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India’s Water–Energy–Food Nexus: A 
Strategic Inflection Point

❑ A tightly coupled system: India’s food security gains were built on groundwater irrigation powered by subsidised 

electricity—linking water, energy, and agriculture into a deeply interdependent nexus. 

❑ Rising systemic stress: Over-extraction of groundwater, rapid growth in farm power demand, and fiscal subsidy 

burdens now threaten long-term sustainability. 

❑ Climate as a risk multiplier: Heat stress, rainfall variability, and glacier retreat are increasing hydrological 

uncertainty and agricultural risk. 

❑ A convergence opportunity: Solar irrigation enables simultaneous progress on decarbonisation, water-use 

efficiency, and farmer resilience. 

❑ Institutions as the real lever: Global evidence shows that adoption scales when supported by strong local 

institutions, inclusive finance, and last-mile delivery—not technology alone.

➢ With the right policies and institutions, India can convert irrigation reform into a pathway for sustainable 

growth, fiscal prudence, and climate leadership



Why Solar Irrigation Matters Now?

❑ Agriculture accounts for over 20% of India’s electricity consumption, primarily driven by 

groundwater extraction through electric and diesel pumps.

❑ India currently operates approximately 17 million electric pumps and 9 million diesel pumps, the 

majority of which depend on fossil fuels, resulting in significant emissions, fiscal strain from 

subsidies, and unsustainable groundwater use.

❑ Solar irrigation presents a clean, cost-effective, and climate-resilient alternative, offering farmers 

reduced operational costs and contributing to long-term environmental sustainability. 

❑ The adoption of solar irrigation pumps (SIPs) has surged—rising from 11,626 in 2013–14 to over 

900,000 by 2024–25, signaling growing momentum. 

❑ This work gains urgency in light of India’s net-zero emissions target for 2070 and the nationwide 

scale-up under PM-KUSUM. 

❑ Generating timely insights into what works—and what doesn’t—is critical for informed policy 

design and responsible expansion.



Small Field Experiment
‘Proof-of-Concept’

2014

Replication Pilot
‘Learning-by-Doing’

2017

Demonstration Pilot
‘Learning-by-Doing’

2015

Policy Pilot: SKY
‘Scale Experiment’

2018

PM-KUSUM
World’s Largest Agri. Solarization Campaign

‘Scale Implementation’

2019

Innovation 1 : Grid-Connected SIPs 
(Example from Gujarat)



Grid-Connected SIPs under Surya 
Shakti Kisan Yojana (SKY, 
Gujarat)



Grid-Connected SIPs : Adoption Barriers 
and Drivers
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Sustainable Water & Carbon Mitigation

❑ Generates additional income ~₹21,900/year (~$257) from electricity sales—equivalent to 
~43% of annual crop income.

❑ Sustains an annual loan repayment of ₹1,05,000 (~$1,235), demonstrating strong 
repayment capacity

❑ Recovers 25–28% of investment within two years, achieves full payback in ~8 years, and 
extending loan tenures (7→10 years) could potentially double farmer incomes.

Farmers’ Income

Groundwater extraction

❑ Farmers’ incentive: Balance irrigation with selling electricity → water-saving 

      trade-off

❑ Reduces irrigation hours per unit of land, indicating more efficient water and

      energy use.

❑ Encourages efficient irrigation practices rather than over-extraction.



Impact of on-grid SIPs : Agricultural Subsidy



Establish a Multi-Stakeholder Proof of Concept (PoC)

❑ Initiate a PoC based on the experiment to policy pilot. Conduct a rigorous 
assessment of stakeholder costs and benefits, utilizing analytics from 
existing on-grid models.

Feasibility of a 100% Subsidy Model for Inclusive Development

❑ Reach the most vulnerable groups (marginal farmers and women-led SHGs) 
to ensure no one is left behind. 

❑ Evaluate the feasibility of a "Zero Upfront" model.  

❑ Leverage NABARD for institutional financing to manage the initial cost of 
SIPs.

❑ Loan repayment through stakeholder benefits.

Phase 1: The 5-Feeder Pilot Program

❑ Launch pilots in 5 selected feeders to test practical feasibility and document 
challenges. 

❑ These pilots will serve as a "Policy Pilot" to generate ground-level insights 
on energy-use efficiency and grid integration before a statewide scale-up.

Way Forward for Kerala: Solarizing for 
Resilient & Inclusive Growth



Innovation 2 : A Community-Based Adoption 
of SIPs (Example from Madhya Pradesh)









Shaping Policy Pathways : Summarizing Our 
learnings from the ground

Policy & Institutional Learnings
I. SIPs remain subsidy-driven; 

targeted innovations in subsidy 
design are essential.

II. Stronger alignment needed 
between agriculture and SIP-
governing institutions for 
scaling.

III. The way forward for grid-
connected solar irrigation lies 
in getting pricing right—
aligning incentives for farmers, 
utilities, and sustainability.

Ground-level Insights & Use-Cases
I. SIPs reduce fossil fuel use and 

irrigation costs—e.g.,.
II. Expanding beyond irrigation 

(e.g., post-harvest, solar mills) 
diversifies farmer benefits.

III. Effective models bundle SIPs 
with efficient irrigation (in 
water-scarce zones) and 
market access (in water-
abundant zones)

IV. Community-based solar 
solutions unlock scale by 
pooling demand, finance, and 
management.

Gender & Financial Inclusion
I. GESI-focused design, training, 

and financing crucial for 
inclusive impact.

II. Women-led SIP models (via 
SHGs, SRLM linkages) show 
potential for enterprise 
creation.

III. Community-based, grid-
connected models improve 
energy use efficiency and 
economic returns.



Dr.Deepak Varshney

d.varshney@cgiar.org
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