make was chosen based on the following factors:

•	 possibility of earthing at site,
•	 manufacturer reputation,
•	 company’s service and expertise in agriculture,
•	 price,
•	 warranty,
•	 size and ease of fitting,
•	 whether manufacturer could provide technical assistance or not, and
•	 on-site test results (see Sect. 7.1.4).

In the end, the basic model from CAPCO was chosen, as it seemed to be the most 
appropriate product with respect to the above criteria (Fig. 7.5).

Table 7.5 shows the number of capacitors required at the selected feeders and 
the resulting costs, based on the technical survey.

7.2.2  Farmer Awareness-Raising Meetings

Prior to the capacitor installation phase, the project team tried to raise awareness 
about the project among farmers, with SCTI and SEWS conducting several meet-
ings with them. Topics included explanation of the pilot project, involved actors, 
the goals behind capacitor installation, maintenance issues, and potential advan-
tages to the farmers. To make the project more comprehensible to the farmers, 
SCTI and SEWS printed leaflets in the local language, Telugu, and distributed 

Fig. 7.5  Capacitor used 
in the pilot project. Source 
Malte Müller
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them within the villages. Officials from CESS who had not been involved in 
the planning phase were also made aware of the program. The farmers gener-
ally responded positively, though occasionally mentioning doubts. For instance, 
some farmers pointed to previous capacitor projects, where their installation had 
hindered the starting of motors. Most doubts were cleared up by the project team 
explaining the reasons behind the failures, such as faulty installation, and how 
such problems were to be avoided through the project’s approach. The meetings 
took place from February 2012 onwards, continuing on a regular basis, even dur-
ing the installation process.

7.2.3  Capacitor Installation

The same electricians who had conducted the technical survey also carried out the 
capacitor installation, with SCTI monitoring the whole process. The electricians 
began installation at Namiligundupally feeder, as farmers there had been more eas-
ily approachable because of earlier interventions by SEWS. After completion of 
Namiligundupally, the Sanugula feeder was covered. Spare capacitors, about 10 % 
of the total purchased, were stored locally, to be used for replacement of damaged 
capacitors and in case new pumpsets were connected to the feeder.

Table 7.5  Summary of technical survey feeder wise

Motor capacity 
(hp)

Total number 
of motors

kVAR to be 
connected

Cost per kVAR 
in INR

10 % additional, 
spare capacitors

Overall 
cost in INR

Sanugula feeder

3 334 1 kVAR 85.05 33 31,213

5 211 2 kVAR 78.75 21 36,540

7.5 1 3 kVAR 78.75 1 709

10 4 4 kVAR 78.75 1 1890

15 3 5 kVAR 78.75 1 1969

553 58 72,321

Namiligundapalli feeder

3 288 1 kVAR 85.05 29 26,961

5 58 2 kVAR 78.75 6 10,080

7.5 1 3 kVAR 78.75 1 473

10 1 4 kVAR 78.75 1 394

15 1 5 kVAR 78.75 1 788

349 38 38,695

7.2 Implementation Phase
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The electricians mounted a capacitor to a wooden or metal panel inside of each 
motor starter box and fitted the three phase wires of the capacitor in parallel to 
the starter (Fig. 7.6). Installation took place between August and November 2012. 
During the process, problems in the field occurred which led to a delay of one 
month, including difficult access to some starter boxes, weather conditions dur-
ing the monsoon season, uncooperative behaviour of some farmers, incorrect rat-
ing of some motors due to rewinding and continuous changes in motor rating due 
to replacement.

The electricians collected and recorded relevant technical data regarding the 
motors and DTRs with the help of linemen from CESS, both before and after con-
necting the capacitors. The technical staff of SCTI supervised the electricians and 
ensured timely completion of tasks. The resulting information was then shared 
with all project partners. Further, SCTI made sure that all necessary technical 
equipment was available and that employed staff received salaries on time, while 
also solving unforeseen problems, such as with unsatisfied farmers.

Having installed the capacitors, the social team started on the formation of 
farmer committees.

Fig. 7.6  Installation of 
a capacitor. Source Malte 
Müller
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7.2.4  Establishing Farmer Committees

As explained above, one distinctive feature of the project was to establish an insti-
tutional structure through which farmers could be organised and have the possibil-
ity to act collectively as members of a committee (see Sect. 6.5). Therefore, to 
establish such committees was a key task during the implementation phase, and 
their formation was begun in December 2012, after all capacitors had been 
installed. First, DTRCs were formed (Fig. 7.7). The project team developed a 
detailed work plan and trained a team of three social mobilisers and a supervisor 
recruited from the local area. The formation of each DTRC took three days. The 
social mobilisers used the first two days to mobilise and prepare the farmers, form-
ing the DTRC on the third. Each farmer of a DTRC signed an agreement (see 
appendix IV), including conditions such as the farmer agreeing to invest two hours 
per week of voluntary work and contribute a monthly fee of about 100 INR to 
cover expenses for meetings. After signatures had been taken, the committee 
supervisor explained the contents of a constitution, formulated by SEWS, to the 
farmers.1 The first meeting was then conducted according to the Minutes of the 
Meetings log book (see appendix III), which consisted of the constitution and 
seven agendas for that meeting, providing a structure for it and some space to 
record major points of discussion as well as a chapter to collect some relevant sta-
tistics, including number of burned motors within the DTR area.

By the end of December 2012, all DTRCs had been established. The follow-
ing two months were then used to form feeder committees and to conduct further 
DTRC meetings. During the initial meetings, the technical team provided train-
ing sessions to interested farmers, explaining the main features of capacitors and 
pumpsets and how to maintain them properly. Most training sessions ended in dis-
cussions among the famers, often about the poor overall electrical energy supply 
situation that they faced.

In addition to attending regular meetings, the head farmers of the DTRCs paid 
a visit to a village where capacitors had already been used for more than ten years, 
discussing them with the local farmers and looking at pumpsets with installed 
capacitors. This exposure visit appears to have created trust towards the technol-
ogy and helped the farmers better understand the potential long-term effects of 
capacitors (Fig. 7.8).

The social team accompanied the committee meetings until the end of the pro-
ject. Farmers seem to have been satisfied with the procedure overall, but occa-
sionally the social team faced difficulties in motivating them to participate in the 
meetings.

1For illiterate farmers, a project team member read out the constitution and a fingerprint was used 
as a substitute for the signature.

