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Abstract
Lowering prices of solar panels has made solar pump technology more attractive for policymakers,
technicians, and users. In an effort to reduce the issues related to poor electricity grid conditions,
the low financial health of government-owned electricity companies, and high subsidy burdens, the
Government of India has made a big push through subsidy-driven policy for the broad
implementation of solar pumps for irrigation in India. In this study, it is found that the
implementation of solar pumps creates beneficial effects for the energy and food sectors, while the
water sector experiences increased water use, creating and exacerbating overexploitation issues of
groundwater. A stakeholder analysis is performed, and the Government of India is found to be a
strong central actor, with a large influence on the stakeholder network surrounding solar pumping.
Water conservation is not a focal point for the Government of India due to the dominant
engineering perspective which is shared among government bodies, a general lack of
interdepartmental coordination, and a lack of broad perspective on the interactions between the
water, energy, and food sectors. A situation has formed with limited and intentionally restricted
interactions between the Government of India and other stakeholders such as NGOs and research
agencies, and low participation of users in decision-making processes. Combined with a restricted
set of policy options and a lack of functioning solar pump market, these factors cause an imbalance
in the attention paid to the effects of solar pump implementation on the water, energy, and food
sectors in India.

Keywords
India, WEF-nexus, Stakeholder analysis, Stakeholder network, Solar pumps, Groundwater
irrigation, Water conservation

Page | IV

Contents
Research background ......................................................................................................... II
Acknowledgements ............................................................................................................ III
Abstract .............................................................................................................................. IV
Table of acronyms........................................................................................................... VIII
Table of figures .................................................................................................................. IX
1)

Introduction .................................................................................................................. 1
1.1) Background ........................................................................................................................................ 1
1.2) India as the area of focus ..................................................................................................................... 2
1.3) Phenomenon ....................................................................................................................................... 4
1.4) Research specifics................................................................................................................................. 5
1.4.1) Problem statement ................................................................................................................. 5
1.4.2) Research objective .................................................................................................................. 5
1.4.3) General research question..................................................................................................... 5
1.5) Structure............................................................................................................................................. 5

2)

Methodology ................................................................................................................. 6
2.1) General methodology ........................................................................................................................... 6
2.2) Interviews ........................................................................................................................................... 6
2.2.1) Interviewee selection ............................................................................................................. 6
2.3) Literature ........................................................................................................................................... 6
2.4) Methodology per specific research question ............................................................................................ 7

3)

Conceptual framework .................................................................................................. 8
3.1) Water-energy-food nexus (WEF-nexus) .............................................................................................. 8
3.1.1) Sector definitions.................................................................................................................... 8
3.2) Research concepts ................................................................................................................................ 8
3.2.1) Social Network Analysis (SNA) ........................................................................................... 8
3.2.2) Translation .............................................................................................................................. 9
3.3) Use of conceptual framework ............................................................................................................. 10

4)

Stakeholder analysis .................................................................................................... 11
4.1) Introduction ...................................................................................................................................... 11
4.2) Government of India ......................................................................................................................... 11
4.2.1) Ministries ............................................................................................................................... 11
4.2.2) DISCOMs ............................................................................................................................. 12
Page | V

4.2.3) Central Ground Water Board and Authority ................................................................... 12
4.3) Research agencies .............................................................................................................................. 13
4.4) Private companies ............................................................................................................................. 14
4.5) NGOs ............................................................................................................................................. 14
4.6) Farmers............................................................................................................................................ 15
5)

Prioritisation of sectors ............................................................................................... 16
5.1) Introduction ...................................................................................................................................... 16
5.2) Effects of solar pumps on the energy sector .......................................................................................... 16
5.2.1) The financial situation of the governmental energy sector ............................................ 16
5.2.2) National oil imports ............................................................................................................. 16
5.2.3) Climate goals and emissions ............................................................................................... 17
5.3) Effects of solar pumps on the food sector ............................................................................................. 17
5.3.1) Reliable energy source ......................................................................................................... 17
5.3.2) Access to irrigation............................................................................................................... 17
5.3.3) Food quantity and quality ................................................................................................... 17
5.3.4) Economics of solar pumps ................................................................................................. 18
5.3.5) Economic inequality ............................................................................................................ 18
5.4) Effects of solar pumps on the water sector ........................................................................................... 20
5.4.1) Current groundwater status ................................................................................................ 20
5.4.2) Energy availability ................................................................................................................ 20
5.4.3) Water conservation incentives............................................................................................ 21
5.5) Promotional policies and criteria ........................................................................................................ 21
5.5.1) Goals of policy implementation ......................................................................................... 21
5.5.2) Types of policy models and addressing criteria ............................................................... 22
5.5.3) Policy model summary ........................................................................................................ 23
5.6) Prioritisation findings from interviews ................................................................................................ 24
5.7) Prioritisation conclusions ................................................................................................................... 24

6)

Stakeholder factors affecting sector prioritisation ...................................................... 26
6.1) Introduction ...................................................................................................................................... 26
6.2) Internal governmental factors ............................................................................................................. 26
6.2.1) Engineering perspective and conservation of resources ................................................ 26
6.2.2) Control and responsibility ................................................................................................... 27
6.2.3) Interdepartmental coordination ......................................................................................... 28
6.3) Interactions with other stakeholders ................................................................................................... 29
6.3.1) NGOs and licencing ............................................................................................................ 29
6.3.2) Link to research .................................................................................................................... 30
6.3.3) Public awareness and participation .................................................................................... 31
6.3.4) Solar pump market ............................................................................................................... 32
6.3.5) Policy opportunities ............................................................................................................. 33

Page | VI

7)

Discussion ................................................................................................................... 35
7.1) General notes on methodology ............................................................................................. 35
7.2) Methodology and stakeholder identification ....................................................................... 35
7.3) Use of language in interviews ................................................................................................ 35
7.4) Effects of online interviews ................................................................................................... 35
7.5) Missed or insufficiently interviewed stakeholders .............................................................. 35
7.6) Suggested methodological improvements ........................................................................... 36
7.7) Influence of national perspective .......................................................................................... 36
7.8) Literature findings ................................................................................................................... 36
7.9) Role of NGOs in conservation ............................................................................................. 37
7.10) Use of WEF-nexus view ...................................................................................................... 37
7.11) Relating to other research .................................................................................................... 38

8)

Conclusions ................................................................................................................. 40
8.1) Recommendations ................................................................................................................................ 40

9)

Bibliography ................................................................................................................ 42

10)

Annex ......................................................................................................................... I

I.

Interviewee background data .................................................................................................................I

II.

Interview question structure ................................................................................................................. II

Page | VII

Table of acronyms
Acronym

Full meaning

ANT
CGIAR
CGWA
CO2
DISCOM
FCRA
FIT
GIZ
IBRD
IISD
IREDA
IWMI
JNNSM
MNRE
MoEFCC
NABARD
NGO
NOx
pers.comm.
PV
SKY
SNA
SNAs
SO2
SOPPECOM
SPaRC
SPIS
SPVWP
USD
WEF

Actor-Network Theory
Consultative Group on International Agricultural Research
Central Ground Water Authority
Carbon dioxide (gas)
Government-run power distribution companies
Foreign Contribution Regulation Act
Feed-in tariff
Deutsche Gesellschaft für Internationale Zusammenarbeit
International Bank for Reconstruction and Development
International Institute for Sustainable Development
Indian Renewable Energy Development Agency
International Water Management Institute
Jawaharlal Nehru National Solar Mission
Ministry of Renewable Energy Resources
Ministry of Environment, Forest and Climate Change
National Bank for Agriculture and Rural Development
Non-governmental Organisation
Combination of nitric oxide (NO) and nitrogen dioxide (NO2) gasses
Personal communication, in reference to an interview
Photo-voltaic
Suryashakti Kisan Yojana (pilot project)
Social Network Analysis
State Nodal Agencies
Sulfur dioxide (gas)
Society for Promoting Participative Ecosystem Management
Solar power as a remunerative crop
Solar Pump Irrigation System
Solar Photovoltaic Water Pump
United States Dollar (currency)
Water-energy-food (nexus)

Page | VIII

Table of figures
Figure 1: Well locations and depths for India (Dangar, 2021). Every dot represents a well. ............ 2
Figure 2: Map of positive and negative trends in groundwater in India between 1996-2015 (Bhanja,
2019) ............................................................................................................................................................... 2
Figure 3: Solar radiation in India in kWh per square meter in different parts of the country (Garud,
2009) ............................................................................................................................................................... 3
Figure 4: Growth of the number of solar pump units in India (GVR, 2016) ..................................... 4
Figure 5: Visual representation of the conceptual framework ............................................................. 10
Figure 6: Modelled changes in water consumption (WC) after implementation of solar pumps, as
calculated by (Gupta E. , 2019) ................................................................................................................ 20
Figure 7: Modelled change in annual water consumption for adopters and non-adopters of solar
pumps in different Indian states (Gupta E. , 2017)............................................................................... 20

Page | IX

1)

Introduction

1.1) Background
For many areas in the world, groundwater is an important source of water for industrial, mining,
domestic, and agricultural sectors. 38% of the area used for agriculture worldwide is equipped for
irrigation by groundwater (Siebert, 2010). In India, the percentage of agricultural area dependent
on groundwater irrigation is as high as 50% (Singh D. K., 2002). Groundwater use has many
advantages; it is available almost everywhere, with the depth and thickness of the aquifer depending
on the geology in the area. It is a flexible source, as water stored in wetter seasons can be available
for extraction from the aquifer in dryer seasons. In general, the quality of groundwater is high,
especially compared to the quality of surface water in populated areas. A strong restriction on the
use of groundwater is sustainability. As it is readily available in many areas, the amount of water
that is extracted is hard to quantify due to many small-scale extractors and a general lack of metered
connections. Additionally, to ensure the risk of overextraction is minimal, a balance needs to be
struck between recharge and extraction. For assessing recharge, a lot of data is needed (Closas,
2017). This data is often unavailable and hard to produce. The relationship between recharge and
depletion of groundwater resources is therefore largely unknown (Gleeson, 2012). Groundwater
use has transformed from an alternate source strategically used in times of scarcity to a base source
exploited systematically in an unregulated manner (Molle, 2018). Overexploitation has reduced
groundwater availability in many areas globally and it is estimated that “1.7 billion people live in
areas where groundwater resources and/or groundwater-dependent ecosystems are under threat”
(Gleeson, 2012, p. 197). Lowering groundwater tables can have severe environmental effects such
as a reduction in water supply, saline water encroachment, drying of the spring and shallow aquifers,
reduction in free flow, and even local subsidence (Singh D. K., 2002). Besides the environmental
effects having an impact on the inhabitants of an affected area, the reduction in availability affects
all users of groundwater, specifically farmers using groundwater for irrigation.
The higher occurrence of extreme weather events in the future can increase drought frequency and
severity (Malhi, 2021), leading to higher dependence on groundwater resources. These trends are
expected to increase in severity over the coming years. Combined, groundwater overexploitation,
food production increases, higher welfare, and climate change can lead to issues with the balance
between water, energy, and food use, where the water sector is at risk of being overexploited to
cater to the growth in food production and increase in access to energy. To prevent and combat
these issues, sustainable intensification of agriculture is needed. Sustainable intensification contains
two objectives: feeding the world’s population and “living within boundaries of biophysical
processes that define the safe operating space of a stable and resilient Earth system” (Rockström,
2017, p. 4). The Earth system can only provide a limited amount of resources over time. To
sustainably intensify agriculture, these limits need to be respected to prevent irreversible shifts in
environmental conditions and to ensure agricultural productivity. By increasing the use of
renewable sources of energy, the pressure on these limited resources can be reduced.
Solar energy is the most abundant source of renewable energy. Utilizing solar energy has no directly
harmful effects on ecosystems, and the source is non-exhaustible. As it is now easily affordable and
applicable, it is an effective source of energy (Kannan, 2016). In addition to solar energy in general,
the drop in price of photovoltaic (PV) panels is often mentioned as one of the main drivers of the
expansion of solar pump technology (Kishore A. S., 2014; Shah T. R., 2018). As diesel fuel has
become more expensive and solar less, solar pump technology has become increasingly attractive

to decision-makers, technicians, and users. The technology consists of a photovoltaic panel
connected to an electric pump which is in turn connected to a water source. When the panel
receives direct sunlight, it produces electricity, which is used to power the pump. It has the potential
to provide solutions for energy poverty, reduce greenhouse gas emissions, and provide energy to
areas where grid connections are unavailable (Shahsavari, 2018). Governments of various countries
have started implementing subsidy schemes, financial incentives, and promotional policies to
increase the number of PV pump systems in use (Shah T. R., 2018).

1.2) India as the area of focus
India is the second-most populous country in the
world, with 1.38 billion people in 2020, and has a
yearly population growth of about 1% (The World
Bank, 2021; The World Bank, 2021). This means
there is an increasing number of mouths to feed in
areas where crop yields are generally low compared
to other regions of the world (Ritchie, 2013).
Of all the countries that extensively use groundwater,
India is the most suitable area of focus for this
research. Firstly, India has the largest area equipped
for groundwater irrigation in the world, with 50.8
million hectares (Bassi, 2018). The country is
followed by China (19 million ha) and the United
States (17 million ha) which both have less than half
the area irrigated by groundwater (Siebert, 2010).
60% of the food production in India is dependent on
groundwater (Singh D. K., 2002). A large system of
tubewells exists to supply farmers with water, see
figure 1 (Dangar, 2021). Because of this, many Indian
farmers have experience with using groundwater for
irrigation, primarily through liquid-fuelled or electric
grid-connected pumps. The groundwater conditions
differ per area, with some areas experiencing rising
groundwater levels while other areas experience
dropping groundwater levels (Bhanja, 2019). This is
illustrated in figure 2. Groundwater governance in
India is very challenging because of this variability
(Shah T. R., 2018). When types and water availability
per area vary, the challenge of governing solar
pumping and groundwater intensifies, as specific
contexts can differ substantially between areas.
Combined with the lack of advance planning for
solar pump promotion (Rathore, 2018), protecting
groundwater resources through policy in India is
challenging.

Figure 1: Well locations and depths for India (Dangar, 2021).
Every dot represents a well.

