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ABSTRACT

Madhya Pradesh, historically known as the coal-reliant power hub of central India, is undergoing a
profound and rapid paradigm shift toward renewable energy (RE). This comprehensive research paper
critically examines the state’s transition from carbon-intensive thermal generation to sustainable solar,
wind, and biomass energy matrices. By leveraging its vast geographical expanse and high solar insolation,
Madhya Pradesh has not only achieved grid parity but has also emerged as an exporter of clean energy to
commercial entities like the Delhi Metro Rail Corporation (DMRC). This study analyzes the macroeconomic
multiplier effects of mega-projects such as the Rewa Ultra Mega Solar Park and the Omkareshwar Floating
Solar Project. It evaluates the integration of agrarian economies through the KUSUM scheme, the influx of
Foreign Direct Investment (FDI), and the structural challenges of grid balancing via Pumped Hydro Energy
Storage (PHES). Ultimately, this paper provides a strategic blueprint for cementing Madhya Pradesh’s
position as the foremost sustainable industrial economy in South Asia by 2030.

INTRODUCTION: THE ENERGY could not be decoupled from envi-ronmental
PARADOX AND THE GREEN PIVOT sustainabilty, ~the ~government of Madhya

Pradesh reoriented its strategic focus from

extractive fossil fuels to harnessing its

For the majority of the post-independence era, inexhaustible ambient resources: sunlight and

the economic and industrial backbone of Madhya wind. This transition is not merely an

Pradesh (MP) was intrinsically linked to its vast infrastructural upgrade; it represents a funda-

subterranean reserves of coal, particularly in the mental rewiring of the state’s macro-economy.

Singrauli and Shahdol basins. The state operated By transitioning to renewables, Madhya Pradesh

under an "Energy Paradox"—it generated a is simultaneously addressing fiscal deficits caused

massive surplus of power that fueled the by coal imports, creating localized "green-collar"

industrialization of neighboring states, yet it bore employment, and attracting global corporations

the severe environmental externalities of fly-ash mandated by strict Environmental, Social, and

pollution, rampant deforestation, and high Governance (ESG) criteria.

greenhouse gas (GHG) emissions. The agrarian

sector, which forms the livelihood of over 65% of This  research  paper meticulously

the state’s population, was caught in a vicious deconstructs this transition, analyzing how

cycle of erratic power supply and heavily Madhya Pradesh is  commodifying its

subsidized, grid-straining agricultural feeder lines. geographical coordinates to build a

decentralized, resilient, and highly profitable
However, the dawn of the global climate green economy.
consensus and India’s commitments at the Paris
Agreement (COP21) and Glasgow (COP26)
catalyzed a definitive shift in state policy.

Recognizing that long-term economic growth
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GEOGRAPHICAL DETERMINANTS
AND RENEWABLE POTEN-TIAL

The viability of a renewable energy economy is
entirely predicated on a region’s geo-graphical
and topographical endowments. Madhya Pradesh
is exceptionally positioned to exploit multiple
modalities of green energy.

Solar Insolation and the Tropic of Cancer

The Tropic of Cancer passes directly through the
heart of Madhya Pradesh, blessing the state with
some of the highest solar irradiation levels in the
country. The state receives an average of 300
clear sunny days per year, with a Direct Normal
Irradiance (DNI) ranging from 5.5 to 5.8
kWh/m?/day. The vast, arid, and semi-arid tracts
in the Malwa plateau and the Gwalior-Chambal
division, which are largely unsuited for intensive
agriculture, present zero-opportunity-cost
landbanks ideal for the deployment of ultra-mega
solar parks.

Wind Corridors of the Malwa Plateau

While solar energy provides the bulk of the
capacity addition, the state’s wind energy
potential is concentrated in the western districts
of Dewas, Ratlam, Mandsaur, and Ujjain. The
Malwa plateau acts as a topographical wind
corridor, experiencing optimal wind speeds of 6
to 7.5 meters per second at a hub height of 100
meters. The hybridization of wind and solar parks
in these regions has become a key strategy to
smooth out the daily power generation curve,
providing a more stable baseload.