7.2 Implementation Phase
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7.2.5  Cooperation with CESS

Throughout all phases of the project, CESS had been made aware of the com-
ponents and processes involved and assisted SCTI and SEWS with local and 
technical requirements. Further, the project team aimed to bring farmers and 
CESS together into a working relationship characterised by mutual coopera-
tion and understanding. Hence, apart from regular meetings between the CESS 

Fig. 7.7  Farmers and social team conducting the first DTRC meeting. Source Malte Müller

Fig. 7.8  Farmers interacting during exposure visit. Source Julian Sagebiel
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Managing Director and the project team, field visits were also carried out where 
the Managing Director and his assistants visited the studied villages, took motor 
measurements (Fig. 7.9) and discussed problems related to electrical energy with 
the farmers. The first visit, to Namiligundupally, took place in November 2012 and 
resulted in extensive discussions between CESS and the farmers, who mentioned 
various problems they faced with their electrical energy supply; the Managing 
Director assured that CESS would resolve them. After this meeting, the project 
team encouraged farmers to write up letters to CESS, explaining the problems of 
the DTRCs. A template was provided to the farmers, who wrote their letters during 
DTRC meetings. The project team then collected the letters and brought them to 
CESS headquarters in Sircilla.

The second meeting took place in February 2013, serving as the initiation 
of implementation phase II (see next section). Again, the meeting took place in 
Namiligundupally. In light of the problem that had arisen with the original capaci-
tors, new capacitors were introduced by the project team, together with the capaci-
tor manufacturer, CAPCO.

Apart from engaging in the above-described interactions with farmers, CESS 
and the project team agreed to work towards formulating a contract between CESS 
and the farmers. To incentivise long-lasting installation and maintenance of capac-
itors by farmers, CESS agreed to discount their monthly electricity fees by 30 INR 
and an improvement of services from CESS, if farmers agreed to maintain their 
capacitors and take better care of the overall grid at the DTR level by performing 
tasks such as tree cutting and better maintenance of motors. To enable farmers to 
comply with the contract, training sessions for them were conducted by electri-
cians in agreement with CESS.

Fig. 7.9  Metering at a starter box, together with the CESS Managing Director (foreground left 
with glasses). Source Malte Müller

7.2 Implementation Phase
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7.2.6  Major Issues of Phase I

As already mentioned, technical problems emerged in February 2013, as high 
voltage fluctuations led to an overheating of the capacitors. In some instances, a 
capacitor caught fire and destroyed the whole starter box (Fig. 7.10). As this phe-
nomenon happened more frequently, farmers started to disconnect the installed 
capacitors. The technical reasons for these occurrences were never fully under-
stood, so production faults could not be ruled out. The project team decided to 
replace all capacitors with an improved version. The manufacturer, CAPCO, 
agreed to distribute new capacitors at no cost and, in collaboration with the project 
team, designed a new box in which the capacitors were to be placed.

The new box included a miniature circuit breaker and three indicator lights 
for each phase, to signal the health of the capacitor (Fig. 7.11). The project team 
decided to continue with the project only at the Namiligundupally feeder, where 
farmers were more cooperative and because the grid quality there was better 

Fig. 7.10  Burned out starter 
panel. Source Malte Müller
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than at Sanugula. Subsequently, the project duration was extended to June 2013, 
instead of February 2013, with all partners continuing their work to completion. 
Moreover, the evaluation team conducted another round of measurements with 
the new capacitors to make sure that the expected effects were still present and 
reportable.

Installation of the new capacitors began in March 2013 and was completed 
by the end of April 2013. During this time, the social mobilisers continued their 
efforts with DTRC and feeder-committee meetings and, in order to compensate 
the farmers further, the project initiator employed a new team of professional 
trainers to provide training sessions to interested farmers. The whole process 
received positive feedback from the farmers and from CESS.

7.3  Evaluation Phase

7.3.1  Rationale

To capture sought-after technical effects, cBalance initiated the evaluation phase 
during the implementation phase: conducting initial measurements by the end 
of November 2012 and finalising the data collection phase in April 2013. The 
same measurement approach was used for both capacitor models. A team of two 
researchers from cBalance and four local electricians took measurements of sev-
eral technical parameters to estimate the performance of capacitors and water 

Fig. 7.11  Redesigned capacitor box with miniature circuit breaker, used in phase II. 
Source Malte Müller

7.2 Implementation Phase
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flow rates. Specifically, the evaluators focused on studying the following impacts 
related to the adoption of capacitors on overall electrical system performance asso-
ciated with agricultural pumpsets:

•	 power factor at the pumpset and DTR levels,
•	 reactive power at the pumpset and DTR level,
•	 voltage level and imbalance at the pumpset and DTR level,
•	 total apparent power at pumpset and DTR level,
•	 current (amperes) required to operate a given active power load, and
•	 flow rate delivered by pumpsets under identical conditions of power drawn from 

the grid.

The estimated parameters were then used as a basis for a comprehensive analyti-
cal study which sought to ascertain the energy efficiency and energy conservation 
impacts of the capacitors and the economic benefits of the achieved energy effi-
ciency for the utility.

Technical data sheets of individual pumpsets and DTRs before and after con-
necting the capacitors were compared (see Appendix II), in order to observe 
improvements in voltage and power factor. The capacitors had been connected in 
different ways, as detailed in the next section. Since reduction in kVA of a motor 
would imply a reduced load on the DTR, the percentage change in kVA was calcu-
lated as follows:

where kVA1 = kVA before connecting the capacitor and kVA2 = kVA after con-
necting it.

7.3.2  Technical Evaluation Methods

cBalance developed three primary options for studying the relative impact of 
capacitors on improving energy performance—higher voltage, lower reactive 
power, higher power factor—at the pumpset level:

1. Control group method: parallel comparison of energy-performance parameters 
across a control group of pumpsets and motors with no capacitors installed 
and a similar population of ‘intervention’ pumpsets and motors with capacitors 
installed.

2. Sequential method: measuring the energy-performance parameters of pumpsets 
in the intervention group across a chronological series of events, during which 
capacitors are successively connected in a pre-determined order across the net-
work. An improvement in energy performance is then measured across the net-
work to establish the incremental impact of capacitors.