Figure 2: Map of positive and negative trends in
groundwater in India between 1996-2015 (Bhanja, 2019)
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Because of India’s limited (in time and space) electricity grid, and the lack of economic viability of
expanding it to rural communities (Ramos, 2009), it is also a large user of small-scale liquid-fuelled
pumps for agricultural irrigation. A large number of electric pumps are connected to the electricity
grid of India. The electricity used for agricultural groundwater pumping is often heavily subsidized
(Bassi, 2018). The electric grid in India is generally in a poor state: the transport and distribution
losses are more than 20% of the generated electricity, more than double the world average
(SolarPower Europa, 2020). Farmers get rationed electricity for pumping from the grid for a couple
of hours per day. This rationing of electricity is used as a tool for governing electricity use (Scott,
2014).
To rapidly expand the irrigated area in India as part of the green revolution, agricultural
groundwater pumping was strongly incentivised in the 1970s. A large number of new, metered
wells were created, and farmers received bills based on the amount of pumping performed and
electricity used. Combined, the cost of metering and the collision between farmers and meters
made bill collection difficult. Most of the electricity boards decided to implement a flat tariff,
meaning the height of the electricity bill remained identical for each farmer no matter the amount
of pumping performed (Mukherji, 2020). This flat tariff mainly applies to pumping for agricultural
water use, as businesses and households do pay per kilowatt-hour (Weeda, pers.comm., 2021). It is
shown that switching to a flat tariff made farmers pay 30-50% less for their water and that the
pumping hours of tubewells increased (Kolavalli, 1994). Villages in Gujarat on average had 6
electric tubewells per village, but since the implementation of flat tariffs, this has increased to an
average of 66 per village (Shah T. R., 2021). Farmers are a politically strong group in India (Magal,
pers.comm., 2021), and stand strong in demanding low, flat pumping tariffs.
In India, the electrical generation and distribution companies (DISCOMs) are government-owned.
The current electricity tariffs do not reflect the real cost of electricity, which leads to large financial
losses for electricity companies in India (Magal, pers.comm., 2021). These losses are estimated to
be ₹90000 crores (~12 billion United States dollars (USD)) in total (Regy, 2021). This results in the
situation that DISCOMs are generally economically unsustainable in India. This has led to poor
upkeep and quality of infrastructure, and in turn to low quality and reliability of electricity supply.
The electric companies require heavy financial support from the government to operate (Mukherji,
2020).
For solar pumps to function properly, high and
reliable solar radiation is needed. Figure 3 shows
daily radiation averages for India. In general, India
receives large amounts of solar radiation
throughout the year, especially in the Rajasthan
and Gujarat states. This is beneficial for the
potential of solar pumping in India. It is mentioned
that global horizontal radiation “of India is more
than sufficient for the growth and development of
SPVWP (Solar Photovoltaic Water Pump) systems”
(Rathore, 2018, p. 387).

Figure 3: Solar radiation in India in kWh per square meter
in different parts of the country (Garud, 2009)

Combined, the existing use of and experience with
groundwater, the physical availability of
groundwater in Indian soils, the experience with
electric grid pumps, as well as the amount of solar
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radiation in India, make it one of the countries in the world most suited for solar pumping
technologies. Solar pumping is a technology currently being implemented in India to intensify
agriculture sustainably by reducing greenhouse gas emissions from the agricultural sector. Policy
initiatives regarding the expansion of solar energy have become widespread over the last few years.
Solar irrigation pumps in India are mentioned as causing a revolution, being a superior alternative
to diesel pumps, reducing oil imports, and offering more reliability than grid electricity (Shah T. R.,
2018).

Figure 4: Growth of the number of solar pump units in India
(GVR, 2016)

Policy in India is heavily set to increase the use of solar
power in various forms, for irrigation, rooftop
generation, and solar thermal systems. Under these
policies, government ministries combined with statelevel institutions offer capital costs subsidies on solar
pump systems. This goes up to 86% in the state of
Rajasthan, the largest solar pumping state in India
currently (Kishore A. S., 2014). So far, hundreds of
thousands of solar pumps have been installed in India
(Mukherji, 2020), many of them replacing diesel pumps
(Rahman, pers.comm., 2021). Partially because of these
schemes and incentives, the number of solar pumps in
India is projected to grow to 1 million in 2022 (GVR,
2016). This exponential growth is shown in figure 4.

1.3) Phenomenon
Many beneficial effects for the energy and food sectors are found in studies regarding solar pumps.
Solar pumps are concluded to be more economical over their lifetime (Wong, 2019), reduce subsidy
burdens for electrical companies when replacing grid electric pumps (Mukherji, 2020), and reduce
carbon emissions of the agricultural sector in India (Gupta E. , 2019), increase food production
and diversity (Agrawal, 2016), and reduce the oil import bill for the government (Shah T. R., 2018).
There is evidence and research that supports these positive effects, and they are the primary reasons
solar pumps are so heavily promoted in India (Verma S. , pers.comm., 2021). More regarding these
effects on the different sectors is discussed in chapter 5.
A knowledge gap, however, is the effect of the current promotional strategies and policies regarding
solar pump implementation on the usage of solar pumps, and therefore the quantity of groundwater
used for agriculture. Quantifying groundwater recharge and extraction rates is a big challenge,
especially when data is missing and most wells are unmetered, which is the case in India (Mukherji,
2020). Stakeholders promoting solar pumps have focussed on the proven positive effects of solar
pumps on the energy and food sector. There are several studies expressing concern regarding the
impact of solar pumps on the quantity of water used for agriculture, and the impact on groundwater
resources (Closas, 2017; Gao, 2013; Rathore, 2018). The concern regarding the implementation of
policy is that it will incentivise using solar pumps in an unsustainable way that will only further the
interests of a couple of stakeholders, and may damage small-scale farmers, nature, and agricultural
production through the overexploitation of groundwater in the long term. “While SPIS (solar pump
irrigation systems) are being promoted as a solution to India’s irrigation challenges, lessons from the
past experience indicate that indifferent promotion and use of irrigation technologies, supported
by myopic policies, could have fiscal, socio-economic as well as environmental fallouts” (Agrawal,
2016, p. 1). The effect on the water sector has only recently started to become a focus of research,
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and therefore a limited amount of information exists regarding this subject (Verma S. , pers.comm.,
2021). As PV panel prices are projected to decrease further in the future (IENE, 2021), and the
goals set for solar power production in India have been increased once again (Verma S. ,
pers.comm., 2021), the risk on water resources is expected to increase, enlarging the relevance of
research into this subject.

1.4) Research specifics
1.4.1) Problem statement
The way solar pumps are implemented for agricultural use in India can create an imbalance between
the sectors, for example through the risk of overexploitation for the water sector in certain states,
which is already under pressure from heavy groundwater use and essential for agricultural
production.

1.4.2) Research objective
The objective of this research is to understand how the risk to the water sector and the imbalance
between the water, energy, and food sectors are created through a qualitative approach focused on
the stakeholders involved in the process of agricultural innovation through solar pumping in India.

1.4.3) General research question
Based on the background and knowledge gap, the general research question for this study is
formulated as follows:

What is the influence of stakeholders involved in solar pumping on the
prioritisation between the water, energy, and food sectors in India?
1. Which stakeholders are active in the field of solar pumping?
2. How do the actions of these stakeholders shape the process of innovation regarding solar
pumps?
3. How does the network of stakeholders relevant to solar pumping influence the balance
between the water, energy, and food sectors?

1.5) Structure
In this chapter, the background of the study and India as a country, as well as the phenomenon
and research specifics are presented. In chapter 2, the methodology used in this study is elaborated
upon. Chapter 3 focuses on the conceptual framework used to answer the research questions.
Chapter 4 shows the results from the stakeholder analysis performed and goes further into detail
about each stakeholder. Following this, chapter 5 aims to substantiate the hypothesis that a certain
prioritisation is present in India between the water, energy, and food sectors through results from
literature study and interviews. Next, chapter 6 focuses on the factors stemming from stakeholder
interactions that affect this prioritisation. These conclusions, as well as the methodology used and
the research findings, are critically discussed in chapter 7. Conclusions are drawn from the results
and recommendations are given in chapter 8. The rest of the report cites the sources used (chapter
9 ) and shows interviewee background data and the question structure used for the semi-structured
interviews (in the annex, chapter 10).
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2)

Methodology

2.1) General methodology
To be able to answer the research questions, primarily qualitative data is needed regarding the role,
actions, and goals regarding the stakeholders and their network, the promotional structure,
stakeholders per sector, and the influence of these factors on the process of innovation.
Additionally, literature is needed to support the imbalance risk, further understand the innovation
process, and identify stakeholders. This data is collected through interviews and literature research.
For structuring and providing a perspective to the results, a conceptual framework is used which
is discussed in chapter 3. Additionally, the term ‘stakeholders’ is defined in this research as
‘institutions influencing the process of innovation regarding solar pumps in India’.

2.2) Interviews
For this qualitative study, with limited literature available regarding the specific research questions,
interviews are a useful method for data collection. They are used in this study as the main source
of information to base conclusions on. 11 semi-structured interviews are performed with
stakeholders in the field of solar pumping in India, most of them online in a one-on-one setting
through video calls, and one in person. Structuring the interviews is a set of questions aimed at
acquiring the necessary data. Based on the answers from the interviewee, additional questions are
asked to further clarify, or go deeper into a subject. Questions are open-ended and aimed toward
leaving room for the interviewee to discuss what they perceive as relevant. The structure of
questions used for the interviews can be found in annex II.
For the data from interviews to accurately cover the complexity of the situation, all stakeholders
need to be identified and interviewed. Stakeholders in this context are generalized to institutions,
and interviews will be held with members of institutions, as the number of interviews performed
is limited due to time constraints. The main intent is not to get a thorough understanding of each
stakeholder or institution individually, but of the interactions of the stakeholder network as a whole,
which is expected to result in reasons for a certain prioritisation between sectors.

2.2.1) Interviewee selection
Interviewee selection is crucial in forming an accurate image of these interactions. A snowball
approach is taken, where the first interviewees are selected from literature, after which each
interview is expected to yield new contacts to interview. These new contacts are again expected to
yield new interviewees until all stakeholders are identified and interviewed. To prevent blind spots
in the stakeholder analysis and unreliability of conclusions as a result of this methodology, literature
research is performed to identify further stakeholders which might not be identified through the
snowball approach. In addition, the role of stakeholders identified through interviews is crossreferenced with literature.

2.3) Literature
Literature research is used in this study primarily for substantiating and triangulating the findings
from the interviews, in addition to the use as a basis for conclusions regarding sector prioritisation,
for information regarding the concepts used, and for general background information regarding
the study area. The type of literature researched is primarily academic, created by researchers. The
academic literature is used to support the prioritisation claim by analysing the currently
implemented pilots and policy structures through studying literature describing the current
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promotional strategies and policies. Literature regarding stakeholders and their interactions is used
for further understanding of the stakeholder network.

2.4) Methodology per specific research question
Next, specific methodologies will be discussed per specific research question.
Which stakeholders are active in the field of solar pumping?
This question is answered through interviews focused on the role of the interviewee regarding solar
pumps, and asking questions that map their interaction and cooperation with other stakeholders.
This way, the network of stakeholders and their different roles (related to the sectors) is examined.
Additionally, academic literature explaining the promotional structure and covering stakeholders
for the different sectors is used.
How do the actions of these stakeholders shape the process of innovation regarding solar
pumps?
Again, interviews are used to understand this influence. Questions regarding motivation, goals and
specific actions regarding the implementation of solar pumps and the stakeholder’s influence on
the process are posed. This clarifies which goals and motivations drive the promotion of solar
pumps, and shows the influence of stakeholders and how they shape the process. Additionally,
literature is used that has researched a similar topic.
How does the network of stakeholders relevant to solar pumping influence the balance
between the water, energy, and sectors?
For answering this question, the outcomes of the first two SRQs are connected to the effects on
the different sectors as found in literature. A qualitative analysis of the network of stakeholders,
their goals and interactions, and the resulting effects as found in literature is performed.
In the next chapter, the conceptual framework used for this study will be discussed.
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3)

Conceptual framework

The conceptual framework used in this study is presented in this chapter. Three concepts are
presented, the first being a concept used as the backbone of the framework, and the second two
are research concepts. The full conceptual framework formed by these concepts will be visualised
at the end of the chapter.

3.1) Water-energy-food nexus (WEF-nexus)
The three sectors water, energy, and food are “essential for human well-being, poverty reduction
and sustainable development” (FAO, 2014, p. 1). Water, energy, and food are inextricably linked.
Water is essential for agricultural food production, fishing and forestry, and is used in the entire
food production chain. Energy is needed to transport, produce, and distribute food as well as
extract, treat, pump, lift, and transport water (FAO, 2014). Seeing them as a nexus means
recognizing that a sector-by-sector approach to policy, science, and practice in issues regarding land
and water management is something we should move away from. Instead, an integrated approach
focussing on the interactions between, and trade-offs/synergies that arise from management of
water, energy, and food is needed. The WEF-nexus is a promising concept to make food policy
more concrete in an efficient way (Reinhard, 2017). In the future, it is projected that under
increasing pressure of population growth, increased mobility, economic development, international
trade, urbanisation, diversifying diets, cultural changes, technological changes, and climate change,
the issues relating to this nexus will intensify due to increased demand for all three sectors (FAO,
2014).
The WEF-nexus concept is used in this research as the basis for the conceptual framework. The
effects of the solar pumps are examined on a sector basis. The effects are then taken into a broader
perspective as all the sectors are heavily linked. This concept allows for a systemic perspective on
the problem and provides a better understanding of the current situation regarding solar pump
implementation in India. It is used to answer the second and third SRQ by structuring the
knowledge gained. A simplified visualisation of the WEF-nexus concept can be viewed in figure 5.

3.1.1) Sector definitions
The energy sector is defined in this study as the broad term for ‘the network of companies,
organisations, and institutions, both public and public and private, directly and indirectly involved
in the production and distribution of energy in India’. The food sector is in turn defined as ‘the
network of companies, organisations, institutions, and individuals directly and indirectly involved
in the production of food products in India’. The water sector is defined as ‘organisations,
institutions, and companies directly and indirectly involved with management and exploitation of
Indian groundwater resources’ (definitions adapted by the author from (Chen, 2021)).

3.2) Research concepts
For this study, a combination of research concepts is used to form the rest of the conceptual
framework. In this subchapter, Social Network Analysis is explained, as well as the concept of
Translation, the link to Actor-Network Theory and their combined use as conceptual framework.

3.2.1) Social Network Analysis (SNA)
Stakeholder analysis is a process increasingly used in natural resource management. The
relationship between the characteristics of a social network and understanding the influences of
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these characteristics on the effectiveness of natural resource management is the main focal point
(Prell, 2016). Several concepts are used within SNA to better understand the relationship between
the social network and natural resource management. Ties between stakeholders can be strong
(bonding) or weak (bridging) (Newman, 2005). Both have benefits and downsides for natural
research management. Strong ties create trust, influence, and communication, but reduce
innovation and can create redundant information. Weak ties allow for bridging between
stakeholders and new connections, but can cause distrust, breaking connections, and are not ideal
for complex tasks or communication. Homophily relates to ties between stakeholders who share
important (socio-economic) attributes (Skvoretz, 2004). Similar stakeholders communicate
information better due to higher mutual understanding, but too much homogeneity can be
problematic as different views and opinions require recognition for successful natural resource
management (Prell, 2016). Centralization refers to the degree to which one or a few stakeholders
hold the majority of the ties in a network. A high degree of centralization is helpful for building
support for collective action, but disadvantageous for long-term planning and problem solution
(Crona, 2006). Centrality is used to describe the number of stakeholders a stakeholder is directly
connected to, and the degree to which they connect other stakeholders who are disconnected. This
influences the spread of information, the strength of ties, and the motivation of a network (Prell,
2016).