Hydrological Assets and Floating Solar

The Narmada River basin, heavily dammed for
traditional hydro-electricity, is now being
reimagined for "Floating Solar" infrastructure.
The vast reservoirs of dams like Omkaresh-war
and Indira Sagar provide massive surface areas.
Installing solar panels on these water bodies
serves a dual economic purpose: it eliminates the
need for expensive land acquisition and reduces
the evaporation of critical fresh water, while the
cooling effect of the water increases the
photovoltaic (PV) efficiency of the panels by up to
8%.
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THE REVOLUTION OF SCALE: THE
REWA ULTRA MEGA SOLAR PARK

To understand the economic metamorphosis of
Madhya Pradesh’s energy sector, one must
analyze the watershed project that redefined
solar economics globally: The 750 MW Rewa
Ultra Mega Solar Limited (RUMSL) project.

Breaking the Grid Parity Barrier

Prior to 2017, solar energy in India was heavily
subsidized and largely considered a "premium"
green alternative, unable to compete with the
sheer cheapness of pithead thermal coal. The
Rewa Solar Park completely obliterated this
assumption.  Through innovative financial
structuring, state-backed payment security
mechanisms, and a robust reverse-auction
bidding process, Rewa achieved a historic first-
year tariff of Rs. 2.97 per unit (kWh). For the first
time in Indian history, solar power became
cheaper than coal without reliance on viability
gap funding.

The Open Access Model and Institutional
Export

The economic brilliance of the Rewa project was
its "Open Access" distribution model. Instead of
relying solely on the financially strained state
distribution companies (DISCOMs) to purchase
the power, RUMSL signed a pioneering Power
Purchase Agreement (PPA) with an institutional
buyer outside the state: The Delhi Metro Rail
Corporation (DMRC). By supplying 24% of its
generation to power trains in the national capital,
Madhya Pradesh transitioned from a consumer of
federal funds to an interstate exporter of
premium clean energy. This generated a massive,
reliable revenue stream that significantly
improved the state’s fiscal deficit.
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Exponential Growth of Solar Capacity in Madhya Pradesh (2014-2025)
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Figure 1: The dramatic scaling of solar infrastructure in MP, highlighting the "hockey-stick" growth curve post the

commissioning of the Rewa Solar Park in 2018.

AGRARIAN INTEGRATION: THE PM-
KUSUM SCHEME AND RU-RAL
ECONOMICS

A persistent criticism of massive utility-scale solar
parks is that they are highly capital-intensive but
create relatively few permanent jobs, leading to
"enclave economies" that do not benefit the local
populace. Madhya Pradesh has aggressively
countered this through the deployment of the PM-
KUSUM (Pradhan Mantri Kisan Urja Suraksha evam
Utthaan Mahabhiyan) scheme, which
fundamentally alters agrarian economics.

The Farmer as an Energy Entrepreneur
(Annadata to Urjadata)

Under KUSUM Component-A, farmers with barren
or uncultivable land are empowered to set up
decentralized solar power plants ranging from 500

kW to 2 MW. The DISCOMs purchase this power at
pre-determined feed-in tariffs. This transforms a
liability (barren land) into a perpetual, drought-proof
annuity for the rural household. It entirely insulates
the farmer’s income from the vagaries of monsoon
failure, effectively serving as a flawless economic
hedge against climate change.

Solarization of Agricultural Pumps

Component-B and C of the scheme focus on replacing
highly polluting, expensive diesel irrigation pumps
with standalone solar agriculture pumps, and
solarizing existing grid-connected pumps. The
economic ramifications are staggering. The state saves
billions in agricultural power subsidies (which were
heavily cross-subsidized by industrial tariffs), and the
reduction in diesel imports dramatically improves the
macro-economic balance of trade. Furthermore,
providing farmers with daytime, uninterrupted solar
power increases agricultural yield and drastically
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improves the quality of life for farming families
who previously had to irrigate fields in the dead of
night due to erraticgrid schedules.