(kVA1− kVA2) ∗ 100/kVA1
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3. Batch-wise method: comparison of energy-performance parameters through 
batch-wise connection and disconnection of capacitors connected to pumpsets 
networked to a specific DTR, in order to demonstrate a ‘before’ and ‘after’ 
impact at the DTR level while maintaining overall system equilibrium.

Since technical effects were presumed to be immediately observable, options 
2 and 3 were preferred. Option 2 would enable measurement of overall system 
improvement as well as the incremental impact of a single capacitor on improve-
ment of power factor at a single pumpset motor. However, guaranteeing stable 
and comparable hydraulic pumping conditions over the extended period of time 
required for such an evaluation is challenging and often precludes this option. In 
the following, options 2 and 3 are explained in greater detail.

7.3.2.1  Sequential Method

It was hypothesised that capacitors connected to a single DTR will exhibit an 
‘incremental’ benefit, which means that adding a capacitor to a single motor not 
only affects the energy-performance parameters of that motor but also affects the 
parameters of other motors and pumpsets connected to the DTR (Kimmich 2013a). 
Furthermore, with the successive addition of more capacitors, the effect of single 
capacitors on other motors’ energy-performance increases. Validating the hypoth-
esis and measuring the incremental and synergistic interaction of capacitors was 
the central emphasis when applying this evaluation method. Capacitors were added 
sequentially to the network in a predetermined order, and the measurement of 
energy-performance parameters of successive motors was conducted in a chrono-
logical manner. The essential condition for this evaluation method was that all 
motors at the DTR should be running unimpeded during the entire time span of 
measurement, with measurements being taken at both the pumpset and DTR levels.

Energy-performance parameters of low-tension transmission lines at the DTR 
level were recorded simultaneously to the readings of each pumpset motor. By 
application of a fixed energy meter, readings at the DTR level were taken every 
30 min throughout the evaluation period to measure the effect of a single capacitor 
on overall system performance; this timing was arrived at by considering that the 
performance of a motor was observed to take approximately 30 min to stabilise 
after connection of a capacitor and restarting of the motor.

Readings at the pumpset level were conducted in the following way:

1. connect the power meter appropriately to the starter box.
2. turn on the motor and wait for 10 min to warrant system stability.
3. take readings of all three phases.
4. turn off the motor and disconnect the capacitor.
5. turn on the motor and wait for 10 min.
6. take readings after an interval of 5 min.
7. repeat the previous step two times.

7.3 Evaluation Phase
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Readings were taken both with and without capacitors to evaluate the change in 
energy performance parameters that occurred due to capacitor installation.

Altogether, this evaluation method enabled the determination of the

•	 overall improvement in the energy performance parameters of the system by 
measuring change in the parameters between the time when no capacitors were 
installed in the network and when all capacitors were installed;

•	 incremental effect of capacitors stemming from the successive addition of 
capacitors in the system by measuring change in the energy performance 
parameters of a single motor; and

•	 effect of a single capacitor and the incremental effect of capacitors on overall 
system performance by measuring the energy performance parameters simulta-
neously at the DTR and pumpset levels.

7.3.2.2  Batch-Wise Method

Complementary to the incremental approach, a batch-wise measurement was used 
to test the aggregated impact of all capacitors on the overall performance of the 
DTR. In the ‘before’ condition, multiple measurements were taken at the DTR 
level, with all capacitors disconnected from their associated motors. Subsequently, 
in the ‘after’ condition, the same readings at the DTR level were taken with all 
capacitors connected to the motors. With this approach, it was crucial to make sure 
that all motors were running during the entire measurement timeframe.

The chronological order of events using this method was

Step 1:  Disconnection of all capacitors in a given DTR network and taking multi-
ple readings after 10 min at the DTR level

Step 2:  Connection of all capacitors in a given DTR network and taking multiple 
readings after 10 min at the DTR level

The major advantage of this method compared to the incremental approach was 
a relatively low expenditure of time and resources. However, assessing the incre-
mental effect of capacitors on the system and incremental effect of capacitors on 
the other motors connected to the same DTR was not possible.

7.3.2.3  Comparison of Methods

The basic ideas of both methods of evaluation and their relative advantages are 
summarised in Fig. 7.12. Although the incremental and the batch-wise method 
were used in the pilot project, the latter one was the evaluation method selected 
as being the most suitable and reliable means for assessing the overall impact of 
the intervention throughout the study. This method led to the most stable ‘before’ 
and ‘after’ conditions and a higher degree of system equilibrium during the meas-
urement time period, compared to the sequential method. Since relatively constant 
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pumping conditions had to be ensured for only a 48-h period in most cases, this 
was easier to achieve as opposed to the week-long study periods required per DTR 
using the other methods. The results obtained through the batch-wise method are, 
therefore, the primary focus of the evaluation presented in this SpringerBrief. The 
results of using the incremental method are documented in an internal project 
report (Gilani 2013) and are available on request from the authors.
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Abstract This chapter provides the main results from the pilot project with 
respect to technical performance and social aspects. Section 8.1 reports summa-
rised results from an evaluation of the project, with technical data indicating actual 
observed improvements in power factor and other important parameters, accompa-
nied by a marginal abatement cost analysis. Section 8.2 is more narrative in form, 
discussing the main observations made by the project team regarding social pro-
cesses and technical implementation.

Keywords Marginal abatement cost curve · Efficient pumpsets · Evaluation ·  
Power factor · Measurement

8.1  Evaluation Results

8.1.1  Pumpset and DTR Measurement Results

In the following, the central technical findings of the evaluation phase are pre-
sented, accompanied by a marginal abatement cost analysis comparing the capaci-
tor’s technological potential to other solutions, such as solar water pumpsets, in 
terms of greenhouse gas (GHG) mitigation and electrical energy savings. For 
assessing the impact capacitors exert on the grid, the batch-wise method was 
selected as the most suitable and reliable one (see Sect. 7.3), as it generated the 
most stable ‘before’ and ‘after’ conditions and a higher degree of system equilib-
rium during the measurement time period as compared to the sequential method. 
Additionally, relatively constant pumping conditions only needed to be ensured 
for a 48 h period with the batch-wise method, which was deemed much easier to 
achieve as opposed to the week-long study period required per DTR for the other 
methods. For the final analysis, four DTRs were selected from the 16 DTRs con-
nected to the Namiligundupally feeder. Figure 8.1 exemplifies the layout of the 
pumpsets of one DTR.