3.2.2) Translation
The concept of translation was created to better understand what occurs during the process of
technical innovation. It is defined as the process by which “the identity of actors, the possibility of
interaction and the margins of manoeuvre are negotiated and delimited” (Callon, 1984, p. 203).
Translation relates to how technological development over time occurs, how the beliefs of
engineers transfer to institutions and people, and how users transform the technology to better
meet their goals. There are numerous moments of translation, which together form the process of
building the social-technical (Cressman, 2009). Four stages of translation are identified: 1)
Problematisation; agreeing with other actors on issues and goals. 2) Interessement; when actors
agree and collaboration begins/when collaborative efforts are actively blocked. Interessement is
the process of a dominant actor setting other actors into roles, fitting with the identity of the other
actor as defined by their problematisation. It is more a collection of actions than a gradual process
(Hu, 2011). 3) Enrolment; when actors try to gain support from other actors often outside the
network. 4) Mobilisation: when actors perform (or fail to perform) their assigned tasks and roles
(Callon, 1984). These stages do not need to be seen as chronological stages, but can also be used
as themes of research (Tate, 2013). These concepts will be used to answer questions 1, 2, and 3
through structuring an understanding of the process of innovation and mapping the actions of
actors.
Translation is a concept mainly used in relation to the Actor-Network Theory (ANT). The actornetwork theory is a social theory that sees everything as shifting networks of relationships. It maps
interactions between actors that are both material (people, technology) and abstract (concepts) and
places all actants in a network (human and non-human) in a flat ontology (ascribing all the same
being-ness). This way, neither social nor technological determinism is favoured. An assemblage is
a network, a sum total of the individual components. An actant is a point within a network, and
ANT affords all actants in this network the same agency and value. All assemblages are comprised
of actants, which are all assemblages themselves. The theory is useful in describing networks,
contingencies between actants, identifying their components, and how they come into and out of
being (Nyakuengama, 2014).
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As a result of the chosen methodology, the material properties of solar pumps as a technology are
not included in the scope, and ANT is not applicable. Online interviews are a poor methodology
for observing how a technology is used in context, and how the material properties affect the
prioritisation of sectors. Translation is used in this study research concept without the broader use
of the ANT. In combination with SNA, translation is useful in understanding the stakeholder
factors influencing sector prioritisation. Especially the concepts of problematisation and
centralization form a synergy in the context of this research, which is used to understand several
factors discussed in chapter 6. The term ‘actor’ as used in the paragraph above relates to the use of
ANT, but to avoid confusion regarding the inapplicability of ANT for this study, the term
‘stakeholder’ is used instead, referring solely to human actors.

3.3) Use of conceptual framework
The Water-Energy-Food nexus forms the
basis on which this study is built. To
analyse the findings from literature and
interviews, a further two concepts
(Translation and Social Network Analysis)
are used as research concepts.
For Translation, the concepts of
problematisation,
interessement,
mobilisation and enrolment are used. For
SNA,
centralization,
centrality,
homophily, and ties are used. In figure 5,
the conceptual framework is visualised. A
link is made between the two concepts,
primarily through the centralization and
problematisation concepts. This is
because findings regarding centrality
through the SNA concept influence
which of the stakeholders have a large
impact on the stages of translation. The
problematisation is crucial in determining
issues to be addressed and which
stakeholders will cooperate, which has a
large impact on the stakeholder factors
influencing prioritisation. The findings
from the two concepts are therefore more
clear and insightful when linked, creating
a synergy between translation and SNA.

Figure 5: Visual representation of the conceptual framework

Looking at the interactions between stakeholders through the lens of this conceptual framework
can clarify how these interactions influence the prioritisation of sectors. The combination of
Translation and SNA concepts allows for a systemic look at the interactions between stakeholders
and the reasons behind them. Combined with the WEF-nexus as a basis means the effects of these
interactions regarding solar pumps in India can be applied to the balance between the water, energy,
and food sectors.
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4)

Stakeholder analysis

4.1) Introduction
For understanding the WEF-nexus regarding solar pump implementation in India, this study
focuses on interactions between stakeholders. Before presenting the results and findings from the
research performed, first, a general overview of the stakeholders with are found to be active in the
field of solar pumping is given, as well as a general overview of their interactions and cooperation.

4.2) Government of India
The Government of India is the primary stakeholder in the stakeholder network surrounding solar
pumping. The primary stakeholder in this context is the stakeholder who is most influential in the
network. As the price of solar pumps in India is too high for individual farmers to afford, and the
incentives for farmers to purchase a system of their own volition too low to support a free market,
the national government is largely responsible for the push for the technology (Closas, 2017).
Through various policies, the Government of India aims to promote the uptake of solar pumps
for agricultural purposes by farmers. The Government of India exerts influence through several
ministries, boards, and other governmental bodies, both at the national and state level. In this
subchapter, the goals and influence of the government ministries, branches, and cooperations
found relevant (directly and indirectly) to solar pumping are elaborated upon.

4.2.1) Ministries
The Government of India has established a bureaucratic structure for developing the renewable
energy sector, and the solar energy sector in particular. This structure consists of the Ministry of
New and Renewable Energy (MNRE), Indian Renewable Energy Development (IREDA), State
Nodal Agencies (SNAs), and regulatory energy commissions which work in coherence towards set
energy goals. Besides these government bodies, there are many other ministries and government
organisations included in the structure.
The MNRE is the main ministry driving the use and implementation of solar pumps (Verma S. ,
pers.comm., 2021). The Indian Committee on Alternative Sources of Energy (CASE) was created
in the 1980s as a response to the global oil crises of the 1970s and became the MNRE in ’96
(MNRE, 2022). Through the MNRE, various policies have been created and implemented in India.
For example, the large-scale Jawaharlal Nehru National Solar Mission (JNNSM) was created in
2010 to promote solar energy development in India, with a focus on the state of Rajasthan. The
MNRE creates policies on a national scale, but also set targets for each state (Verma S. ,
pers.comm., 2021; MNRE, 2019). States can adapt policies to their context but largely follow the
outline as set by the MNRE (Jain, pers.comm., 2021). In addition to this, the MNRE decides on
which suppliers can join the solar pump market by setting the prerequisites for entry regarding
turnover and company age (Kishore A. S., 2014). Financial support in the shape of subsidies
through the SNAs and the Ministry of Finance is coordinated by the MNRE (Rathore, 2018). In
regards to the development of solar technologies, the MNRE also funds research and development
institutions. A total spending of 4 billion Indian rupees (52 million USD) was allocated towards
solar photovoltaic and solar thermal projects under the 11th Plan (Kar, 2016). The tasks performed
by the MNRE show the important role the ministry plays in solar pump implementation in India.
Financing the subsidies for solar pumping is the NABARD: National Bank for Agriculture and
Rural Development, which is a part of the Ministry of Finance (Jain, pers.comm., 2021; Magal,
pers.comm., 2021; Rathore, 2018). The bank provides general funding for agricultural development
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and is therefore responsible for solar pumping subsidies. The bank follows the policies as set by
the MNRE and as adapted by individual states.
The Ministry of Jal Shakti was formed by combining the Department of Water Resources, River
Development and Ganga Rejuvenation and the Department of Drinking Water and Sanitation. The
ministry is tasked with “Development, conservation and management of water as a national
resource” (Ministry of Jal Shakti, 2022). They cooperate with the World Bank on a 1 billion USD
groundwater management project (IBRD-IDA, 2022).
Energy Development Agencies (EDAs) are present in each state in India. IREDA is a company,
an enterprise by the Government of India. IREDA has state-specific agencies (called CREDA,
WBREDA etc., dependent on the state) which implement renewable energy initiatives by following
central policy as set by the MNRE (Jain, pers.comm., 2021). They develop and extend financial
assistance for renewable energy, energy efficiency and energy conservation projects. A chief
engineer from the Chhattisgarh State Renewable Energy Development Agency (CREDA) is
interviewed for this study regarding EDAs and their role. CREDA is a non-profit implementation
agency, which delivers large renewable energy roll-out programmes in Chhattisgarh for State
Ministries working in areas such as health, education and rural development. The operation and
maintenance are supported by the state budget (through NABARD) (Jain, pers.comm., 2021).

4.2.2) DISCOMs
Electrical generation and distribution companies (DISCOMs) play an important role in the energy
landscape of India. They are government-owned (Shah T. R., 2021; Regy, 2021), and therefore a
part of the government-owned energy sector. The vast majority of the energy sector is controlled
by the government, as DISCOMs are responsible for 82% of India’s national power generation
(Spratt, 2014).
As DISCOMs are companies, they choose methods through which electricity generation is most
economical (Busby, 2021). A large portion of the energy is used by the food sector for agricultural
use, but this fails to generate a large amount of revenue. DISCOMs get most of their revenue from
large industries, which pay per amount for the electricity provided (Ghose, pers.comm., 2022). The
current financial health of DISCOMs is poor (see chapter 1.2) and as a result, the distribution
companies and government want to get rid of free power and the related heavy subsidy burden
(Rahman, pers.comm., 2021). The importance of DISCOMs for the energy sector is illustrated by
the budget allocated by the Government of India, as a recently approved reform scheme allocated
₹300.000 crores (about 39 billion USD) for DISCOM reform (Regy, 2021). States often have
multiple DISCOMs which are controlled through various structures. In Gujarat for example,
GUVNL is a large state-wide stakeholder in the energy sector. GUVNL is a holding company
which contains multiple DISCOMs and power generation and distribution companies (Vala,
pers.comm., 2021). As DISCOMs are important for state- as well as national grid conditions,
decisions taken regarding the energy sector by the Government of India are often partially focused
on the effects on these companies.

4.2.3) Central Ground Water Board and Authority
The Central Ground Water Board (CGWB) is a part of the Department of Water Resources, River
Development and Ganga Rejuvenation. The CGWB and its constituents are the most important
government branch when it comes to groundwater management. The CGWB is responsible for
conserving the existing groundwater situation (Rahman, pers.comm., 2021). It is primarily tasked
with groundwater measurements and reporting on current groundwater conditions. These tasks are
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performed through a network of measuring wells, remote sensing, and groundwater modelling
studies. Additionally, they described their role as advisory, with the CGWB providing technical
knowledge on groundwater exploration, development and management. The studies and associated
reports are seen as a scientific base for resource planning by stakeholders. These stakeholders are
mentioned to be states and user agencies, as well as other ‘various stakeholders’ (CGWB, 2022). It
operates through an engineering perspective, with little focus on social sciences or the social
complexity of the groundwater situation. The perspective taken is stated on the website of the
CGWB: “Central Ground Water Board is a multi-disciplinary scientific organization consisting of
Hydrogeologists, Geophysicists, Chemists, Hydrologists, Hydrometeorologists and Engineers”
(CGWB, 2022).
A sub-department is made responsible for regulation and sustainability of groundwater, called the
Central Ground Water Authority (CGWA). As access to water is a ‘Right of Life’, as mentioned in
the constitution of India, and the Easement Act of 1882 provides the right for land owners to
collect and dispose of water all water under the surface of their land, restricting groundwater use
through legal means is difficult (Suhag, 2019). For (semi)critical or overexploited areas, the CGWA
releases model bills to allow states to regulate and control the development and management of
ground water (International Environmental Law Centre, 2005; Suhag, 2019).

4.3) Research agencies
Research agencies are active stakeholders regarding solar pumps in India, both in developing solar
pumps and monitoring or evaluating the performance of the technology. Combined, through
productivity and field research (food sector), groundwater modelling and case studies (water
sector), and policy and economic research (energy sector), the research findings from these agencies
cover broad topics about solar pumps in India. They provide other stakeholders with information,
either directly through commission work or indirectly through publishing for reference and
awareness. Policy and other recommendations are made, and research agencies partner with other
stakeholders for discussion boards. Though not highly influential on the stakeholder network as a
whole (as discussed in chapter 6), research agencies are central stakeholders and can play a
connecting role.
Several research agencies will be shortly introduced to exemplify the role they can fulfil. The
Council On Energy, Environment and Water (CEEW) is an independent policy research
organisation seeking to influence policies through proposals to the Government of India. They
seek cooperation, but are funded by Non-Governmental Organisations (NGOs) and do not accept
government funding to stay independent (Rahman, pers.comm., 2021). The Gujarat Energy
Research and Management Institute (GERMI) serves NGOs, the government, public sector
undertakings (PSUs) and private companies through research regarding the energy transition
towards renewables. The institute is primarily focused on the functioning of the energy sector, as
it is funded by a petroleum company (Magal, pers.comm., 2021). The International Water
Management Institute (IWMI) is an independent research institute funded internationally by
NGOs and governments. Besides the ones introduced here, more are active in the context of solar
pumping in India, such as KPMG, the International Institute for Sustainable Development (IISD),
and the Consultative Group on International Agricultural Research (CGIAR). The impact of
research agencies on policies and decisions depends on the conclusions of each research and its
alignment with existing policy goals (Verma S. , pers.comm., 2021). Through interactions and
connections with the other stakeholders, these research agencies influence policy and the
stakeholder network regarding solar pumping in India.
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4.4) Private companies
Businesses and private companies (both domestic and foreign) are active in the stakeholder
network of solar pumps in India. These companies sell services and products relevant to solar
pumping and strive for profitability. They find a market in renewables and aim to build
competitiveness in the green transformation market, to gain a market share and maximize returns
(Spratt, 2014).
Examples of companies like this are Lubi Solar, Shakti Pumps, and Falcon Pumps, which have an
international presence and have been active for many decades (Verma V. , 2021). By fulfilling the
requirements set by and engaging in contracts with the MNRE, these companies become approved
solar pump manufacturers (Kishore A. S., 2014). They provide full systems, maintenance and parts
for subsidized solar pumps. The maintenance can be obligated through contracts for a certain
period as well as financial structures to ensure aftersales support. The contracts set a solid base
price for solar pump systems as well, which is beneficial for manufacturing companies as
developing new systems can reduce production costs, and therefore increase profits when the base
price is not reduced (Kishore A. S., 2014). These companies influence the market by improving
and changing the technology of solar pumps, as well as by the negotiations in the contracts with
the MNRE, and the action performed regarding after-sales support and maintenance.

