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Executive Summary

Solar irrigation is being promoted in India to address the twin problems of irrigation
access and groundwater overexploitation. However, the potential impacts of this step
are not fully understood. A majority of the farmers in India depend on rainfall for their
livelihoods because they lack access to irrigation. They are completely dependent on
the rains, making
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Both our agent-based model and expert consultations suggest that sustainable
transitions — changes in crop choices that are both profit maximizing and have less
irrigation water requirements — are physically and theoretically possible. However, in
practice, the introduction of solar irrigation under assumed conditions is unlikely to
result in major crop transitions across the districts we studied. This is because there are
deep lock-ins in agriculture where farmers and the entire ecosystem that they operate
in are tied to certg
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or chickpea in the rabi (spring) season is likely to keep the district's groundwater
status sustainable. Agrivoltaics are also a real possibility in this district.

In Nadia, West Bengal, farmers grow rice across all three seasons, and are likely
to switch over to growing rice during kharif and lentils in the rabi seasons. This is
a far more sustainable option compared to the present cropping pattern as the
water requirement declines drastically and farmers may be able to earn better by
switching f
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1. CONTEXT

India faces a looming groundwater overexploitation crisis. This is particularly of concern
to the agriculture sector, the largest user of groundwater resources in the country.
Policies favoring the growth of staple water-intensive cereal crops in different states
have played a key
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pumping, especially since the withdrawal of diesel subsidies in 2014. On the other hand,
new policies like Pani Bachao Paise Kamao? in Punjab and Atal Jal Yojana?, being
introduced in seven states, aim to control groundwater overexploitation.

Originally introduced in the 1990s, solar irrigation gained popularity from 2009 onwards
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while increasing the installed capacity of electric power from nonfossil fuel sources. The
scheme supports the installation of the following three components (PIB 2021):

Component A: Addition of 10,000 megawatt (MW) of solar capacity through the
installation of small solar power plants of capacity up to 2 MW;

Component B: Installation of 20 lakh standalone solar-powered agricultural
pumps; and
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25-year power purchase agreement. In addition to this tariff, the state government has
offered an additional tariff of INR 3.5 kWh for the first seven years of the scheme.

1.3 Anticipating groundwater depletion with solar irrigation policies is a question of
supply and demand

The sustainability of groundwater abstraction (whether within safe limits or
overexploitation)
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priced at if a market for it existed or how much loss would be sustained by the economy
if groundwater were to disappear.

Regulatory factors constrain demand: Today, groundwater In India is ‘open access/,
anyone with a pump is legally allowed to abstract it. Further, the electricity that is used
to pump this water from the ground is free or subsidized. This ‘perverse incentive' has
resulted in over al
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To make the situation more complicated, there is currently no way to estimate what the
sustainable yield is — it is likely to vary depending on several factors including the type of
aquifer, rainfall and other sources of recharge. While we know that the current levels of
groundwater abstraction are unsustainable, we do not know the exact point at which
groundwater becomes overexploited. Different regions have different levels of water
abstraction (wate
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To understand the impact of solar irrigation, it is important to account for these regional
variations in aquifer types that affect the groundwater supply curve While it may seem
that solar panels represent ‘free electricity’, farmers do take a loan for the solar panels
and have the choice and incentive to sell the electricity back. The fact that the electricity
can be sold, effectively means that groundwater abstraction has an opportunity cost
and is therefore ‘priced’. Thus, solar irrigation represents a shift from a ‘rationing
paradigm’ (provid
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government is capped at 7.5 hp pump capacity, a farmer with a 10 hp pump can still
solarize, but only 15 kW will be eligible for the central government’s subsidy. States have
no such limit; the pump capacity is at the discretion of the states.