Chapter 8
Results
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Table 8.1 displays representative results from four (out of 16) selected DTRs in 
terms of the readings taken before and after the capacitor intervention. The effects 
presented here derive from the capacitor model used in phase II of the project.

At first sight, the readings do not seem to deliver a clear picture regarding 
points of improvement. Voltage levels remained relatively constant, while changes 
in active power (kW) appeared in both directions. Apart from the NGP II DTR, 
the measured amount of apparent power, as a sum of real and reactive power, was 
reduced at the DTR level. This can be mainly attributed to a reduction in reac-
tive power (i.e. increase in power factor) required to operate a given load from 
pumpsets in the grid. Similarly, no clear pattern can be observed for the system 
current measured at the DTR level.

However, when efficiency measures are considered, a clear pattern emerges. 
The amount of reactive power per active power unit (kVAR/kW) was reduced by 

Fig. 8.1  Map of pumpsets connected to the NGP III DTR

Table 8.1  Before and after intervention readings and efficiency parameters from four DTRs

DTR kW I kVA V kVAR/kW kVA/kW I/kW

KTP I Before 24.70 167.23 29.36 249.74 0.67 1.21 6.86

After 22.96 154.49 25.27 250.25 0.46 1.10 6.84

VTM IX Before 36.90 189.88 47.94 253.61 0.84 1.31 5.13

After 32.24 152.20 37.46 253.94 0.60 1.17 4.78

NGP II Before 61.47 322.56 74.58 231.15 0.69 1.22 5.18

After 70.18 341.20 77.34 227.87 0.47 1.10 4.79

NGP III Before 55.28 313.97 75.41 243.76 0.90 1.37 5.71

After 59.67 280.72 69.68 246.44 0.56 1.17 4.79
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around 30 % on the DTR level following connection of capacitors to all pumpsets. 
The results further translate into a reduction of apparent power per power unit 
(kVA/kW) and also to a reduction of relative current (I/kW), lowering heating of 
lines and capacitors and the risk of burning of distribution lines and appliances.

Energy conservation achieved due to an amalgamated reduction in line losses 
(i.e. lower I2R losses from lower system currents) and reduced reactive power 
ranged from 6.3 to 24.1 %, with a median of 7.1 %. This equated to approximately 
167.3 kWh electrical energy conserved per hp per year. Meanwhile, GHG miti-
gation achieved at the hp level was approximately 0.2 tonnes of carbon dioxide 
equivalents (CO2e) mitigated per hp per year. The monetary benefits to the utility, 
if it is able to sell the conserved energy to industry, is expected to be in the range 
of 1500–1600 INR/hp/year. The total conservation achieved due to the pilot instal-
lation for one feeder is estimated to be 196,801 kWh/year and 179.1 tonnes CO2e/
year, with a potential financial gross benefit of 1.8 million INR/year for the utility, 
not considering installation and maintenance costs.

The potential project benefits for the state to be derived from upscaling this 
intervention are expected to be approximately 1.2 million tonnes CO2e/year of 
GHG mitigation, avoided power generation of about 1337 GWh/year and mone-
tary benefits, through sale of power to industry or commercial entities, of roughly 
12,206 million INR/year (Tables 8.2 and 8.3). These projections are based on the 
following system parameters from Central Electricity Authority (2011, Table 9.3):

1. Total motor hp connected per DTR = 1176.5 hp and
2. Annual agricultural energy consumption for the state = 18,825.02 GWh.

8.1.2  Marginal Abatement Cost Analysis

Comparing capacitor-based energy conservation interventions with other plausible 
demand-side management measures and renewable energy alternatives on a cost–
benefit basis is essential for determining its potential for wide-scale impact at the 
regional, state or national levels.

A marginal abatement cost analysis was conducted for the following demand-
side management measures and off-grid renewable energy alternatives:

1. low efficiency pumpset without capacitors (baseline case),
2. low efficiency pumpset with capacitors (case 1),
3. high efficiency pumpset without capacitor (case 2),
4. high efficiency pumpset with capacitor (case 3),
5. low efficiency off-grid solar pumpset (case 4), and
6. high efficiency off-grid solar pumpset (case 5).

The parameters used for the analysis required in order to devise a marginal abate-
ment cost curve for the above interventions are presented in Table 8.4.

8.1 Evaluation Results
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The consequent marginal GHG abatement cost curve for the alternatives out-
lined earlier is presented in Fig. 8.2.

The marginal abatement cost analysis presented in Tables 8.2 and 8.5 clearly 
identifies the basic intervention of installing relatively low-cost capacitors on 
existing low efficiency pumpsets in the state as being the ‘lowest hanging fruit’ 
option. The approximate capital cost for an average 4 hp pumpset would be 13,000 
INR, including installation costs and capacitor, while the estimated annual energy, 
operating cost and GHG emissions savings per year are estimated to be approxi-
mately 669 kWh, 6022 INR and 0.61 tonnes CO2e, respectively (Table 8.5).

Table 8.3  Values used for state-level marginal abatement cost curve projection

aSource Central Electricity Authority (2011), Table 9.3
bThis GHG assessment is based on an Andhra Pradesh-specific GHG Emission Factor of 0.91 kg 
CO2e/kWh for 2010–2011 for grid electricity. This accounts for the state-specific fuel mix, India-
specific net calorific values (NCVs) for coal as well as the load generation balance data and sta-
tistics of inter-state energy transfer provided by Central Electricity Authority (2011)
cSource http://www.apspdcl.in/ShowProperty/SP_CM_REPO/WhatsNew/Tariff_Order_2013_14, 
p. 178

Parameter Value Units

State agricultural energy consumption 18,825a GWh

GHG emission factorb 0.91 kg CO2e/kWh

Energy tariffc 9.13 INR/kWh

Energy consumption before intervention 2.91 kWh/hp/h

Average annual operation (at 5 h per day for 6 months per year) 912.50 h

Total pumpset capacity in state 7,093,898 hp

Average pumpset capacity 4 hp

Total pumpsets in state of average capacity 1,592,824 Number of 
pumpsets

Discount/interest rate for net present value 8 %

Table 8.4  Parametric values used for marginal abatement cost analysis

Parameter Value Units

Equipment cost: low-efficiency pumpset 3000 INR/hp

Equipment cost: high-efficiency pumpset 6000 INR/hp

Equipment cost: low-efficiency solar pumpset, unsubsidized 125 INR/hp 
(in thousands)