4.5) NGOs
Non-governmental organisations, or NGOs, are generally non-profit entities which are
independent of direct government control. NGOs often focus on humanitarian, environmental, or
developmental goals. Many NGOs are politically engaged, and an NGO’s attempted impact on
governmental decision-making can go paired with receiving government funding (Willetts, 2022).
From interviews, it is found that in the Indian context, they play a connecting role and often have
sustainability as a focus, as well as improving farmers’ livelihoods (Bhattacharyya, pers.comm.,
2022; Joy, pers.comm., 2022). NGOs are a stakeholder that closely interacts with other
stakeholders. They can bring stakeholders together and cooperate (Joy, pers.comm., 2022). They
commission research or perform it themselves. Engaging in cooperation or communication with
policy makers can influence the prioritisation of sectors. In addition, public awareness has an
impact on policy (as discussed in chapter 6.3.3), and NGOs are in a strong position to influence
awareness of water resource-related issues (Joy, pers.comm., 2022).
Society for Promoting Participative Ecosystem Management (SOPPECOM) for example, works
together with other NGOs, individuals, local social movements, government departments
(irrigation department), and communicates with other stakeholders on forums regarding policy
dialogues (Joy, pers.comm., 2022). Different NGOs have varying goals. SwitchOn foundation for
example aims to fill the void they perceive in interdepartmental cooperation within the government.
They work with farmers in the field to implement irrigation technologies sustainably
(Bhattacharyya, pers.comm., 2022). The Government of India and NGOs also cooperate directly,
such as the cooperation between the World Bank’s International Bank for Reconstruction and
Development (IBRD) and the Ministry of Jal Shakti in the Atal Bhujal Yojana - National
Groundwater Management Improvement project. The Ministry of Finance is included in this and
provides funding (IBRD-IDA, 2022; Richard-Ferroudji, 2018).
The possibilities for NGOs to influence other stakeholders (primarily the Government of India)
are restricted by regulations related to funding and licencing. This will be discussed in more detail
in chapter 6.
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4.6) Farmers
Farmers of solar pumps directly and indirectly influence the stakeholder network and the
prioritisation of sectors. In this context the users of solar pumps are farmers. Farmers in India have
a direct influence through intervention in decision-making processes. 58% of India’s population
has agriculture as the primary source of livelihood (IBEF, 2021). As a result, farmers are a politically
powerful group in India (Magal, pers.comm., 2021), through collective actions in farmers'
organisations and cooperatives, and individually through democratic voting systems. Though direct
individual engagement in decision-making processes is small, farmers' associations aim to represent
the farmer's voice in these processes. The All Indian Farmers Alliance is an example of cooperation
between farmers and farmers' associations, which advocate for and represent farmers in
international and national forums to ensure sustainable livelihoods for farmers (AIFA, 2022).
Through cooperation at various levels (state, national, and international), farmers as a group
influence the process of implementation of solar pumps as well.
Farmers also have various routes of indirectly influencing the stakeholder network and the
prioritisation of sectors. As mentioned in the previous paragraph, farmers are a politically powerful
group in India. Their level of awareness of certain issues is generally low regarding subjects such
as groundwater overextraction and the effects of deepening wells (Joy, pers.comm., 2022). This
awareness can influence what is regarded as important by the farmers, and therefore influence
politicians and what is included in the policy agenda (Ghose, pers.comm., 2022).
The combination of needs and payment possibilities shapes policy (Ulsrud, 2011). Farmers are in
need of a more reliable electricity supply (Shah T. V., 2014). As solar pumps can help fulfil this
need but are beyond the payment possibilities of many farmers, the promotional policies focused
on subsidies are shaped according to this problem.
Another route of influence is through simply using the technology to their needs. For example,
when the solar pump system is implemented, the model is changed to fit the local context by the
implementing agency. When farmers adapt their use of electricity and natural resources to the new
conditions, the implementing agency in turn has to adapt again (Ulsrud, 2011).
Lastly, the way the system is used affects the findings and conclusions of research and the
recommendations made as a result. As research recommendations can influence policy, this is an
indirect influence on the network and prioritisation of sectors as well.
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5)

Prioritisation of sectors

5.1) Introduction
Central to the WEF-nexus is that all sectors are inextricably linked. Higher inputs in the energy and
food sectors result in a higher output requirement from the water sector. Therefore, policies that
are designed to support the food and energy sectors are hypothesized by several sources to be
detrimental to groundwater resources in the long term (Bassi, 2018; Closas, 2017; Gao, 2013;
Rathore, 2018; Verma S. , pers.comm., 2021). High energy availability and increased access to
irrigation through continued implementation of solar pumps in the future will further increase
pressure on the water resources. Additionally, increased food production (in quality or quantity) is
paired with increased water use as high-value crops generally have higher crop water requirements
(Brouwer, 1986; Agri Farming, 2021). The focus that is put on the energy- and food sector may
therefore inhibit an inclusive view on this nexus, and create or exacerbate issues for the water
sector. Prioritisation is used in the context of this study as the division of attention between the
sectors regarding the beneficial and negative effects of solar pump implementation. In this chapter,
this hypothesis is supported by a summary of the effects on each sector and current promotional
strategies and policies.

5.2) Effects of solar pumps on the energy sector
5.2.1) The financial situation of the governmental energy sector
As mentioned in chapter 1, DISCOMs face significant under-recovery of costs in many states,
leading to high debts and poor financial health. This is detrimental to the state of the whole energy
sector in India. This is partially caused by subsidized power supplied to farmers, as well as technical
and commercial losses regarding electricity (Busby, 2021). In the state of Gujarat, 27% of the power
produced goes to the agricultural sector for pumping water (Magal, pers.comm., 2021). Due to the
flat and low tariffs, only a small amount of financial capital is recovered from this large percentage
of electricity production (Busby, 2021). Due to the poor grid conditions, a lot of technical losses
occur in the Indian grid (through disrepair of cables, transformers, and other infrastructure),
combined with commercial losses (through illegal tapping of the grid for example) (Closas, 2017).
Decentralizing power production and letting farmers generate it themselves through solar pumps,
reduces the amount of power that is required from the grid for agricultural pumping. The
DISCOMs can therefore become more economically sustainable by reducing costs, and reducing
the subsidy burden on the government for power generation and distribution (Adhikari, 2020). The
quality of the electricity supply could improve as a result of this, offering benefits for all users, as
well as a lower subsidy budget required for the government for the energy sector. Therefore, the
broad implementation of solar pumps could benefit the energy sector in India to a great extent.

5.2.2) National oil imports
India is the world’s third-largest importer of crude oil and is reliant on these oil imports for energy.
It imports 84% of its oil requirements, at a cost of 111.9 and 101.4 billion USD in 2019 and 2020
respectively (Shettigar, 2021). Reducing oil requirements would be financially beneficial for the
country as a whole, the energy sector included. Replacing diesel pumps with solar pumps would
lower these requirements. Solar pumps are consequently mentioned to be a solution for the huge
oil import bill (Shah T. R., 2018), and beneficial to the financial situation of the Government of
India.

Page | 16

5.2.3) Climate goals and emissions
As PV pumps run on solar power, there are no direct emissions related to running the system.
Gupta (2019) found a significant reduction in carbon dioxide (CO2) emissions when solar pumps
are used. The amount differs per type of pump replaced. Annually, running a solar pump for 1250
hours yielded 0 kg CO2 emissions, a difference of 4 and 5.2 tonnes of CO2 compared with grid
power electrical pumps and diesel respectively (Wong, 2019). It is estimated that when 5.5 kWh/m2
of solar radiation is available, the potential mitigation of PV pumps is 2085 kg and 1860 kg annually
in the case of diesel and electricity substitution respectively (Kumar, 2007). Solar pump systems
save 0.53 kg of CO2 emission for each Kilowatt-hour of electricity generated. Using solar pumps
in India can prevent the emission of 69–100 million tons of CO2, 126,000–184,000 t of SO2 and
68,000–99,000 t of NOx in total by the year 2030 (Shahsavari, 2018). This is a small reduction in
CO2 emissions, as the total CO2 emissions from India were 2597 million tonnes in 2019 (Knoema,
2021). Solar pumps can help make the energy sector in India less harmful to the environment and
help the Government of India achieve climate goals as set in climate negotiations (Joy, pers.comm.,
2022).

5.3) Effects of solar pumps on the food sector
5.3.1) Reliable energy source
The main disadvantage of grid-connected electric pumps for farmers in the food sector of India is
the unreliability of the grid. The quality of the grid is low; frequent interruptions, low voltage and
restricted hours of availability of electricity are bothering farmers and hindering food production
(Shah T. V., 2014). Overall, grid electricity is not available on-demand, and the restricted hours can
force farmers to need supplemental energy generated by other sources such as diesel pumps
(Kishore A. S., 2014). Solar pumps are highly reliable when sufficient solar radiation is available
and can offer an alternative to the availability issues of grid electricity (Ramos, 2009; Shah T. R.,
2018). This means more energy will be available for irrigation.

5.3.2) Access to irrigation
Access to irrigation is not currently experienced by all farmers in India. Especially rural
communities without grid connection and access to financial means to pay for diesel and
maintenance have low access to irrigation (Ramos, 2009). Solar pumps can reduce inequality in
access to irrigation, as they require no fuel inputs or grid connection and can be economically
beneficial for farmers when subsidized. This reduction can be through farmers owning a pump, or
through owners of pumps selling water to other farmers. The pump operator or owner can sell
water directly or rent out the pump system (Kishore A. J., 2017; Miner, 2018). Through this system,
a single pump can serve more users but also indicates that the pump might be used to the max
capacity environmental factors will allow.

5.3.3) Food quantity and quality
When energy for irrigation is more readily available, irrigated area can be increased. Irrigated land
generally produces higher yields than rainfed land, providing precipitation is lower than crop water
needs. No-deficit irrigation, when crop water needs are met fully, produces the maximum amount
of yield per hectare of land (El-Hendawy, 2008; Ali, 2007). Broader access to irrigation can
therefore increase the productivity of Indian farmland. Farmers implementing solar pumps see
increased crop production, which when sold to the market can lead to higher food security (Wong,
2019). This increased access to irrigation can also create opportunities for different cropping
patterns which require more water than would be available through precipitation or reduced
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irrigation alone. The ability to cultivate different crops such as fruits and vegetables, which have
higher value, can therefore make solar pumps more economical (Agrawal, 2016). Additionally,
when these crops are sold to the market and made available for purchase by the community, they
have the potential to increase public health through better and more varied diets (Wong, 2019).

5.3.4) Economics of solar pumps
Several studies show the system is economically viable (Kishore A. S., 2014; Scott, 2014; Ramos,
2009). The expected lifetime of a solar pump system (25-30 years) combined with the low running
and maintenance costs mean that though the initial investment costs are several times higher, the
lifetime costs of the system are lower than comparable diesel or grid electric pumping systems.
When compared to other systems, diesel, petrol, and grid electricity pumps all have higher running
costs than solar pumps. Solar pump systems are found to be about 60% of the costs of a
comparable diesel pump system with a 10-year lifetime (Wong, 2019), this means that per cubic
metre of water over a full lifetime, solar pumps are the cheapest. This is however disputed by others
on the grounds of subsidies, policies, and markets skewing an accurate view on economics and the
perspective that the actual price of solar pumps is not researched thoroughly enough yet (Closas,
2017).
An additional financial benefit compared to diesel pumps is that solar pumps require less labour.
This is because of two reasons. Firstly, labour costs are lower as less skilled labour is needed due
to the low maintenance requirements of the pump and panel itself (Ramos, 2009). Secondly, solar
pumps do not require an operator, as once started, they need minimal attendance. In contrast,
diesel pumps do require an operator to function. This was perceived by farmers piloting the system
to be one of the main logistical benefits of solar pumps (Kishore A. S., 2014). Selling electricity to
the grid can also help recuperate the investment costs (Gupta E. , 2019; Shah T. R., 2021; Shah T.
V., 2014; Mukherji, 2020). This option will be discussed more extensively in chapter 6. Additionally,
water can be sold to other farmers, who can use it for irrigation and pay the pump owner a fee
(Miner, 2018).
Solar pumps can overall lead to higher profits for farmers: near-zero running costs due to lack of
need for fuel combined with low maintenance requirements keep costs low (Kishore A. S., 2014;
Scott, 2014; Ramos, 2009; Verma S. , pers.comm., 2021). The lower need for labour means running
the system is even cheaper compared to diesel systems (Kishore A. S., 2014). Additionally,
increased and more reliable access to irrigation means more high-value crops can be cultivated and
sold (Agrawal, 2016; Wong, 2019). The lower costs and higher income potential mean profits for
farmers can increase when solar pumps are used.

5.3.5) Economic inequality
In specific states in India, there are requirements for farmers to be eligible for receiving subsidies.
The requirements in the state of Rajasthan are 0.5 ha of land, a diggi (water storage structure) and
a drip irrigation system, which need investments to be realised (Kishore A. S., 2014). The
investments can be too expensive for the smaller farmers with access to less financial means. This
means subsidies primarily benefit the middle-class farmers and not the small-scale farmers (Gupta
E. , 2017), as small-scale farmers have no use for a diggi, and don’t possess the funds required to
either pay for a drip irrigation system or a solar pump with subsidy. There are cases where
economically weak farmers were unable to reap the benefits of solar pump subsidies while mediumlarge holding farmers were able (Rathore, 2018). Educated, young and wealthy farmers with access
to extension services are most likely to embrace the technology (Wong, 2019). Because of these
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factors, the implementation of solar pumps has the potential to increase economic inequality
among farmers.
Solar pumps and the generated power only benefit those that are directly connected to the solarpowered grid. Diesel in liquid form can be shared more easily and benefit a larger portion of the
community. These differences can reduce social capital for villagers in rural communities (Wong,
2019), and cause lower access to irrigation. Another downside compared to diesel systems is that
diesel systems can easily be kept indoors, and solar pump systems are more prone to being stolen
and damaged (Wong, 2019). As they are less easily transported, keeping them safe from thieves or
damaging weather events is more difficult, creating higher economic risk.
Solar pumps are for their productivity dependent on the presence of the sun. Rajasthan, the region
in India with the most solar radiation, has a solar radiation potential of up to 6-7 kWh/m2, for up
to 325 days per year at 6-8 hours a day (Shah T. V., 2014). For small to medium-sized PV
installations, power output is significantly reduced when the incoming solar radiation is blocked by
clouds. Especially in tropical countries like India, shading events caused by passing clouds are very
common (Jiang, 2016). During the nighttime hours, the solar panels will have no significant power
output as there is too little radiation. Additionally, solar radiation and light intensity must be
constant and over a certain threshold for a solar pump to function efficiently (Closas, 2017). Several
environmental factors can impact a solar pumping system. Ambient temperature, maintenance and
cleaning, wind velocity, and relative air humidity can decrease system productivity (Closas, 2017).
This can make the system less reliable when demand is high and environmental factors negatively
affect it. The threshold for solar radiation is not always met. Because of these factors, unless energy
is stored, it is not available on-demand and cannot cater for fluctuating water demands. This can
be solved with batteries or storage tanks, but this requires high investments (Closas, 2017).
Additionally, solar pumps have depth limitations (8m for a certain Futurepump SF2 setup, for
example, 15m maximum (Futurepump Ltd., 2021)) which will reduce their useability and economic
viability in areas where groundwater levels are deeper.
Solar pumps are often promoted as a solution for rural communities without an electricity grid or
the availability of sufficient financial means to purchase diesel fuel (Ramos, 2009). Solar pumps
require maintenance and supply chains in the long term to function. There is however a lack of
technical support personnel (trained mechanics, engineers) and supply chains (for spare parts for
example). This reduces the ability to repair the systems in an adequate and timely manner (Bassi,
2015; Closas, 2017). Agrawal & Jain (2016) found during field visits that a third of installed solar
pumps was defunct due to lack of maintenance (Agrawal, 2016). Additionally, the panels need to
be cleaned at regular intervals to remove dirt build-up. It is found that farmers do not clean their
panels often enough, which can result in efficiency decreases (Agrawal, 2016). As the investment
costs are a lot higher compared to diesel pumps, the low running- and maintenance costs are the
driving force behind making the technology economically viable in the long term (Kishore A. S.,
2014; Wong, 2019). The lack of support causes delays in needed repairs and therefore reduces
system lifetime. Reduced system lifetime results in reduced economic viability (Bassi, 2015).
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5.4) Effects of solar pumps on the water sector
Evidence from studies shows that solar pump implementation increases water consumption. Gupta
(2019) compared different situations for varying states, which showed a water consumption
increase of up to 50%, as shown in figure 6 (Gupta E. , 2019). The same was found in Gupta’s
2017 paper, where adopters of solar pumps used more water than non-adopters in different states,
which is illustrated in figure 7 (Gupta E. , 2017). One of the hypotheses of this study is that the
broad implementation of solar pumps has a negative effect on groundwater resources and the
groundwater sector. Several other sources support this hypothesis (Bassi, 2018; Closas, 2017; Gao,
2013; Rathore, 2018). The hypothesis is substantiated by the following chapter where the effects
of solar pump implementation on the water sector are outlined.

Figure 6: Modelled changes in water consumption (WC) after
implementation of solar pumps, as calculated by (Gupta E. ,
2019)

Figure 7: Modelled change in annual water consumption for
adopters and non-adopters of solar pumps in different Indian
states (Gupta E. , 2017).