Subsidy rate. The solar panel may be provided to the farmer at a subsidized rate. Both
the state and central governments may provide subsidies independently. For example,
the central goverrss e RS e
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2. CONCEPTUAL FRAMEWORK AND MODEL

2.1. Empirical data collection is not enough, we also need simulation models

Relying on empirical insights alone to understand the full and expected impacts of solar
irrigation on farmers’ choices and incomes, and a region’s groundwater sustainability
may not be enougy
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subsequently, the food and nutritional security of the country. There are various types of
simulations, and agent-based modeling is one such type.

2.2. An agent-based modeling framework simulates how solar irrigation impacts
farmer behavior and groundwater abstraction
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Is electricity availability Is water availability a Is land availability (for
a constraint? constraint? irrigation) a constraint?
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however debatable since stakeholder consultations have suggested that this might in
fact be high risk, given that DISCOMs sometimes don't pay back the FiTs to the farmers
on time.

These insights are backed by published studies that have attempted to understand

how farmers perceive and adapt to or mitigate risks. For instance, Ali and Kapoor (2008)
demonstrated thr " " "
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In this context, a ‘sustainable transition that is also socially acceptable’ would be one in
which an agent transitions from a low profit-high water-low risk using crop to a high
profit-low water using crop. The existence of sustainability transitions is promising, but
they may not always eventualize because many factors including risk appetite, technical
know-how, social networks and culture influence farmers' choice of crops.
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This refers to the opportunity of selling excess energy back to the grid through
net metering and FiTs. Once farmers use as much water as they need to meet a crop’s irrigation
water requirement, they can either sell the energy back to the grid or pump more water.

This refers to the pricing mechanism used for pricing products and services that
don't always have markets. In the case of water for agriculture, the shadow price of water reflects
the value of crops that can be produced by the marginal unit of water consumed (Bierkens et al.
20719).

This refers to the increased value of something when there is not much of it
available. So, as groundwater gets depleted, it becomes more scarce and therefore more valuable.
This value would manifest if groundwater licences were to be auctioned off to the highest bidder.




Regardless of the constraints and farmer choices, adoption of solar varies by state and
policies.

In some of the scenarios in our modeling exercise, we believe that farmers will not
adopt solar irrigation when income falls below current levels, as was the case in our case
study in West Champaran, Bihar.

If farmers switch t
mode of irrigation
groundwater at al
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energy they use to pump and how much they sell back to the grid depends
on the crops they are growing and their water requirement.

We assumed a FiT of INR 5/kWh for all states included in this study.
However, the sensitivity analysis (see annex) accounts for three FiTs: INR
3.5/kWh, INR 5/kWh and INR 7/kwWh.

Adoption of sd




e We also independently checked CGWB estimates of rainfall recharge and
abstraction against our own estimates. Where there were discrepancies,
these have been cited.

e Total groundwater abstraction in the district was estimated by multiplying
the fraction of farmer agents following a particular cropping pattern by the
total cropped area in the district.
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We believe that the most likely option is the risk minimizing one -- expert interviews
suggested that farmers are risk minimizing rather than water conserving or profit
maximizing. Each case study has one or two of these visualizations depicting the choices
farmers are likely to make and the impact this is likely to have. This is illustrated in Figure
8 that needs to be read from left to right.
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Figure 8(b) is a visual representation of the icons we have used to depict the different
crops that are a part of the transitions.
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PERCENTAGE OF FARMERS GW OVEREXPLOITATION ESTIMATIONS
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We used the following datasets for each case study:

e 5th Minor Irrigation Census for the energy indicators - Source of energy, average
hours of pumping per day and water indicator (distribution of tubewells, according
to depth);

Central Groundwater Board Classification - Aquifer type;

Census of India 2011 and District Contingency Plans - Percentage of irrigated land;
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3.1. Bathinda, Punjab: Introduction of solar irrigation with net metering and income
from fits

In Bathinda, most farmers follow one of the following three cropping systems: rice-wheat
(meaning rice in the kharif season, followed by wheat in the rabi season), cotton-potato
and kinnow (a citrus fruit tree).” Among these crops, the rice-wheat cropping system
requires the most " :
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But expert consultations suggest that this transition is unlikely to occur in practice.