Equipment cost: high-efficiency solar pumpset, unsubsidized 
(assumption: additional efficiency will cost 15,000 INR/hp

140 INR/hp 
(in thousands)

Solar pumpset subsidy 30 %

Low-efficiency pumpset hydraulic efficiency 28 %

High-efficiency pumpset hydraulic efficiency 45 %

Cost of capacitor + miniature circuit breaker + box 933.33 INR/kVAR

Reactive power 0.37 kVAR/hp

Cost of capacitor + miniature circuit breaker + box per hp 342.22 INR/hp

8.1 Evaluation Results

http://www.apspdcl.in/ShowProperty/SP_CM_REPO/WhatsNew/Tariff_Order_2013_14
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While the capacitor addition presents a very lucrative marginal abatement cost 
opportunity of −6412 INR/tonne CO2e abated over a simple payback period of 
0.23 years, the total mitigation potential through this option for the state—approx-
imately 0.97 million tonnes CO2e/year and between 1066 and 1337 GWh/year in 
energy conservation—is modest compared to the other alternatives analysed at a 
macro level.

Compared to the simple capacitor addition, the combination of capacitors with 
a high efficiency pumpset presents an alternative that has equally appealing mar-
ginal abatement costs of −6261 INR/tonne CO2e abated over a simple payback 
period of 0.38 years, along with a significantly higher total mitigation potential at 
6.57 million tonnes CO2e/year and 7226 GWh/year in energy conservation.

Finally, high-efficiency solar pumpsets show the least attractive marginal 
abatement cost value of −4156 INR/tonne CO2e and a longer payback period of 
2.51 years, even after factoring in a 30 % government subsidy. However, they pre-
sent the maximum potential for GHG mitigation at 15.38 million tonnes CO2e/
year and 16,907 GWh/year in energy conservation.

In the above marginal abatement cost analysis, it should be noted that the miti-
gation assessments for capacitors are based on actual field measurements, while 
the values derived for other demand-side measures (including solar pumpsets) 
are based on approximate estimates provided by industry representatives associ-
ated with the specific technologies (high hydraulic efficiency pumpsets and solar 
pumpsets). Thus the results have an inherent uncertainty embedded in them, due to 
the disparity of data sources used for deriving the values shown. In the absence of 
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actually conducting comparable pilot studies with the other possible technological 
interventions, we believe that the method explained above is the best one avail-
able for conducting such an analysis. Consequently, it is recommended that the 
results be seen in this context as indicators of the relative attractiveness of the vari-
ous agricultural energy-related GHG mitigation options, rather than as sources of 
exact marginal abatement cost values for the options described. They are designed 
to serve as decision-support inputs for macro-level policy formulations and would 
require additional pilot testing to yield much more accurate marginal abatement 
cost values of a quality similar to those for the capacitor intervention.

8.2  Observations from the Field

8.2.1  Social Implementation

The social aspect of the pilot project was expected to play a crucial role for the 
project’s success. Hence, an emphasis was put on farmer mobilisation. For this, 
a local social worker and consultant was employed to oversee the project’s over-
all preparation and implementation. Further, the local NGO, SEWS, was given 
responsibility for sound social implementation. This strategy was intended to 
assure that the technical team would not face significant social problems during 
implementation and evaluation. However, after the technical problem of the mal-
functioning capacitors occurred, the cooperativeness of farmers in the Sangula 
area declined sharply—so much so that the social intervention team could not 
manage to restore trust. Yet, the farmers in Namiligundupally remained coopera-
tive, and the overall mood was still positive. The reason for this seemed obvious: 
farmers in Namiligundupally have been participating for more than ten years in 
the local watershed program, working together with SEWS, and hence had more 
trust in the project.

This observation sheds light on the necessity to integrate local actors into 
such projects, as intense and long-term relationships with stakeholders and par-
ticipants are required to build resistance against unexpected and adverse events. 
Furthermore, the observation demonstrates the interaction between social and 
technical factors: such social problems as occurred in Sangula would very likely 
not have arisen if the technical problems had been absent and, conversely, with 
proper social implementation, as in Namiligundupally, technical problems can be 
absorbed. All things considered, the social implementation of the project could 
have been improved. Although the project team put high priority on this, it did not 
make the project resistant to unexpected exogenous shocks such as, in this case, 
the burning of capacitors.
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8.2.2  Technical Implementation

Technical implementation of the project greatly depended on farmer cooperative-
ness. It turned out that the awareness meetings that had been conducted before 
installation were crucial. Many farmers asked critical questions and were, initially, 
rather reluctant to adapt to the technology. With open discussions, however, ambi-
guities were cleared up and reservations overcome. Hence, the support from CESS 
and SEWS turned out to be a key driver for an unproblematic implementation pro-
cess, as SCTI did not face major difficulties from the farmers’ side when installing 
the capacitors.

During installation, however, several unexpected difficulties did occur. Unfavourable 
positioning of the starter boxes, for example, hindered sound installation so that, 
in some cases, it was not possible to install a capacitor at all. Also, capacitor fail-
ure during the process was an issue, with farmers becoming sceptical and some-
times not permitting their re-installation. Most of these problems could be solved 
directly or with help from the social team. During the first months of installation, 
a decent level of learning progress took place. Installing the first capacitors took 
a long time—with only about two per person and day being installed—and some 
safety precautions were not followed by the electricians. When this problem was 
detected, another round of training took place. Consequently, overall performance 
increased and the number of installed capacitors per day was raised to between 
three and five capacitors per person. Thus, by the time of implementation phase II, 
the staff had gained sufficient experience to complete the installation of about 400 
capacitors within one month.

Reference

Central Electricity Authority (2011) All India electricity statistics 2011—general review. New 
Delhi

8.2 Observations from the Field
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Abstract Upscaling of small projects is an important step for reaching  
widespread application and properly capturing estimated effects in terms of 
electrical energy savings and reduced carbon dioxide emissions. In this chapter, 
we discuss alternatives for upscaling of this project in India, including regional 
upscaling (i.e., extend the project to other areas), technical upscaling (i.e., increase 
the number of technologies used), and political upscaling (i.e., give policy rec-
ommendations for regulation reforms that would enable more projects like this). 
Further, we discuss different business models that can be applied to make the pro-
ject financially sustainable.