5.4.1) Current groundwater status
One of the prerequisites for implementing solar pumps is a situation where water resources are in
a stable, sustainable state before implementation. This is mentioned in literature as the requirement
for no existing groundwater overdraft (Closas, 2017; Yu, 2011) and a lower pumping rate than
recharge (Gao, 2013). Additionally, the pumping rate after implementation needs to be lower than
the recharge rate to keep the water source from being overexploited. The lack of quantitative data
means the relationship between recharge and depletion is largely unknown (Gleeson, 2012). Large
parts of India experience groundwater overdraft without widespread use of solar pumps (see figure
2), and India is marked by Shah et al. 2018 as a groundwater depletion zone (Shah T. R., 2018).
Therefore, groundwater conditions are currently unsuited for solar pumping in many areas,
meaning the implementation of solar pumps can exacerbate the currently experienced groundwater
shortage in certain areas, potentially threatening farmers’ livelihoods, as well as food production in
India in general.

5.4.2) Energy availability
The high solar energy availability in India allows for many hours of solar pumping per day. The
amount of daily solar radiation in India is shown in figure 3. In remote communities, diesel fuel
may be less available and more expensive due to transport (Ramos, 2009). Compared to other
energy sources such as wind, biogas, and biomass, solar is more easily available (Purohit, 2017).
Compared to grid electricity, it is a reliable off-grid power solution as a result. High availability
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means resource availability is less likely to restrict the functioning of the solar pumping systems,
and the usability for farmers.

5.4.3) Water conservation incentives
Because solar pumps do not require fuel inputs and have low maintenance costs, the system has
near-zero running costs (Kishore A. S., 2014; Scott, 2014; Ramos, 2009). This means there is little
incentive to pump less and conserve water, as for the farmers pumping more is not penalized by
negative short-term effects. This could also lead to the expansion of irrigated area in areas where
groundwater is already overexploited. Additionally, high investment costs can mean more water is
used to recuperate these costs (Kishore A. J., 2017; Miner, 2018), through cultivating more waterintensive cash crops, increasing cropping intensity, or selling water to neighbouring farmers (Shah
T. R., 2018). These factors incentivise more groundwater pumping and can lead to decreasing
groundwater levels and further environmental consequences. In the long term, this can reduce
water availability for all groundwater users.

5.5) Promotional policies and criteria
In India, solar pump technology is broadly stimulated through financial incentives under the
responsibility of the Ministry of New & Renewable Energy (MNRE) with the help of several
agencies such as the Indian Renewable Energy Development Agency (IREDA) and the State Nodal
Agencies. In 2010, the national programme Jawaharlal Nehru National Solar Mission (JNNSM)
was launched with the goal of increasing solar energy generation capacity in India, after which more
programmes were launched stimulating the growth of the technology. Though the start of the
project was slow and behind target, continuous development of the technology has increased
reliability and reduced costs, meaning solar pumps are now seen as a very promising technology.
Sufficient government support is however still needed to be able to attain the goals set (Rathore,
2018). Sound promotional policies are argued to be a solution to the energy and groundwater nexus
in India (Shah T. R., 2018).

5.5.1) Goals of policy implementation
The Solar Pumping Program for Irrigation and Drinking Water was launched in 2014. The main
philosophy behind the promotion of the technology is that it can provide an environmentally
sustainable, reliable, and cost-effective water pumping solution for irrigation purposes in India
(Rathore, 2018). The measurable goals of the projects are translated into capacity (in gigawatts),
percentage of total power supply as renewables (8% in 2014) or the number of installed solar pump
systems for the agricultural sector specifically (Verma S. , pers.comm., 2021). For example, the goal
for 2014-2015 was 0.1 million installed units, expected to exceed 1 million in 2021-2022 (GVR,
2016). In 2016, the number of actually installed pumps was a mere 25.000 (Rathore, 2018). In 2012,
a goal of 20 GW was set, which was raised to 100 GW in 2014 and has been reached in 2021,
before the deadline set for 2022.
The goals of promotional policies are further elaborated upon by Shah et al, (2018), who identify
7 possible criteria for policy design. The policy:
1.
2.
3.
4.
5.

Reduces the power subsidy burden carried by the government (energy sector).
Minimises the carbon footprint of irrigation (energy sector).
Maximizes farmer contribution to the investment in irrigation equipment (energy sector)
Offers rapid scalability (energy sector).
Offers farmers more reliable and affordable energy for irrigation as compared to the
present situation (food sector).
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6. Ensures that energy prices correctly reflect the state of groundwater resources (in scarcity
or abundance) (water sector).
7. Enhances small-holder farmers’ incomes (food sector).
Added in brackets behind the criteria are the sectors they address as stated by Shah et al. (2018).
So far, several models of promotional policies for solar pump systems are being experimented with.
Each of these aims to address one or two of these criteria, but only some aim to address all (Shah
T. R., 2018).

5.5.2) Types of policy models and addressing criteria
Different regions and states in India have varying policies regarding the promotion and financing
of solar pump systems. An overview of the policies described in literature is presented below, as to
highlight the prioritisation of different criteria. The 7 different types of policy models as identified
by Shah et al. (2018) are useful in identifying the prioritisation of groundwater resources, as they
aim to address different criteria as discussed above. Per model, it is mentioned which criteria are
addressed.
I. Subsidy-savings model (addressing criteria 1, 5 and 2 partially)
This model provides high subsidies (up to 86% (Kishore A. S., 2014)) on the capital cost of solar
pump systems. Farmers can apply for such a subsidy but are sometimes required to conform to
requirements, as explained in chapter 5. This model is used by the MNRE and state governments
through the off-grid PV scheme of the JNNSM (Gupta E. , 2017). It aims to maximize the number
of farmers that adopt solar pumps as a means of powering irrigation. It is found that these types
of models primarily benefit middle and upper-class farmers (Gupta E. , 2017; Kishore A. S., 2014).
II.

Developer-centred farmer-dedicated solar plant (addressing criteria 2, 5, 4 with
attractive FIT, and 1 partially).
In this model, a private investor creates a large tail-end solar system (1-2 MW). This is connected
to the grid, and the investor gets a feed-in tariff (FIT) from the power distribution companies.
Farmers get free day-time electricity to power electrical pumps. A generated surplus will be sent
into the grid, and a deficit can be filled by the grid. There is no need for subsidy under a standard
power purchase agreement instead of the normal JNNSM models (Shah T. D., 2017). This model
provides scalability, and saves on public spending, but does not address water and energy use.
III. Developer-centred distributed generation model (addressing criteria 3 and 5)
This policy is implemented in the state of Karnataka, where farmers receiving free grid electricity
exchange it for fully subsidized solar pumps. The farmers get free power through own generation
during the daylight hours. Surplus electricity is sold back to the grid at a FIT. However, for the first
10 years, the vast majority of this money is used to recover capital costs, profit investors, and paying
interest. Therefore, for this period the model does not complement farmer income flow and
implements no incentives to reduce water and energy use.
IV. Farmers as land-leasers to solar companies (contributes solely to criteria 7)
In this model, farmers lease their land out to solar companies to use as solar farms. The model is
meant to transform unproductive wasteland into energy-producing land. This solar energy can be
used to power electrical irrigation pumps. There are however some downsides for farmers and
food production. In reality, instead of wasteland being transformed, productive farmland has been
used for leasing. This is implemented on a large scale, as 292 projects have been started in India at
a budget of more than 8 billion USD (Lalchandani, 2019).
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V. Non-subsidy market model (addressing criteria 3, and 6 partially)
Letting the market run free and without intervening with subsidies has been the policy of Pakistan
and Sri Lanka regarding solar pump technology so far. The model is aimed at creating a normal
market without subsidies. It has resulted in slow adoption rates, with the technology mainly being
used by large, wealthy farmers. It is expected that when PV panel prices further decrease, the market
will grow, at the expense of groundwater conditions (Watto, 2016).
VI.

Solar irrigation service provider (S-ISP) model (addressing all criteria to some
extent)
This model is focused on creating equitable access to irrigation in areas of abundant groundwater.
The high running costs of diesel pumps make irrigation expensive for the most resource-poor
farmers. A pilot in the state of Bihar by the IWMI aims to create a pro-poor irrigation market
through five features: (1) identifying qualified farmers (young men/women with entrepreneurial
spirit and experience with selling diesel pumps, (2) Installing 6-8 solar pump systems in the village
with overlapping command areas, (3) Support them in owning and operating 5-6 kWp systems
(over conventional 1-2 kWp systems) (4) Ensure full summer pumping capacity through checking
borewell depth (5) Enlarging the command area of each system through installing 300-500m long
underground pipes. Evidence from this pilot and one in Bangladesh shows that prices of irrigation
water dropped 40-60% compared to water from diesel pumps, and rapid expansion of pro-poor
irrigation that crowded out diesel pumps. This model addresses all criteria to a lesser or greater
extent but is dependent on a context with high groundwater availability.
VII.

Solar power as a remunerative crop (SPaRC) (addressing all criteria to a lesser or
greater extent)
The main thought behind this model is to reduce water and energy demand by offering power
buyback at attractive prices, therefore creating positive substitution and output effects. Solar power
is perceived as a crop that can ‘grow’ on a farmer's land. This policy is seen as promising (Adhikari,
2020; Verma S. , pers.comm., 2021), as it can promote sustainable irrigation, give farmers an
additional income source which is relatively risk-free, reduce farm power subsidies, and incentivise
farmers to reduce groundwater and energy use (Shah T. D., 2016). This policy addresses each
criterion. Through SPaRC, 150 billion kWh/year of green power can be generated, SPaRC can
generate a total of ₹52,500 crore/7.1 billion USD of additional income for farmers (at a FIT of
₹7/kWh), reduce farm power subsidy spending by ₹70,000 crore/9.5 billion USD for DISCOMs
and state governments, up to a third of the current grid capacity can be freed up, reduce
groundwater pumping volumes in western India from 160 billion cubic meters of water year to
100-120 per year, and reduce the carbon emitted by the groundwater economy by about 15 million
metric tons per year (Shah T. D., 2016).

5.5.3) Policy model summary
Summarizing the findings from literature covering existing solar pump policy, a lack of
implemented policies that broadly assess the different criteria. Only 3 out of 7 policy models
address criteria 6, which is related to sustainable groundwater use, and generally not as a priority.
Policy model I (capital cost subsidy) is currently the most broadly used (Adhikari, 2020), and
focuses on the criteria for the energy and food sectors. Model V (market model) relies on the
possibility of a free market, where water prices are included in the price of pumping, so is
conditional and without active intervention. Model VI’s (solar irrigation service) addressing of
criteria 6 is based on surveys, which are prone to error, and it still focuses on expanding irrigated
area and is therefore expected to only address the criteria to a limited extent. Policy model VII
(remunerative crop model) is mentioned in literature as one of the most promising policies
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(Adhikari, 2020; Shah T. V., 2014), partially because of the policy addressing all criteria to a certain
extent, and is the only model which intrinsically motivates farmers to conserve water.
Implementation meets strong opposition which can hinder the model’s usefulness. This will be
discussed further in chapter 6.3.5.

5.6) Prioritisation findings from interviews
The effects presented in this chapter as found in literature are supported by data collected through
the interviews. Verma, S. of IWMI stated that “For the people who are largely responsible for
making the decisions about solar (energy), groundwater is not a priority.” and “The energy ministry
is only concerned about the concerns of the energy sector.” (Verma S. , pers.comm., 2021). As the
energy ministry is driving the push for solar pumps, this indicates that the water sector is not a
priority in this context. The policy that stems from the push from the energy sector is mentioned
by researcher Shah, T. as aimed at liberating the energy sector from the high costs of energy.
According to him, the stakeholders for the energy sector decide on basis of the effects for the
energy sector in India, with impacts on the water sector (of which they are stated to have a poor
understanding) perceived as only a side effect (Shah T. , pers.comm., 2021). Ghose, N. from the
Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) mentioned the political agenda
in India, which is only recently focussing on longer-term issues such as environmental conservation
and climate change (Ghose, pers.comm., 2022). This is partially due to -as well as- a reason for the
unawareness regarding groundwater issues in the country (Ghose, pers.comm., 2022). This lack of
awareness was elaborated upon by Verma, S. as well, by mentioning that the water ministry is
unaware of the impacts of solar pumps on groundwater (Verma S. , pers.comm., 2021). This
indicates that even a stakeholder hypothesized to be a powerful stakeholder in the water sector,
does not have conservation of water resources as a priority, partially as a result of this lack of
awareness. A lack of awareness regarding these issues is perceived to be linked to sector
prioritisation, as it is difficult to balance the impact on sectors through policy when effects have a
significantly different degree of awareness. This is complemented by the interview with Liebrand
J., professor at Universiteit Utrecht, who stated that within the Indian government, there is little
attention paid to the conservation of water resources, and a low degree of implementation of
proposed conservation measures (Liebrand, pers.comm., 2022).

5.7) Prioritisation conclusions
This chapter aims to support the hypothesis that there is an imbalance between the water, energy,
and food sectors in India when it comes to the distribution of positive and negative (as seen by
academics) effects of the implementation of solar pumps. This subchapter concludes the findings
from literature regarding effects and policy.
The solar pump effects analysis shows clear benefits for the Indian energy sector. Decentralized
power generation, lower subsidy burden, and reduced grid load are all positive effects on the state
of the electrical grid and the government-owned DISCOMs. Additionally, lower oil import
requirements are financially beneficial and reduced emissions from the agricultural sector fit a
climate change mitigation narrative as presented by the Government of India. The effects on the
food sector are mixed. Increased access to power, through both a more reliable power grid and
access for more people as well as a larger area, has the potential to create higher food security
through higher and more varied food production. Economic benefits mean farmers could
potentially increase their profits, improving their wellbeing. These positive effects are offset by the
risk of higher inequality among farmers and a lack of support infrastructure. For the water sector,
solely threats and negative effects are found. The combination of near-zero running costs,
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increased access to irrigation, and high solar radiation combined with long daylight hours, means
that the implementation of solar pumps can result in increased groundwater use and therefore risk
escalating India’s existing problems with groundwater overexploitation. The broad use of policies
regarding solar pump implementation in India currently is to achieve benefits for the energy and
food sector. Protection of the water sector and groundwater resources is not yet an objective
thoroughly addressed in these policies. From these findings, it can be concluded that there is an
imbalance between the water, energy, and food sectors regarding the effects of solar pumps. In the
next chapter, chapter 6, the reasons behind the imbalance and specific focus are elaborated upon.
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6)
Stakeholder factors affecting sector
prioritisation
6.1) Introduction
From the interviews and literature study performed, stakeholder-network factors affecting the
prioritisation between sectors are identified. These factors are presented in this chapter. Internal
factors (factors regarding the internal organisation and functioning of the Government of India,
influential without direct interaction with other stakeholders), influence the working and focus of
the Government and have a significant impact on the prioritisation of sectors in India and the
stakeholder network. Additionally, most other stakeholders either work together with the
government or aim to influence it. The Government of India is such an important and central
stakeholder in this context, that as a result the chapter is structured through internal factors and
the interactions with other stakeholders.