We consulted water and agriculture experts to understand whether farmers would
actually shift to less water-intensive crops. The interviews suggested that both rice-wheat
and cotton-potato farmers are unlikely to budgse from their current cropping patterns at
least in the medium term, even if solar irrigation results in a small increase in their
earnings.
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Options 1and 2 involve risk in two forms: 1) price-related risk, which crops without MSP are
prone to since they are subject to market forces, and 2) cultural risks, where farmers are
hesitant to move away from growing crops that they are familiar with.

Hence, it is likely that the agent farmer will continue growing rice-wheat. Solar irrigation
might only marginally increase the profit, owing to the initial capital cost. This choice is
likely to result in continued overabstraction of groundwater resources, as there is no
change inirrigatio ] ] '
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e Rice, wheat and cotton are all sold at state-run APMCs, which means the
government provides guaranteed MSPs and the Food Corporation of India (FCI)
procures their produce, insulating these farmers from wild price fluctuations.

Farmers are ‘locked-in’ the practice of growing crops they have been cultivating for
generations and resist changing this behavior. Lock-ins in agriculture exist all across
the country and are evident across our other case studies as well.
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PERCENTAGE OF FARMERS GW OVEREXPLOITATION ESTIMATIONS
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groundwater by 20% (Prakash 2022). It remains to be seen if such incentives will
translate into behavior change on the ground.

Move from rationing to pricing structures: Farmers in Punjab currently receive
free or subsidized electricity. It is rationed only in terms of the number of hours of
supply. By moving to solutions like solar irrigation, governments could use ‘pricing’
as a ‘stick’ to change behavior around crop choice and water consumption.
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3.2. West Champaran, Bihar: Introduction of solar irrigation without net metering and
no income from fits

In West Champaran in Bihar, most farmers grow rice-wheat or sugarcane,” which both
require a lot of water. We found that energy is a constraint, while land and water are not.

While most of Bihar is fully electrified'®, farmers in some parts of the state, like West
Champaran, still rely on diesel pump sets for irrigation. The electricity connections are
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We consulted with water and agriculture experts to understand whether farmers would
shift to less water-intensive crops, based on our model (Figure 13).
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We also focused on
Champaran. Figure

crop.
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It will reduce the cost of irrigation by replacing diesel with solar-powered pump
sets. However, there is no option for net metering in this case. Diesel pump sets are
not connected to the grid, so these solar powered irrigation pump sets are likely to
be standalone units. Farmers will not have a second stream of income through net
metering, which is why the increase in income from the inclusion of a third crop is
only marginal.
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There is a strong sugarcane industry (ethanol production) in West Champaran, which
means there is demand for the crop. If this industry continues to grow, it is likely that
these farmers will continue growing the crop to meet this demand. However, the farmers
are unlikely to take up solar irrigation since it results in a marginal decline in income.
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in Bihar, there may
intensive crops bec
Moreover, farmers

can shift from expe

When each of thei
status quo is likely
transition in Bihar,
wheat and sugarca
of a problem in Bih
traditionally had m
Hence, they still ha

PERCENTAGE OF FARMERS GW OVEREXPLOITATION ESTIMATIONS
’ Total recharge
s \ (in mm)
b [RF - Recharge
‘ . T Weighted & from rainfall, OS - GW
normalised Recharge from exploitation Sustainability
Crop Rice-Wheat Rice-Wheat- Sugarcane Maize-Potato IWR (inmm) other sources] status (in %) status
Minor Pulses
BEFORE 65% 0% 20% 15 316 91% sustainable
RF - 196
AFTER
(likely 659 0% 20% 15% 396 g8 st 114%
outcome) Total - 346
AFTER
(sustainable 0%

transition)

Figure 15. Collectiv
groundwater abstr



The groundwater overexploitation status estimation we arrived at (Figure 15) aligns well
with the CGWB block wise classification where all 18 blocks in the district are in the ‘safe’
category.