Keywords Regional upscaling · Technical upscaling · Political upscaling · Business  
models · Regulation reforms in India

9.1  Regional Upscaling

Different plans to upscale the project within and also to other regions were pro-
posed to the involved stakeholders. First, discussions were initiated with CESS to 
install capacitors across the whole CESS region, which would cover about 60,000 
agricultural connections. Further discussions with officials from governmental 
departments, the regulatory commission, and distribution companies indicated 
that the idea to initiate a larger governmental program with capacitors is a realis-
tic option for the future. Another option for regional upscaling models is to incor-
porate the project into existing agricultural or rural development projects. Solid 
demonstration of the effects of capacitors in further studies may help to convince 
stakeholders of the financial viability of this option.

Chapter 9
Upscaling Potential

© The Author(s) 2016 
J. Sagebiel et al., Enhancing Energy Efficiency in Irrigation,  
SpringerBriefs in Environmental Science, DOI 10.1007/978-3-319-22515-9_9
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9.2  Technical Upscaling

Once having established a firm social structure, further technologies can then be 
easily implemented. When the farmers are ready to invest in demand-side man-
agement measures, this can be done without a need for great financial support. 
Once the capacitor solution has been adopted, the following options can be readily 
implemented:

•	 using heavy-duty capacitors for longer life and better reliability;
•	 individually adjusting capacitor rating to improve PF compensation;
•	 placing miniature circuit breakers at each terminal, running from capacitor to 

supply/motor terminals;
•	 installing dry-run preventers to switch motors off when no or insufficient water 

is available;
•	 installing energy meters for each pumpset, for better identification of power 

consumption and fluctuations;
•	 upgrading pumpsets to more efficient ones, including BEE-rated ones;
•	 improving repair service by, for example, training local repair shop personnel 

about better rewinding techniques; and
•	 installing solar photovoltaic systems to backup grid supply.

9.3  Business Models for Upscaling

The field research phase, the social and technical evaluation data, as well as the 
experience and learning gained from the project have enabled the development 
of a business plan. The transaction costs, including training, technology installa-
tion and governance unit formation, can be calculated to derive the profitability 
of the overall project. The business plan can then be utilised by Energy Service 
Companies and other contractors to conduct energy-efficiency improvement pro-
jects. Counterparties to such contractors can be electricity utilities as well as the 
government agencies that ultimately pay for the subsidised electrical energy pro-
vided for irrigation. A share of the saved energy expenses can then be used as rev-
enues to finance the contractor.

9.4  Political Upscaling

Policy briefs and consultations can enable direct communication with responsible 
government units, including energy departments and regulatory commissions, to 
inform them about design of more effective policies for demand-side management 
measure implementation. Such policies can include cooperation with contractors 
for grassroots implementation, due to their expertise in required technologies and 
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entrepreneurial skills. The regulatory framework needs to provide regulations and 
credible commitment for facilitating efficiency-enhancing contracts between con-
tractors and utilities that can be profitable. It remains to be seen, however, whether 
contractors or other organisations are able to create the institutional arrangements 
necessary at the DTR level to facilitate successful coordination of technology 
adoption.

9.4 Political Upscaling



95

Abstract The final chapter of this SpringerBrief summarizes the project details 
and outcomes. It briefly discusses further steps that farmers, utilities and govern-
ments could undertake to increase energy efficiency in agriculture, thereby reduc-
ing electrical energy consumption and CO2 emissions.

Keyword Andhra Pradesh · Energy efficiency in agriculture · Capacitor ·  
Rural development · Groundwater irrigation

This Springer Brief has been divided into two parts. Part I gave general back-
ground information on the power sector in India, issues inherent to agricul-
tural electrical energy supply, options that could be expected to mend or at least 
improve the current situation, and an overview of ongoing and recent projects. The 
purpose of this part was to introduce readers to the topic, make them aware of 
the complexity of the problem and demonstrate why, until now, no “way out” of 
the vicious circle of agricultural electrical energy supply has been found in India. 
Furthermore, the authors also aimed at providing enough background information 
so that a general readership can understand the issues raised in Part II.

Part II summarized the implementation of a pilot project for improving energy 
efficiency in Indian agriculture. The research phase started in 2008 and a first pro-
ject design was developed in 2010. From 2011 to 2013, a project consortium from 
different fields, including social scientists and economists as well as technical 
experts, implemented and evaluated the project. The main idea of the project was 
to bring an inexpensive yet effective technology to the (agricultural) field, observe 
how well it operates, how it gets accepted by farmers and under what conditions 
it fails. The technology of choice was the application of shunt capacitors directly 
installed at each load, meaning the motors of water pumpsets used for groundwa-
ter irrigation. To complement the technical approach, social interventions took 
place through which farmers were motivated to form groups at their respective 
distribution transformers to better manage the technology adoption and issues on 
DTR level.

Chapter 10
Conclusions and Outlook

© The Author(s) 2016 
J. Sagebiel et al., Enhancing Energy Efficiency in Irrigation,  
SpringerBriefs in Environmental Science, DOI 10.1007/978-3-319-22515-9_10
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In this part, the pilot project was introduced through a detailed description of 
project partners, stakeholders and the location chosen for implementation. Then, 
the aims and rationale of the project were explained, as were the reasons why 
capacitors were chosen: first, they would be affordable to the farmers; second, they 
could be installed rather easily with help from local mechanics; and, third, they 
would benefit both the local utility and the farmers. The utility would benefit from 
reduced line losses, increased power factor at substation level, less energy con-
sumption by agricultural users and reduced repair costs for burned-out distribution 
transformers. Farmers would be able to take advantage of better voltage levels, 
leading to a reduced number of distribution and motor burnouts and, in some 
cases, increased water flows.

To better understand how the project was implemented, each step was 
explained in detail. The first, preparatory, phase had been concerned with selection 
of partners, technology and location. Two workshops had been conducted where 
experts discussed different strategies for implementation. The choice of feeders 
was the result of one month of research, including data collection at all feasible 
feeders and, eventually, a ranking was produced to select the most appropriate 
feeder. The choice of capacitors followed a similar procedure. Different capaci-
tor manufactures were contacted and, based on certain criteria, one company was 
chosen. As already mentioned, the implementation phase included social and tech-
nical interventions, during which the capacitors were installed and farmers groups 
established. Farmers had been continuously briefed on the project’s status and 
made aware of the benefits of capacitors. After installation, farmer committees 
were founded. Farmers received training, conducted regular meetings, interacted 
with the utility and recorded important variables from the field, including number 
of motor burnouts. As there had been problems with the first batch of capacitors, 
and it turned out that the capacitors could not withstand the heavy voltage imbal-
ances, all capacitors were replaced with a better model and protected with addi-
tional safety and monitoring equipment.