6.2) Internal governmental factors
6.2.1) Engineering perspective and conservation of resources
Older, engineering-based ministries have more impact as compared to ministries focussing on
sustainability and social factors. A professional hierarchy exists in the Government of India where
engineers are at the top, and social scientists have little power and influence (Liebrand, pers.comm.,
2022). Resource conservation perspectives are viewed as unproductive in Indian government
bureaucracies. Because of this, government employees are not keen on taking a conservationist role
in a ministry, and conservation of resources is not a point of priority (Liebrand, pers.comm., 2022).
The governmental water sector overall is dominated by civil engineers, and geohydrologists for
groundwater (Joy, pers.comm., 2022). This high degree of homophily in the governmental water
sector means different perspectives are excluded from decision-making, while multiple perspectives
are necessary for successful natural resource governance (Prell, 2016).
The allocation of funds to ministries, as well as their size, importance and influence are expected
to be related to colonial history. This partially stems from the colonial past of India. The influence
of this colonial past is still present today, as “the effect of a history of colonialism can last for a
very long time, though it may eventually disappear” (Iyer, 2002, p. 20). “Our judiciary, our legal
system, our bureaucracy, and our police are all great institutions, derived from British-Indian
administration, and they have served our country exceedingly well.”, which was said by Manmohan
Singh, the 13th prime minister of India (Singh M. , 2005). British colonial rule influenced the way
of thinking of an entire generation of Indians (Gilmour, 2019). The colonial past runs through all
sectors of life in India (Joy, pers.comm., 2022). British colonialists selectively annexed areas based
on agricultural potential and were less concerned with the progress of an area as compared to native
rulers (Iyer, 2002). During British rule in India, colonial engineers imposed their irrigation schemes
on the landscapes and people of India, backed by strong confidence in the engineering solutions
(Broich, 2007; Joy, pers.comm., 2022). Water use in India today still has a maximisation perspective
stemming from colonial history. The worldview that science and technology can rule everything, is
still carried on and influences the way Indian bureaucracy is structured.
The budget overviews as presented by the Department of Expenditure of the Ministry of Finance
illustrate what is expected to be the effects of this engineering perspective. The funding for the
Ministry of Petroleum and Natural Gas for projects and schemes is 42163 crore rupees (5.60 billion
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USD) and a total budget of 42240 crores (5.61 billion USD). The Ministry of Environment, Forests
and Climate Change (MoEFCC) has a budget for projects and schemes of 1580 crores (210 million
USD) and a total budget of 2500 crores (330 million USD) (Department of Expenditure, 2021),
data for the 2019-2020 year. Additionally, the MoEFCC only allocates a small portion of its work
toward water resources. Of the 66 departments in the Environment Wing the Ministry oversees, a
mere 3 focus on water, the Control of Pollution Water, which is water quality, and the other two
departments focus on river conservation. Groundwater and water quantity don’t seem to be a
priority for the ministry responsible for implementing environmental policies and programmes.
When including the budget numbers a low priority for groundwater conservation seems to be
present in the Indian government.
This factor is an issue of problematisation. Conservation of water resources in an Indian context
is largely a social science, as the way irrigation technology is used and governed has a large impact
on water use. As the Government of India is the most influential stakeholder, they are in a position
to determine what goals to achieve and what issues to address. As an engineering perspective is
prevalent in the Indian government and conservation perspectives are viewed as unproductive,
there is little incentive to use a social perspective and address water conservation. Due to this
engineering perspective, in combination with the influence they have on other, non-governmental
stakeholders, the Government of India sets the agenda for other stakeholders as well. Other
stakeholders (such as the research agencies and NGOs) which address different issues and aim to
achieve different goals, do not make a large impact as a result. This process is explained more indepth in chapter 6.3.1.

6.2.2) Control and responsibility
Both the water and energy sectors are dominated by governmental stakeholders. As the amount of
control exerted by the government over these sectors is large (Joy, pers.comm., 2022; Verma S. ,
pers.comm., 2021), defining which issues are deemed a priority and which aren’t is mainly
determined by the government. Consequently, the stage of problematisation is largely controlled
by the Government of India. The government’s definition generally does not include water
conservation as a priority, and the water sector receives little attention in the context of solar pump
implementation policy as a result. As an engineering perspective is dominant, and socio-political
issues are not a focal point, important government ministries are given tasks focused on the
quantitative and technical side of solar pumping. Highly influential government bodies such as the
CGWB and MNRE, have no incentive to focus on water use and conservation as a result (Liebrand,
pers.comm., 2022). The government problematisation means no responsibility for the socialpolitical matters related to water use is assigned. Consequently, the governmental water sector
which is in a position of influencing policy and the prioritisation of sectors more directly is not
concerned with or responsible for socio-political matters. The governmental water sector takes an
observational role, being absent from discussions, providing empirical reports, and not engaged
with solving the issues they present. They are said to be unaware of the impact of technologies and
do not make linkages between the sectors (Shah T. , pers.comm., 2021).
The most powerful stakeholders in the water sector do not have water conservation as a priority.
As the water sector issues are primarily social-political, neither do they possess the right perspective
to accurately assess the options for water conservation. This factor shows the high degree of
centralization present in the stakeholders with solar pumping. Because the Government of India is
such a powerful stakeholder, and many stakeholders are tied strongly to the government (such as
ministries, DISCOMS and boards), the perspective used is uniform, and strongly tied stakeholders
have a high degree of homophily. Additionally, the control of the government on the energy and
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water sectors allows them to block other perspectives and goals from influencing the prioritisation
of sectors, as discussed in subchapters 6.3.1 and 6.3.2. This means the high degree of centralization
in the control of the water and energy sectors results in a lack of focus on resource conservation.

6.2.3) Interdepartmental coordination
To identify a sustainable balance between the water, energy, and food sectors, interdepartmental
coordination is needed (Pahl-Wostl, 2019), where assessment of the sustainability of policies and
the trade-offs and synergies between them is performed. The Government of India currently lacks
interdepartmental coordination (Bhattacharyya, pers.comm., 2022; Ghose, pers.comm., 2022). Due
to this, there are no inclinations and incentives to look at sustainability on a nexus level (Ghose,
pers.comm., 2022). The effects of (state) policies are not evaluated sufficiently, leading to a lack of
understanding of synergies and trade-offs (Mukherji, 2020).
Contradicting policies and policy objectives are an effect of this lack of interdepartmental
coordination. The effects of these contradicting objectives counteract each other and are partly a
result of the way responsibilities are divided between different government bodies (Liebrand,
pers.comm., 2022). The interaction between energy subsidies and groundwater overexploitation is
an example of this (Shah T. , pers.comm., 2021). Highly subsidized energy incentivizes more
groundwater use through electric pumping. Besides this, the Indian Minimum Support Prices policy
provides a guaranteed base price for certain cash crops to increase the price security of farmers
(Aditya, 2017; Ghose, pers.comm., 2022). Several of the crops included in this policy are waterintensive, such as rice and sugarcane. As a result, farmers are motivated to grow water-intensive
crops, even in water-stressed states (Ghose, pers.comm., 2022). Additionally, one of the most
procured crops under this policy is rice (a crop with high water needs), and awareness of the policy
is high in water-stressed states such as Chhattisgarh (Aditya, 2017). Policies like these counteract
groundwater conservation efforts taken in India, such as the Atal Bhujal Yojana (National
Groundwater Management Improvement) project. This project has both supply and demand-side
measures, including Managed Aquifer Recharge, aimed at counteracting groundwater depletion
(Richard-Ferroudji, 2018). However, the overall effectiveness of artificial groundwater recharge
projects and groundwater conservation in general is severely diminished when placed in a broader
perspective against other policies which are exacerbating groundwater extraction.
This situation of government policies counteracting each other is therefore caused by a lack of
interdepartmental cooperation and coordination. Varying goals and objectives of projects
implemented by government bodies cause a situation where the effects of one project or policy
work against the effects of another. Because the Government of India does not actively strengthen
the ties between government agencies, the amount of cooperation is low though the degree of
homophily between ministries is high. No motivation for bridging between ministries is provided
by the government, meaning these weak links do not lead to cooperation as well. As for the effect
on the prioritisation between sectors, coordination deficits have the strongest repercussions in the
water sector (Pahl-Wostl, 2019), making the lack of interdepartmental coordination especially
relevant for this study. Besides the lack of schemes that support groundwater sustainability,
comprehensive assessment of implemented policy is missing in general (Ghose, pers.comm., 2022).
For the water sector, this means that the effects of the small number of schemes supporting
groundwater can be nullified by the indirect negative effects of other, larger schemes and policies
on the groundwater situation.
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6.3) Interactions with other stakeholders
6.3.1) NGOs and licencing
In recent years, the Government of India has been tightening legislation regarding licencing and
funding for foreign NGOs in an attempt to reduce their impact in India. A report by the India
Intelligence Bureau published in 2014 accused foreign NGOs of reducing India’s gross domestic
product by 2-3% (Ranjan, 2014), calling the civil societies and their activities “anti-nationalist”
(Doshi, 2016). The foreign NGOs, specifically those from the Netherlands, UK, US and Germany
are framed negatively. They are said to harm India’s international reputation and stall development
projects by addressing ‘people-centric’ issues such as human rights, government accountability, and
economic fairness (Sabharwal, 2020).
Besides negative framing, steps have been taken to regulate the influence NGOs have in India. The
main step was the introduction of the Foreign Contribution Regulation Act (FCRA) in 2010. The
FCRA allows for the rejection of NGO licence renewable requests. This has been used to actively
prevent foreign funding for the organisations. Previously, granted licences were permanent. This
was changed to a policy of licences requiring renewal every 5 years. In 2016, the licences of 25
NGOs were revoked despite a full application for renewal (Sabharwal, 2020), based on ‘field
reports’ that were never shared and the statement that the application ‘failed to meet the legal
requirements’. The reasons for rejecting these renewal requests often lack a solid legal basis (Joy,
pers.comm., 2022). A further 11.319 NGOs have had their licences revoked due to failure to renew.
Because of this, the pool of NGOs in India in 2016 was a little more than half its size compared to
2014 (Doshi, 2016). The following years, this trend has continued with nearly 15.000 NGOs having
their licences revoked by 2019 (Reuters, 2019). Primarily NGOs in distinct opposition to, and
providing resistance against government projects, are prone to government intervention (Joy,
pers.comm., 2022). Offices of NGOs with revoked licences reliant on foreign funding had to
severely downsize or close. The Indian branch of Greenpeace for example, an international NGO
focused on environmental issues, had its bank account frozen in 2015 following research by the
Indian financial crime investigation agency on accusations of illegal donations. Through the
inability to pay wages, 40 out of 60 employees had to be fired and two of Greenpeace’s regional
offices in India closed as a result (Reuters, 2019).
Furthermore, new rules are implemented which make using foreign funds more difficult. NGOs
normally cooperate with other stakeholders on projects. This new legislation means that when an
NGO like SOPPECOM receives foreign funding, the funding cannot legally be used by other
NGOs or stakeholders but has to be spent by SOPPECOM only (Joy, pers.comm., 2022). This
reduces the number of ties an NGO stakeholder has and consequently their centrality, adversely
affecting cooperation and the ability of NGOs to achieve the goals set.
The objectives as set by the government in the stage of problematisation generally do not match
the objectives of the NGOs. As the government is such a powerful stakeholder in the Indian solar
pump context, they have the possibilities under the FCRA to actively block NGOs with different
objectives from influencing the stakeholder network and the prioritisation of sectors. Closely
relating to interessement, this process shows how the new rules actively block stakeholders from
cooperating. In this case, the Government of India sets NGOs into a role of limited cooperation
with other stakeholders and low influence on the stakeholder network as a whole. The
problematisation stage is used as justification for the diminishing role of NGOs, focussing on
(economic) development as a goal as opposed to natural resource conservation. Various actions
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are taken against the involvement of NGOs in processes around sustainability, through the
implementation of the FCRA and use of the act for revoking licences.

6.3.2) Link to research
Many research agencies are active in the stakeholder network around solar pumps in India. They
can play a connecting role and collectively possess a broad understanding of the effects of solar
pumps on the environment. Research agencies identify that engaging with the government is the
way for influencing system-wide change. Engagement by research agencies with the government is
aimed at demonstrating practical models and sound policy, and promoting resource conservation
(Rahman, pers.comm., 2021). The impact of research agencies on solar pump promotional policies
is restricted, mainly due to the government’s limited engagement with academic information and
closedness to input from the research agencies. For example, cooperation between several
stakeholders like activist groups, engaged individuals, research institutions and NGOs led to
forums for policy dialogues, which are not met with interest by the government and the outcomes
are not taken up (Joy, pers.comm., 2022).
As research agencies often publish findings in literature, it is relevant to expand on the impact of
these publications on government decision-making. Government agencies such as the MNRE do
not directly commission literature, publishing academic literature is mainly stimulated by
international partnerships (Verma S. , pers.comm., 2021). When research findings are published in
academic literature, the points made are not taken up by the government as government officials
generally do not read or engage with academic literature (Shah T. , pers.comm., 2021) unless instead
of criticism, options are provided which are solutions to the problems as defined by the
Government of India (Verma S. , pers.comm., 2021). Again, problematisation plays a significant
role, as what is defined by the government and the research agencies as problems is often not in
line. As a result, academic literature has little impact on policy design.
When agencies are part of the government, the government perceives them as more trustworthy
and credible (Magal, pers.comm., 2021), increasing the strength of ties. Research agencies like the
IWMI and CEEW who remain independent therefore experience restricted communication with
the government as compared to agencies connected to government branches. Another factor
influencing this credibility is the age of a research agency, with long-standing organisations enjoying
a higher degree of respect from the Government of India (Magal, pers.comm., 2021), which is
expected to influence the uptake of research conclusions. This is related to the hierarchical structure
of the government, in which older ministries have larger budgets and more impact (Liebrand,
pers.comm., 2022). This factor influences prioritisation through the process that environmental
conservation has only relatively recently gotten more attention as compared to engineering and
irrigation for example, meaning environmental agencies and ministries are often comparatively
young. Joy (2022) mentioned the government’s closedness towards input from other stakeholders
to be related to the strong hierarchical nature. The uptake of comments is described as an
untransparent process, into which agencies have little insight. The larger the scale of the project,
the less input is accepted (Joy, pers.comm., 2022).
A route through which more government engagement is experienced by researchers is pilot
projects. They get more traction as compared to other forms of research as government officials
have the opportunity to visit and view them (Shah T. , pers.comm., 2021). As only when benefits
are adequately demonstrated (Magal, pers.comm., 2021) and a better way of approaching the issues
is presented, the government accepts the outcomes (Verma S. , pers.comm., 2021), pilots are a
powerful tool for demonstrating the effects of policy suggestions. Pilots can show practical models
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and promote conservation. Cooperation between research agencies and the government on pilot
projects is a way toward sustainable policy implementation (Rahman, pers.comm., 2021).
Funding for pilots is necessary to demonstrate the effects in the field (Magal, pers.comm., 2021;
Shah T. , pers.comm., 2021). Funding for research often causes the need to get published and is
aimed at knowledge creation and academic goals rather than impact on policy (Shah T. ,
pers.comm., 2021). Because of this, Shah T. (2021) argued that funding is aimed wrong in the
context of solar pumps in India. Practical issues are hard to find funding for, and funding for
research pilots should be encouraged (Shah T. , pers.comm., 2021). As a result, pilots are a less
effective tool for linking research and policy in this context.
The last point made in this subchapter regards the recommendations made in research that get
included in policy design. The government officials responsible for policy creation have their own
objectives, which often differ from those of the people performing research. Due to the lack of
transparency regarding implementation as mentioned before, researchers lose control when policy
gets modified before implementation (Shah T. , pers.comm., 2021). An action such as scaling up
affects the impact of the recommendations. The effect of these recommendations can therefore be
different than intended by researchers through adaptation by the government, which can be
counterproductive and reduce the beneficial effects of research recommendations for water
conservation.
The weak link between research outcomes and government uptake can be seen as a problem of
problematisation. As the degree of centralization in the context surrounding solar pumps in India
is high, cooperation with the government as central stakeholder is needed for research agencies to
influence policy with their own objectives. The independent research agencies have weaker ties to
the government. As the Government of India rarely accepts input unless they provide benefits for
the energy and food sector, finding a win-win-win scenario for all three sectors is needed to be able
to implement water conservation, which is a difficult task. The interessement stage is also relevant,
as there is no agreement between the two groups of stakeholders on what the issues to be solved
are, which means cooperation is blocked. The government blocks this cooperation by not engaging
with research findings, participating in dialogues, or limited adoption of research
recommendations. Additionally, enrolment efforts by the research agencies are made difficult as
funding for pilots is difficult to find, meaning cooperation with other stakeholders in regard to
influencing policy through pilots is limited.