Solar irrigation may be the right solution for this district. It will reduce the cost of irrigation,
while simultaneously boosting incomes in this state, all of this while ensuring
groundwater sustainability. If introduced with an appropriate FiT, there is likely to be
better uptake of SO/ ———
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option may prove to be remunerative and sustainable. It is also important to note that
agrivoltaics typically involve the cultivation of certain shade crops, i.e., crops whose
productivity won't be significantly impacted if grown in the shade of the PV modules.
While we have taken finger millet as the crop in this case study, additional research needs
to be done to identify a more suitable shade crop for this particular district. Crop choice for
agrivoltaics varies from region to region.

For the second age
arecanut (Figure 17
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Here, the arecanut farmer has taken a profitable option. We define this as medium risk
only because market prices are likely to fluctuate for all non-MSP crops. However, in this

case, the existence of a flourishing gutka/supari industry and strong procurement
systems has de-risked these farmers with a steady demand for arecanut.

In Bengaluru Rural, solar irrigation, in the form of agrivoltaics, could be a possible path for
finger millet farmers in the region, ensuring water positivity and carbon positivity. Two
models of agrivoltaj ' ]
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PERCENTAGE OF FARMERS GW OVEREXPLOITATION ESTIMATIONS

Total recharge
{ (in mm)
g [RF - Recharge
an 4 Weighted & from rainfall, OS - GW
normalised Sustainability

Recharge from exploitation

Crop Ragi Arecanut Maize-Carrot Agrivoltaics IWR (inmm) other sources] status (in %) status
BEFORE 60% 20° 20% - 87 272% Unsustainable
-2
AFTER gi ] ]1
(likely 30% 20 20% 30 87 h 272% Unsustainable
outcone) Total - 32
AFTER
(sustainable 30% 10% 20% 40% 59 185%
transition)

Figure 18. Collectiv
groundwater abstr

Currently, CGWB h
with our own estim
for Bengaluru Rura
not been included i
sustainability statu

Solar irrigation, par
district. It will provi
ensuring that grou
important in water
cost of financing as

However, it is also i
agrivoltaics is base
scale conversion of
illustrative purpose
some arid parts of t
carbon financing --
believed to bring b
region in the form



3.4. Anand, Gujarat: Introduction of solar irrigation with net metering and income
from FiTs

In Anand, most farmers grow rice-wheat, tobacco-potato and banana.” Among these
crops, it is rice-wheat that requires a lot of water, while tobacco-potato and banana do not.
We found that Anand is slightly land constrained, with no water or energy constraints.
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the price of energy. This means that income could potentially come from three streams -
the sale of crops, water or energy.

We found that rice-wheat, banana and tobacco-potato farmers are unlikely to transition to
more water-sustainable crops. This is because the dairy industry in Anand drives all crop
choices in the district. The dairy cooperative, the Gujarat Cooperative Milk Marketing
Federation Limited or Anand Milk Producers Union Limited, more popularly known as
Amul, is based out j — i j
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Figure 19 shows the NPV estimates for two sets of choices:

e Farmers grew and sold crops and earned money from the sale of energy through
net metering; and
Farmers grew and sold crops and earned money from the sale of water in the active
water markets.
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3.5. Botad, Gujarat: Introduction of solar irrigation with net metering and income from
FiTs

In Botad, cotton is the most dominant crop and accounts for almost 80% of the area under
cultivation. It is also the thirstiest crop in the district. This is followed by wheat, sorghum
and groundnut, all of which comparatively require less water. We found that Botad is
partially land constrained, water constrained, but with no energy constraints.
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4. LEARNINGS, LIMITATIONS AND NEXT STEPS

4.1. Learnings

4.1.1 Both biophysical and socioeconomic factors influence the outcomes of
introducing solar irrigation
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