The performance of the new capacitors was then evaluated via an extensive 
measurement process at selected DTRs, with results indicating an increased power 
factor of about 16 %. A marginal abatement cost analysis subsequently revealed 
that capacitors are very likely the most cost-efficient solution for saving on electri-
cal energy and GHG emissions, but the total potential is limited, as overall savings 
are not as great as with other technologies.

Finally, the potential for upscaling was discussed, aiming towards extending the 
project’s findings to the whole working area of the Co-operative Electric Supply 
Society Sircilla, Ltd. and again evaluate them. Furthermore, it was suggested that 
other more-advanced technologies could also be tested and evaluated. At bot-
tom, the long-term aim should be to find a holistic approach that can have lasting 
effects on energy quality and consumption as well as on CO2 emissions yet with-
stand expected social, political and technical problems that may arise.
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Voltage (V) Voltage is the force/pressure in the circuit which drives the Electrons. 
It is measured in Volts (V). The voltage that we are dealing with for pumpsets 
under Namiligundapally and Sanugula feeders are 3 phase 3 wire 440 V system.

where V = Voltage, I = Current, Z = Impedance

Current  Current is defined as the rate of flow of charge. It is measured in 
Amperes (A). The amount of current drawn from the source will depend on the 
connected Load.

Power Factor Power Factor is defined as the ratio of Real Power to Apparent 
Power. It is also defined as the cosine of angle between Voltage and Current. 
Generally

Power Factor = Real Power (Watts)/Apparent Power (VA)
Power Factor = Cos (angle between V and I)

Power Power is defined as the amount of energy used or converted per unit time. 
It is measured in Joules/sec (J/s) or Watts (W).

where V = Voltage, I = Current, θ = Angle between V and I

V = I × Z

Real Power = V × I × cos θ

Reactive Power (kVAR) = V × I × sin θ

Apparent Power = V × I

Appendix I  
Technical Parameters
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Energy The capacity to do work is called Energy.

Impedance (Z) Impedance is the AC-circuit equivalent of Resistance (used when 
addressing DC circuits). It is defined as the magnitude of resistance to current flow 
in a circuit when a voltage is applied. It is measured in Ohms (Ω).

Impedance is markedly different from resistance as it includes the conventional 
‘resistive’ aspect of DC circuits and adds to two additional effects which resist 
current flow—resistance from self-induced magnetic fields generated by voltages 
in the circuit (called inductance), and the resistance from electrostatic charges 
stored by voltages between conductors (known as capacitance). The sum of these 
is called ‘reactance’. Impedance then is the vector sum of these two quantities—
resistance and reactance.

The primary energy conservation and GHG emissions reduction impact of 
reduced reactive power in distribution systems materializes in the form of reduced 
energy generation required to supply a given amount of ‘real’ power. Reduced 
reactive power reduces the amount of current required to be carried in the sys-
tem to deliver a given quantity of active power (kW). This reduced current reduces 
the line losses (due to resistance of the conductor) from the system which thereby 
conserves the consumption of fuel at a generation station. The relationship is 
shown below:

where,

L = Length of Conductor
A = Area of cross section of Conductor
r = Resistivity

where,

I = current per conductor or phase (A)
R = resistance per conductor or phase (Ω/km)
L = length of each segment (km)

Z =
V
/

I

Power Generation (kW) = Resistive Line Losses (kW)

+ Delivered Active Power (kW)

R = r × L
/

A

Resistive Line Losses (W) = 3× R× L × I2

Conservation % =

I2Rcons.DTR

(kWDTR + I2RDTR)× Hoursannual energy supply
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where,

I2R cons.DTR = DTR level I2R reduction(kW)× Hoursannual energy supply  
kWDTR = active power generation required at plant to power DTR (excludes reactive 
energy)
I2RDTR = total losses related power generation required at plant to support trans-

mission and distribution losses
Note: Hoursannual energy supply,i assumed to be equal to 912.5 h for all pumpsets

where,

L = length of wire (km)
R = conductive resistance (Ω/km)—per phase
I = current (amps)—per phase

Voltage Drop =

√

3× L × R× I
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B. Constitution Distribution Transformer Committee 

§ 1 Name of the DTRC

The committee is named after the DTR name:______________________

§ 2 Purpose

The purpose of the committee is to improve and maintain the electricity supply 
quality in order to reduce costs. The core aim of the DTRC is to work towards a 
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contract with CESS. The DTRC commit itself to improve power factor of DTRs 
and reduce DTR burn outs. In turn CESS will grant a discount of the monthly 
connection fee of 75 % to all active members of the DTRC. In the long run all 
illegal connections shall be regularized and motors shall not be overrated. Apart 
from this, side activities shall be considered. These may include training on how 
to maintain a capacitor, how to maintain a motor, where to rewind. Also, activities 
not related to electricity can be included on a voluntary basis like improved irriga-
tion techniques, savings groups, collective marketing and input buying, extension 
etc.

§ 3 Group Formation (General Body)

To participate in the DTRC, all farmers connected to the respective DTR (20–30 
farmers) are eligible. All members shall have at least one water pump and are 
dependent on groundwater Irrigation. Farmers, who are connected to other DTRs 
shall not participate in this DTRC. The members of the DTRC are collectively 
responsible for maintenance of DTRs. The contract with CESS shall be fulfilled 
by the farmers, and all farmers should be aware of their rights and duties before 
group formation. The DTRC shall select representatives (Managing Body) and 
these representatives shall fulfill certain roles.

§ 4 Managing Body

The managing committee shall consist of the President, Secretary and Treasurer. 
Managing Body shall have power to appeals and raise funds and fulfill and for-
malities incumbent upon it.