6.3.3) Public awareness and participation
As a large percentage of the Indian population is involved in agriculture, many Indians live and
work with water on a day-to-day basis. Joy (2022) mentioned the presence of a basic level of
consciousness and awareness regarding water resources among the Indian public. However,
awareness of the effects of actions and a broader understanding of water systems are often lacking.
Actions such as deepening a well and the effects on a (shared) aquifer are generally not well
understood by the Indian public (Joy, pers.comm., 2022).
This lack of understanding and awareness has effects on policy. As there is little awareness of
groundwater and water resource issues from the public in general, it is not yet a focal point on the
policy agenda (Ghose, pers.comm., 2022). As India is a democracy, candidates for national and
state government need to be chosen. Candidates address issues which the general public has a lot
of awareness about, and which influence their choice of candidate. As water resource issues are not
a priority of many voters, they do not become election issues. The 5 years terms for election and
long-term scope of water conservation is another reason water resources are generally not included
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in election agendas. Regardless, the inclusion of climate and environmental issues as election issues
is on the rise (Ghose, pers.comm., 2022), but not yet to a point of priority.
Environmental policies are adopted by governments when political support is determined based
on the voting communities’ priorities (Gupta N. , 2014). This connection between the priorities of
voting communities and government policies is bilateral, as the government can influence public
awareness through educational programmes and media. Increased awareness of issues does not
directly lead to increased participation. This is an important factor, as “The community
participation in environmental management has been recognized across the globe as an important
element in the process of sustainable economic development.” (Gupta N. , 2014, p. 148). The lack
of participation in environmental management in a case study in Ludhiana, Punjab, was found to
have several reasons. An attitude of unconcern, placing responsibility fully on state level, vested
interests, and inadequate publicity were all mentioned as reasons to refrain from participation in
environmental management. Additionally, the absence of expert knowledge among individuals is
mentioned as an important factor (Gupta N. , 2014), which can be related to the engineering
perspective which is dominant in governance in India. When engineering solutions are seen as the
only legitimate route for engagement, individuals without an engineering background can view
themselves as unproductive in this context, causing them to refrain from participation.
Because participation in decision-making regarding environmental management is low, the ties
between the public and government in this context are weak. The public is not included in the stage
of problematisation or interessement. When the responsibility for environmental management is
placed fully on state level, and they fail in doing this sustainably in the stage of mobilisation, a lack
of participation prevents the public from intervening. This reduces the chance of successful natural
resource management, as recognition of various views and perspectives is needed (Prell, 2016).

6.3.4) Solar pump market
A government can drive the market to incorporate the true environmental costs of the system by
creating stricter environmental policies (Gupta N. , 2014). Currently, there is no natural market
(driven by the interaction between demand and supply instead of a push through government
policy) for solar pumps in India. High subsidies discourage the growth of the non-subsidized
market (Shah T. V., 2014). As capital cost subsidies are very common currently, the view on the
actual price of solar pumping systems is skewed (Closas, 2017). Aside from this, farmers still see
solar pumping systems as overpriced, even with the high capital cost subsidies (Kishore A. S.,
2014). Many small-scale farmers lack the required financial means for such an investment (Kishore
A. S., 2014), as well as lacking the incentives to invest in a solar pump without government
promotion (Shakti Sustainable Energy Foundation, 2014). In addition, the strict conditions that
manufacturers need to meet to be eligible to enter the solar pump market mean normal market
competition, which is usually beneficial for the consumer, is not possible. Moreover, the efficiency
of pumps is not reflected in their price as the price is based on the watt-power rating, meaning
higher efficiency pumps are not more attractive to purchase. Lastly, because prices of solar panels
are declining, and the prices of systems as determined by the policy are solid, the systems are more
e pensive than needed. This benefits the manufacturers through higher profits, and not the farmers
or taxpayers through lower pump prices (Kishore A. S., 2014).
Summarized, this means the normal benefits a healthy market with competition provides to
consumers, are not present. The market will not grow naturally through the high subsidy policies
and low incentives for farmers to invest in a solar pump system, and it is not possible to include
the environmental costs of water in the price of the pumps. As the price of water paid by farmers
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currently doesn’t include the external effects of overexploitation as a result of a lack of a functioning
market, farmers as a stakeholder group refrain from participation and water conservation is not
brought up in the stage of problematisation. If the external effects of water use were to be carried
by the politically strong group of farmers, water conservation would likely be an issue to discuss
and agree on for decision making.

6.3.5) Policy opportunities
The state electricity boards chose to switch to flat tariffs for electricity in the 1970s (see chapter
1.2) (Mukherji, 2020). In light of current groundwater trends in many states, a need for intervention
has been identified by researchers. Reintroducing metering is seen as critical in solving the nexus
between electricity subsidies and groundwater overexploitation (Shah T. R., 2021). Metering is seen
by researchers as essential in good groundwater governance, as most water-related issues have
formed since the switch to flat tariffs (Shah T. V., 2014), The combination of a lack of metered
wells and flat tariffs is regarded as the source of groundwater overexploitation issues. Reintroducing
metering is now broadly recommended as an essential step in protecting groundwater resources
through policy (Gupta E. , 2017; Rathore, 2018; Shah T. V., 2014). In addition to conserving water
use, it can reduce subsidy burdens and improve the financial health of DISCOMs, as well as reduce
the use of energy for agricultural pumping (Shah T. R., 2021).
Related to the reimplementation of metering, is the push for solar power as a remunerative crop
(SPaRC, see chapter 5.5.2, policy VII). The policy entails the possibility for farmers to sell surplus
power they generate back to the grid for a feed-in tariff. This is supposed to incentivise water and
energy conservation through positive substitution. Promotion of policies like this is recommended
by researchers (Adhikari, 2020), and can be presented as a positive form of metering through which
farmers can earn money (Magal, pers.comm., 2021; Verma S. , pers.comm., 2021). SPaRC has seen
a strong push from the government in the last few years (Ghose, pers.comm., 2022), and funding
was provided for a large-scale pilot. Suryashakti Kisan Yojana (SKY) was a large pilot project (120
million USD budget) in the state of Gujarat aimed at solarizing and metering tube wells and
providing farmers with payment for the electricity they generate. The solar pumps are powered by
grid electricity, and the electricity generated is managed by DISCOMs. Unmetered farmers sharply
reduced their energy consumption per installed horsepower once payment for energy started. This
change was more pronounced in groundwater-scarce areas. Lastly, the government-run power
distribution companies were set to gain financially from the policy, despite the 95% subsidy on
solar panels provided by the project (Shah T. R., 2021).
From this pilot, it can be concluded that SPaRC can be a viable policy design for using solar pumps
for water and energy conservation. SPaRC is seen by researchers as the most promising option as
it is the only policy option intrinsically motivating farmers to conserve resources, whilst addressing
the other criteria as mentioned in chapter 5.5.1. There are, however, several barriers preventing this
policy opportunity from being viable under the current political situation in India.
An important barrier is the fierce resistance farmers offer against the reimplementation of metering
wells (Shah T. , pers.comm., 2021; Verma S. , pers.comm., 2021). Since the implementation of flat
tariffs, farmers have become accustomed to low water costs and high pumping availability. (Verma
S. , pers.comm., 2021; Rahman, pers.comm., 2021). Farmers believe metering will affect them
negatively (Ghose, pers.comm., 2022), through the fear that it will increase their pumping costs
(Joy, pers.comm., 2022; Verma S. , pers.comm., 2021). Because of this fear and the attachment to
low pumping costs, farmers have offered stiff resistance to previous attempts at metering.
Additionally, farmers have successfully prevented changes in the height of flat tariffs (Shah T. R.,
Page | 33

2021). Because India has such a large group of farmers, it means they stand politically strong (Magal,
pers.comm., 2021), and reimplementing metering has become a large political problem (Rahman,
pers.comm., 2021). The political class refrains from taking a stance on the issue (Joy, pers.comm.,
2022), as taking a stance in favour would mean losing votes from an important group. As farmers
with a grid connection currently get 4-5 hours of electricity per day, and the grid needs to be live
to enable the possibility of adding power to the grid, more hours of grid electricity are needed. This
can cause farmers to start using more electricity and water instead of less (Rahman, pers.comm.,
2021). Besides the social-political challenge of implementation and use, physical challenges are
present as well. Sending back electricity is only possible for farmers with a grid connection, while
the majority of currently installed solar pumps are off-grid (Rahman, pers.comm., 2021). Grid
electricity prices are on occasion negative, as load needs to be discharged due to overgeneration.
This means that the broad-scale implementation of SPaRC can face severe grid challenges (Verma
S. , pers.comm., 2021). In addition, the logistical difficulties of metering as previously experienced
have not been solved and meters can be tampered with or unreadable. (Closas, 2017).
As SPaRC and metering implementation are politically sensitive subjects that the political class
refrains to take a stand on, the stage of problematisation is influenced to where implementing
metering is not identified as a goal. The large group of farmers enjoy a high degree of homophily
and strong ties. They stand strong in preventing other perspectives from gaining much traction in
the discussion surrounding metering. In summary, the policy generally regarded as the most
promising and the only current intrinsically motivating one addressing all relevant criteria, faces
several barriers that severely reduce its viability for increasing water conservation.
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7)

Discussion

7.1) General notes on methodology
The methodology of interviews is fitting for answering the research questions. As the interviews
were prepared for in advance by adapting the questions to the background information of the
stakeholder, interviews were for the most part efficient and covered the relevant topics within the
timeframe reserved by the interviewee. In addition, the semi-structured nature of the interviews
allowed for enough flexibility to pose follow-up questions to the interviewee's answers. The
combination of using interviews and existing literature led to substantiating findings from
interviews through existing literature and therefore more reliable results.

7.2) Methodology and stakeholder identification
The way interviewees were approached (the snowball method, and reaching out through digital
means) has the potential of causing blind spots in the stakeholder analysis. As mentioned in chapter
6.3.3, engagement of the farmer stakeholder groups in solar pump decision-making processes is
low, and government ministries generally do not have conservation as a focal point. This creates
issues when reaching out to potential interviewees; as the willingness to participate of these
stakeholders is low, a bias is created towards interviewees interested in the subject of this study,
which can influence the results and conclusions drawn through the absence of an important
stakeholder’s perspective.

7.3) Use of language in interviews
Performing interviews live and semi-structured with people from India meant a certain proficiency
in the Indic languages was required from the interviewer, which the interviewer had not. As no
translator was used, the use of the English language as a lingua franca was required to be able to
communicate. This meant only interviewees able to speak English could be interviewed for this
study. This additional requirement for interviewees meant some stakeholders would be more
difficult to interview or could not be interviewed. Additionally, language barriers occasionally
restricted the usability of data (for quotes for example) as well as the possibilities for acquiring data
(through miscommunications and time restrictions).

7.4) Effects of online interviews
Performing interviews one-on-one and online means there are requirements for interviewees that
can restrict some stakeholders from participating. Performing the interviews online means that
technology is required for communication. This causes a bias towards stakeholders that are more
engaged with the technology used and excludes stakeholders not able to participate due to a lack
of the right equipment or experience with the equipment. This can create blind spots for
stakeholders who can be relevant to the process of prioritisation, but who are less technologically
engaged, which means they are not identified by this study through the methodology of interviews.
Which stakeholders these factors (chosen language, online, and stakeholder identification
methodology) are expected to affect is discussed in the next subchapter, 7.5.

7.5) Missed or insufficiently interviewed stakeholders
The choices for the methodology of interviewee selection, as well as English as a language and
through online platforms as described in the subchapters above (7.2, 7.3, and 7.4) mainly affects
the stakeholder analysis and create the risk that a relevant stakeholder is not interviewed, or even
identified at all. Doing the interviews online is the most influential factor in this risk, followed by
interviewee selection and the use of the English language. For the identified stakeholders, the risk
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of a stakeholder not being interviewed is mainly applicable to the farmers stakeholder group and
the government bodies. From the stakeholder analysis and identified stakeholders, farmers are the
only group which have not been interviewed directly. This is relevant as the farmers' perspective
would have given more insights into subjects such as awareness, participation, voting and policy
linking, and the effects of solar pumps on the sectors. In addition, the role of farmers and farmers'
associations in the stakeholder network would be further clarified. Other stakeholders identified to
be important, such as the Central Ground Water Board, were not interested in being interviewed.
This could potentially be a result of a lack of interest in conservation subjects, but this is difficult
to determine.

7.6) Suggested methodological improvements
The downsides of the used methodology could be reduced or prevented by changing the
methodology for this subject, performing the interviews in real life on location in India with a
translator present, possible in group as well as one-on-one contexts. Additionally, interviewee
selection would be less prone to the risk of the absence of a stakeholder through meeting
stakeholders in real life and coming into contact with their network. It is expected this change in
methodology would make results more reliable (through reduced risk of not interviewing or
identifying a stakeholder) and detailed (fewer barriers to communication through the use of a
translator and lack of using technology as a means for communication).

7.7) Influence of national perspective
Important to note is that the general perspective of this study is India on a national level. There are
large differences between the different parts of India, as the use-context for the technology,
resource availability, promotional policies, and social situation can differ a lot per- and within- each
state. For example, the state of Rajasthan, which is the state with the largest solar capacity (Kishore
A. S., 2014), has a significantly higher daily solar radiation as compared to Chhattisgarh (see figure
3). Groundwater conditions between these states differ significantly as well, with Rajasthan having
a depth to groundwater level of more than 40 meters on average, while groundwater in Chhattisgarh
is only 2-5 meters below the surface on average (data from January 2020 (CGWB, 2020)). The state
governments can adapt central policies to local contexts (Jain, pers.comm., 2021), adding to the
differences between states regarding the use of solar pumps. Factors such as state policy, resource
availability, and social factors affect the context in which solar pumps are used, and the effects the
solar pumps have on the water, energy, and food sectors. To illustrate this point, higher availability
of solar radiation will increase available pumping hours, and when the pumping hours are fully
utilized puts more stress on groundwater resources, which can already be overexploited depending
on the area. Accounting for the complexity of multiple smaller scales is not possible within the
timeframe of the research, therefore a national perspective is taken. Conclusions drawn for a
national scale may not be relevant for smaller-scale contexts. Taking a national perspective has
allowed for a broad perspective on the stakeholder network and the inclusion of international
actors (such as NGOs). Additionally, a perspective on a national scale allows for a clear view on
the influence of the Government of India regarding the process of innovation for solar pumps.
Focussing on a smaller scale could have enabled more detailed results, but the use of a large scale
has led to a broad understanding of the prioritisation of sectors and factors influencing this
prioritisation.