§ 4.1. President He/She shall be in overall charge of the committee and the 
general body meetings. All the policies and programs shall be formulated and 
implemented only through him/her. He/She shall operate a bank account jointly 
with the Treasurer. The President of a committee has four main elements to his/her 
remit as follows:

•	 Assisting with the managerial direction of the DTRC
•	 Planning and running meetings
•	 Acting as spokesperson/figurehead
•	 Communicate with the Feeder Committee

§ 4.2. Secretary He/She shall call for all general body meetings as and when 
deemed necessary and the General body meetings and the Special body meeting as 
per the rules with the previous approval of the president and maintain the minutes 
of meeting (MoM) book and record of all the proceedings of the meetings. He/She 
shall be the correspondent of the committee and shall be in-charge of the office 
with all the record of the DTRC. He/She shall be the custodian of all articles and 
belonging both movable and immovable of the committee. The Secretary's main 
responsibilities are:

•	 Supporting the administration of the DTRC
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•	 Facilitating and supporting DTRC meetings
•	 Together with the President, correspond with the Feeder Committee

§ 4.3. Treasurer The Treasurer has the day-to-day responsibility for looking after 
DTRC’s money. However the DTRC as a whole is responsible for deciding how 
funds will be raised and spent. His/her job is to keep accounts, collect ingoing 
and outgoing receipts and report to the committee. He/She shall operate bank 
account jointly with the President. The Treasurer also has three main areas of 
responsibility:

•	 Keeping an overview of the finances of the DTRC
•	 Reporting into DTRC meetings
•	 Making sure the DTRC has the right financial policies and procedures in place

§ 5 Technical Assistant

The technical assistant should be selected based on his (electro) technical skills. 
He should be aware of general principals of motors, pump sets, capacitors and 
DTRs. Further he should participate in regular technical training sessions held at 
the Pilot Project Committee. He should consult his fellow farmers in technical 
problems and carry out small repair works. He shall get additional payment based 
on his works done to other farmers. His main tasks are:

•	 Overviewing the technical health of the DTR and LT grid
•	 Assisting his fellow farmers with technical problems
•	 Participating in regular trainings
•	 Maintaining technical record (log book)
•	 Communicate with Feeder Committee on technical topics

§ 6 Bank Account

The DTRC will open a separate bank account for all ingoing and outgoing pay-
ments from and for the members. The bank account shall be overviewed and main-
tained by the Treasurer and the Secretary or the Treasurer and the President.

§ 7 Roles of DTRC Members

Committee members are responsible for stimulating and instigating discussion 
with other farmers regarding future activities. Each DTRC member is responsible 
to maintain his capacitor and to maintain the DTR as per the instructions by the 
technical assistant. Each member shall spend at least two hours per week with vol-
untary work to maintain the DTR. He shall follow the instructions by the technical 
assistant. Each member shall actively participate in the regular DTRC meetings 
and provide necessary data to the MoM as per instructions of the secretary. His/
Her roles are:

•	 Actively participate in DTRC meetings
•	 Provide data to the Minutes of Meeting
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•	 Maintain his capacitor as instructed by technical assistant
•	 Offer some of his work time to maintain the DTR

§ 8 Meetings

Meetings are the core ground of the DTRC. The meetings should include train-
ing sessions, social and technical presentations, and general discussion. All meet-
ings shall be documented in the Minutes of Meeting (MoM). The DTRC shall be 
equipped with a MoM book.

§ 8.1. Frequency of Meetings Regular meetings shall be held monthly once. 
Occasionally, it may be necessary to call an extraordinary meeting of the DTRC. 
It is important to note that the purpose of an extraordinary meeting must be clearly 
stated when the request for it is made. The agenda for the meeting should only 
contain papers directly relevant to the issue(s) under discussion. The meeting is 
not asked to approve minutes, deal with matters arising, nor will discussion of 
other issues be allowed

§ 8.2. Duration The duration of the meeting should be one hour. It can be 
extended if necessary.

§ 8.3. Timings The meetings should take place in the morning.

§ 8.4. Venue A common meeting place can be suggested by DTRC.

§ 8.5. Topics discussed The topics discussed shall be based on the MoM. The 
agenda will be prepared by NGO staff and president. Each meeting shall include:

•	 Training session (Technical staff)
•	 Social Presentation (NGO staff)
•	 Technical Presentation (Technical staff)
•	 Discussion
•	 Documentation

§ 8.6. Minutes of Meeting DTRC Secretary is responsible for distributing hard 
copies of the MoM to committee members.

§ 8.7. Quorum The quorum of the meeting shall be 1/3rd of the total membership 
of the committee.

§ 8.8. Collection of fees The treasurer shall collect the fees from all members at 
the beginning of the meeting.
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§ 9 Fees

An amount of Rs. 50/- per month from each farmer is suggested but can be 
increased or reduced by the farmer. The fees will be maintained by the trea-
surer and used for general DTRC expenses, common repair work and savings. 
Additionally a yearly fee of Rs 100/- for maintenance of the DTRC should be paid 
by the members.

•	 Yearly Membership fees Rs. 100/-
•	 Monthly saving Rs. 50/-

§ 10 Election

Voting shall be conducted by show of hands or secret ballot. Managing Body 
member shall undertake the role for a minimum of one year, with each member 
to have the option of re-nominating following completion of the term. To retain, 
appoint, promote, and dismiss any member for managing and functioning of the 
DTRC.

§ 11 Support

Support to the DTRCs and farmers will be available through ITI guys for technical 
issues and SEWS for social related issues.

§ 12 Illegal Connections

The DTRC shall aim to reduce the number of illegal connections. The DTRC 
members shall openly discuss the issue of illegal connection and shall find ways to 
regularize them. This process shall take no longer than one year after formation of 
the DTRC.

§ 13 Relationship with Feeder Committee:

The Feeder Committee is the head organization of the DTRC. The DTRC shall 
provide some financial contribution to the Feeder Committee. The Managing Body 
shall participate in regular Feeder Committee meetings and contribute to the dis-
cussion. The Feeder Committee shall be also the body for complaints that cannot 
be solved in the DTRC.

§ 14 Relationship with the Pilot Project Committee

The Pilot Project Committee (PPC) is the head organization of the Feeder 
Committee. The DTRC is related to the PPC through the Feeder Committee. 
DTRC managing body shall participate in any PPC meetings and the DTRC shall 
obey the decisions taken by the PPC. The PPC shall be also the body for com-
plaints that can neither be solved in the DTRC nor in the Feeder Committee.
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