7.8) Literature findings
In support of the prioritisation hypothesis, the effects of solar pump implementation on the
different sectors are presented in chapters 5.2-5.4. Some of the effects of solar pumps on these
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sectors (such as increased water use, social factors influencing use and influence on food
production quality and quantity) are not yet broadly supported by research findings. Furthermore,
several of the studies referenced have modelling as their primary methodology, and only a small
number of studies use field research. As mentioned in chapter 1.1, modelling groundwater
quantities requires a lot of data and can be unreliable. Field research and case studies allow for
insights into farmer behaviour, the context in which solar pumps are used, and for data collection
regarding pumping hours and water use. More field research is needed in combination with
modelling studies to allow for more reliable results through triangulation. As not all the research
findings where the conclusions in chapter 5 are based on are broadly supported or based on
multiple methodologies, the reliability of conclusions drawn from the chapter is limited. As a result,
the purpose of chapter 5 is to substantiate a general prioritisation between sectors, More research
needs to be performed for statements regarding prioritisation to become more conclusive.

7.9) Role of NGOs in conservation
In chapter 6.3.1, the exclusion of NGOs from the stakeholder network through legislation imposed
by the Government of India is discussed as a factor to explain the lack of focus of the stakeholder
network on resource conservation. For this factor to be relevant, it relies on the assumption that
NGOs are a stakeholder focussing on conservation. This assumption is substantiated in this
subchapter. Vadaon (2011) concluded a crucial role for NGOs in environmental protection,
conservation and development in an Indian context, but this role requires cooperation between the
government, the people, and the NGOs (Vadaon, 2011). Frank et al. (2007) concluded that
international environmental NGOs can be the principal drivers of national policy reform. The
(believed) effects of NGOs in the reform causal chain are however mentioned to be a part of a
broader global-institutional regime instead of autonomous action of individual NGOs. This regime
entails international NGOs and intergovernmental organisations that together create
environmental policy guidelines and domestic NGOs that diffuse to (Asian) countries. As a result,
the effects domestic NGOs have and changes in environmental policy are linked to the engagement
of a country with this global environmental regime (Frank, 2007). As water conservation is not a
priority for the Government of India, this engagement is low, and this can partially explain the low
engagement with NGOs, as well as their small impact. Through these sources, the assumption that
NGOs can have an important role in environmental conservation is supported.

7.10) Use of WEF-nexus view
Taking a nexus perspective has been useful for substantiating the prioritisation between the water,
energy, and food sectors in a mainly qualitative manner. Making a solid prioritisation conclusion
requires more quantitative data for all sectors, such as water use data from farmers with and without
solar pumps, effects of solar pump use on food quality and quantity, and groundwater quantities
used for irrigation in contexts where solar pumps are used. For stakeholder analysis, viewing
stakeholders on a sector basis has been refrained from in this research. Stakeholders perform a
variety of actions that are not all in line with one sector specifically. Therefore, the stakeholder
analysis does not include connections to sectors, but the connection to the WEF-nexus is made in
chapter 6, where the stakeholder factors are connected to the effect they have on sectors or the
prioritisation thereof. The assumption that a nexus view is needed for creating a balance between
sectors is supported by the findings of this study and by existing literature, as shown in the next
examples. “A shift in paradigm has become a necessity in view of widespread problems of resource
degradation, which accompanied the past strategies to enhance production with little concern for
resource integrity” (Abrol, 2006, p. 1024). An integrated framework is crucial for conservation and
management of natural resources (Pani, 2021). Sustainable policy requires a nexus perspective
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which can be achieved through interdepartmental coordination (Ghose, pers.comm., 2022; PahlWostl, 2019). For policy to be sustainable, a broad perspective an all sectors is needed. Linkages
between sectors need to be made (Shah T. , pers.comm., 2021), and synergies and trade-offs
between management of the three resources need to be identified (Reinhard, 2017). The WEFnexus is such an integrated framework, connecting the effects of the implementation of technology,
and providing a broad perspective on the synergies and trade-offs between the different sectors.
The WEF-nexus has been a useful concept for structuring this study, and the assumption that a
nexus view is needed for identifying and achieving a balance between the sectors is supported by
literature and interviews.

7.11) Relating to other research
Several findings of this study are supported by previous research, and some are new or more
specific In this subchapter, the relation to other research will be explored. Comparable literature
regarding resource management and conservation in an Indian context is generally focused on the
use of water for agricultural purposes in a broad sense (Abrol, 2006; Dhawan, 2017; Pani, 2021),
and not on the effects of solar pumps specifically, or the effects of stakeholder interactions. The
findings from these more broad papers are, however, in line with the findings from this research.
Dhawan (2017) states that current subsidized energy policies create an incentive to overuse
groundwater, and fitting policies are a way of reducing these issues. In addition, more attention
should be paid to the socio-economic impacts of resource use by the agricultural sector (Dhawan,
2017). Pani (2021) recognizes that “successful conservation of natural resources requires active
participation of local people in the planning, implementation, and monitoring processes, along with
efficient governance” (Pani, 2021, p. 77). A less recent source, Roy (1998), identified a lack of
effective coordination between the state, government departments, and local communities
regarding forestry practices in India. This results in contradicting goals, eventually meaning
economically beneficial goals are prioritized instead of sustainability goals (Roy, 1998). Regarding
stakeholder analysis for solar energy in India, a knowledge gap exists for the agricultural use of
solar energy. Spratt (2014) took a stakeholder perspective regarding incentives to expand generation
and manufacturing capacity of solar energy in India on a national scale (Spratt, 2014). Dutta (2020)
performed a stakeholder analysis specific to the region of Jammu and Kashmir for rooftop solar
technologies (Dutta, 2020). Concluding, little research has contradictory findings to this study,
which is partially a result of the unique focus of this study and partially of the general support in
other literature for the more broad findings.
What is unique about this research is primarily the focus on the stakeholder network surrounding
solar pumps specifically, in combination with the use of the translation concept. No previous
studies have focussed on stakeholder interactions surrounding solar pumps linked to the influence
on prioritisation between sectors. Taking this perspective has allowed for a broad understanding
of the role of the Government of India in the process of innovation regarding solar pumps on a
national scale, covering both interactions with other stakeholders, as well as internal factors
influencing the working of the government regarding conservation incentives. These internal
factors provide insights into the reasons behind certain stakeholder interactions (or lack thereof),
such as NGO exclusion and low engagement with research agencies.
The use of the translation concept in this context allowed for insights regarding the role in and
impact of the Government of India on the stakeholder network. Enrolment and mobilisation
provided insights into the effects of certain stakeholder interactions (such as funding restrictions
for research agencies and public participation). Besides these insights, the stage of problematisation
is primarily relevant, especially in combination with the centralization concept used in SNA. Most
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factors influencing sector prioritisation are strongly related to this combination of the Government
as a powerful central actor and their resulting impact on agenda-setting, highly influenced by the
government’s problematisation. This insight is central to the conclusions of this research, and the
translation concept was useful in acquiring it. The stages of the translation concept can therefore
be useful in assessing the impact of stakeholder interactions on a process of technical innovation
like solar pump implementation.
The added value of this study in India is to provide a broad perspective on interactions between
the Government of India and other stakeholders regarding the implementation of solar energy for
agricultural use. As the scale of this study is national, the findings can be used as background
information for more detailed research focused on smaller spatial scales, taking into account the
different use contexts of solar pumps. In addition, the stakeholder interactions and internal
governmental factors (described in chapter 6) influencing sector prioritisation can be used as a
starting point for research aimed at gaining further understanding of these factors, their origins,
and effects on conservation efforts and cooperation between stakeholders.
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Conclusions

The main groups of stakeholders active in the field of solar pumping in India are the Government
of India, NGOs, research agencies, private companies, and farmers. The impact these stakeholders
have on the process of innovation varies and is linked to the degree of cooperation with the
Government of India. The Government of India is the most influential stakeholder in the
stakeholder network, and government bodies are the dominant stakeholders in the water and
energy sectors. The Government of India influences the stakeholder network in several ways.
Firstly and primarily, because of its powerful position, it sets the agenda and determines what the
issues to be addressed are relating to the implementation of solar pumps. Cooperation or
engagement by the Government of India with stakeholders which have different problem
definitions and goals is limited. Secondly, its powerful position allows the Government of India to
promote or prevent cooperation between other stakeholders. Thirdly, through a combination of
the power in defining issues, engaging or disengaging from cooperation, and legislation the
Government of India is capable of effectively blocking stakeholders from participation in the
network.
The focus of the Government of India regarding solar pumps is set on promoting the beneficial
effects on the energy and food sectors, and little attention is paid to the increased risk of
overexploitation on the water sector. The low priority for resource conservation is the result of
several factors. The focal point of government resources is put on engineering-based ministries.
An engineering perspective is dominant in the functioning of government bodies, though water
conservation in a solar pump context is mainly a social problem. Additionally, interdepartmental
coordination between government departments is currently lacking, resulting in contradicting
policies regarding water conservation as well as preventing assessment of the sustainability of
policies and the trade-offs and synergies between the water, energy, and food sector. The specific
goals of the Government of India for the energy and food sector combined with their powerful
position in agenda setting cause the need for other stakeholders to align their goals with those of
the government to enable cooperation and create an impact. As some stakeholders are unable or
disinclined to adapt, such as independent research agencies and environmentally and socially
focussed NGOs, their impact on the stakeholder network and prioritisation of sectors, as a result,
is either actively (through legislation) or passively (through lack of engagement by the Government
of India) reduced.
Combined, these factors create a stakeholder network where the agenda of the impactful
stakeholders is not focussed on water conservation and sustainability. An imbalance exists in the
attention paid to the effects of solar pumps on the water, energy, and food sectors. This results in
a process of innovation surrounding solar pumps where policy is implemented that provides
benefits for the energy sector (reduced subsidy burden and grid load, decentralized energy
generation) and food sector (increased access to power and irrigation, various economic benefits),
but fails to protect the water sector from the risks posed by the technology (increased groundwater
use and overexploitation).

8.1) Recommendations
Based on the findings from this study, general recommendations are made. In order to improve or
maintain the current groundwater situation in India on which many Indians depend for their
livelihood, a more thorough understanding of groundwater flows (demand and supply side) with a
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focus on long-term sustainability is needed. For the Government of India, a broader perspective is
recommended beyond the engineering perspective currently dominant. Social factors influenced
by solar pumps such as water sharing among farmers, water management decisions (full water
requirement irrigation or expansion of irrigated land), and crop choice have a significant impact on
the outcomes of a process of technological innovation regarding irrigation technologies. A better
understanding of social factors allows for more accurate assessment of implemented policy.
Regarding assessment in general, a hub ministry comprising of both social scientists and engineers
tasked with interdepartmental coordination, taking a broad perspective on synergies and trade-offs
between policies, and assessing policy sustainability is recommended. Finally, cooperation between
the Government of India and NGOs and research agencies can allow for the identification of winwin-win scenarios for all three sectors, or at least provide a more varied perspective on the issues
regarding solar pump implementation and can increase the chance of successful resource
management. The latter can also be partially achieved through the inclusion of the public and
technology users in decision-making processes.
In addition, research recommendations are made. More research is needed regarding the
quantification of the effects of solar pump promotional policy on the water, energy, and food
sectors. Both studies using models and case studies are recommended, as case studies can provide
reliable empirical data increasing the understanding of the current situation, and provide data to
base models on. Additionally, models can be used to predict future scenarios, which is relevant for
resource conservation efforts in light of changing climatic conditions. Secondly, it is recommended
to further research the effects of the factors found in this study on smaller scales and more indepth, to gain more insight into these factors, their origins, and effects on conservation efforts and
cooperation between stakeholders.
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Annex

Interviewee background data

Shortly the background data of all interviewees used in this research are described. Included are
keywords regarding the subjects discussed that were most defining for the interview.

Name: Verma, S.
Occupation: Researcher
Organisation: International Water Management Institute (IWMI)
Date of interview: 08/09/2021
Keywords: Discussed general solar pump policies, the rise of solar pumps, drivers behind it,
research perspectives, focus on groundwater

Name: Jain, S
Occupation: Chief Engineer
Organisation: Chattisgarh State Renewable Energy Development Agency (CREDA)
Date: 26/09/2021
Keywords: Groundwater resource protection, the role of state and agencies, main goals, policy
designs, stakeholders in the groundwater sector

Name: Rahman, A
Occupation: Independent Researcher
Organisation: Council on Energy, Environment and Water (CEEW)
Date: 01/10/2021
Keywords: Stakeholder network, sustainable policy, metering options, community-based solutions

Name: Weeda, V.
Occupation: Solar Development Manager
Organisation: Fortum (private investment company in the energy sector)
Date: 02/11/2021
Keywords: Large-scale solar projects, land ownership, electricity prices, private investment,
developer-centred farmer-dedicated solar plants

Name: Magal, A.
Occupation: Energy sector researcher
Organisation: Gujarat Energy Research & Management Institute (GERMI)
Date: 19/11/2021
Keywords: Stakeholder network, energy pilots, policy influence

Name: Shah, T.
Occupation: Researcher
Organisation: International Water Management Institute (IWMI)
Date: 02/12/2021
Keywords: Stakeholder network, energy pilots, policy influence

Name: Vala, R.J.
Occupation: Executive Engineer
Organisation: Gujarat Urja Vikas Nigam Limited (GUVNL)
Date: 14/12/2021

Keywords: DISCOMs, solar pump objectives, grid and off-grid pumps, climate change

Name: Nilanjan, G.
Occupation: Senior Advisor
Organisation: Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) India
Date: 20/01/2022
Keywords:

Name: Liebrand, J.
Occupation: University Professor
Organisation: University of Utrecht (UU)
Date: 21/01/2022
Keywords: Engineering perspective, conservation efforts, colonial history, interdepartmental
coordination

Name: Bhattacharyya, S.
Occupation: Senior Project Manager and Researcher
Organisation: SwitchON Foundation
Date: 31/01/2022
Keywords: Interdepartmental coordination, roles of NGOs, the use context of solar pumps

Name: Joy, K. J.
Occupation: Senior Fellow
Organisation: Society For Promoting Participative Ecosystem Management (SOPPECOM)
Date: 11/02/2022, 17/02/2022
Keywords: Role of NGOs, government projects, environmental issues, stakeholder collaboration

II.

Interview question structure

This annex describes the structure used for the semi-structured interviews. All interviewees were
asked the same questions for stakeholder analysis and prioritisation of sectors, in addition to which
specific questions tailored to the background of the interviewee were asked.
Stakeholder analysis
•

Can you tell me about ( interviewees specific institution) and what you do?
o Are you a part of a government or an independent institution?
▪ How is your institution funded?

•

How are you involved with solar pumps for agriculture?
o Why is (name of institution) involved in solar pumps for agriculture?
o What actions do you take regarding the technology?
o Do you aim to influence policy?
▪ If yes, how do you aim to influence policy?
o Is the Government of India involved with your work?
▪ If yes, in what way?

•

Who do you work/interact with? Mapping the complete stakeholder network
o Which organisations/people do you work with to reach your objectives?
o Which stakeholders influence your work?

Questions tailored to the interviewee’s background
Not a part of the recurring interview structure
Prioritisation of sectors
•

Does India have an issue with groundwater resources in your opinion?
o How do you see the prioritisation between the energy-water and food sectors?
o Which stakeholders represent the water, energy and food sectors?

Identification of additional interviewees
•

Which other stakeholders are relevant or influential according to you in the field of solar
pump development?
o Why do you consider (this institution/person) influential or relevant?

•

Do you have contacts involved with solar pumping in India which I could talk to?
o Can you send me their contact information?