MA CRO-ECONOMIC IMPACT AND
INDUSTRIAL REORGANIZA-TION

The transition to renewable energy in Madhya
Pradesh is triggering a domino effect of industrial
reorganization, attracting fresh capital, and creating
new economic clusters.

Attracting ESG-Compliant Foreign Direct
Investment (FDI)

Global manufacturing giants (such as those in
electronics, textiles, and electric vehicle
manufacturing) are increasingly bound by strict
carbon-neutral mandates. They refuse to set up
factories in regions powered by thermal coal. By
aggressively expanding its "Green Energy Open
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Access" regulations, Madhya Pradesh allows these
corporations to purchase 100% renewable energy
directly from developers. The presence of massive,
cheap green power has made industrial zones like
Pithampur (Indore) and Mandideep (Bhopal) highly
attractive destinations for ESG-compliant Foreign
Direct Investment (FDI).

The "Green-Collar" Job Multiplier

While the manufacturing of solar PV modules is still
largely imported, the deployment, civil engineering,
installation, and O&M (Operations and Maintenance)
of these massive parks are highly labor-intensive. The
state has initiated skill development programs via ITls
(Industrial Training Institutes) to create a cadre of
"Suryamitras" (solar technicians). This creates high-
paying, technical employment for rural youth in their
home districts, curtailing the historic trend of distress
migration to metropolitan cities like Mumbai and
Delhi.

Projected Shift in Madhya Pradesh’s Installed Power Mix (2020 vs 2030)
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Figure 2: The aggressive phase-down of thermal dependency and the rapid ascension of Solar PV in the state’s energy

portfolio.
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THE CHALLENGE OF INTERMITTENCY:
GRID BALANCING AND STORAGE

The fundamental flaw of renewable energy is its
intermittency—the sun does not shine at night, and
wind speeds fluctuate. As Madhya Pradesh pushes
towards a grid where over 50% of installed capacity
is renewable, the state faces the terrifying prospect
of the "Duck Curve."

The Duck Curve Phenomenon

During peak daylight hours (11 AM to 3 PM), massive
solar generation floods the grid, pushing net demand
from thermal plants to dangerously low levels.
However, as the sun sets (6 PM), solar generation
drops to zero precisely when evening residential
demand spikes. This requires thermal plants to ramp
up production at an impossibly steep curve to
prevent grid collapse.

Pumped Hydro Energy Storage (PHES) as the
Solution

To solve this, Madhya Pradesh is pioneering massive
Pumped Hydro Energy Storage (PHES) projects. PHES
acts as a gigantic natural battery. During the day,
excess, ultra-cheap solar power is used to pump
water from a lower reservoir to a higher elevation
reservoir. At night, when solar stops and demand
peaks, the water is released back down through
turbines, generating instant hydro-electricity. By
surveying sites in the Vindhyachal and Satpura
ranges, the state is preparing to tender over 10,000
MW of PHES capacity, ensuring that the green
energy transition does not compromise the
structural stability of the central Indian power grid.

STRATEGIC ROADMAP AND POLICY
INTERVENTIONS (2030)
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e  Green Hydrogen Hubs: Utilizing excess solar
capacity to power massive electrolyz-ers,
splitting water into Green Hydrogen and
oxygen. The state aims to blend this
hydrogen into existing natural gas pipelines
and supply it to the heavy industries in the
Pithampur belt, decarbonizing sectors like
steel and fertilizers that cannot be easily
electrified.

e Electric Vehicle (EV) Integration: The state
policy aggressively mandates the cre-ation
of solar-powered EV charging corridors
along the major state highways (e.g., the
Narmada Expressway). By linking solar
generation directly to mobility, the state
ensures that the transition to EVs s
genuinely zero-emission.

e Agri-Voltaics: A massive push towards
integrating agriculture with solar power,
where solar panels are mounted at a height
that allows shade-tolerant cash crops (like
turmeric and ginger) to be cultivated
beneath them, doubling the economic
output per acre of land.

CONCLUSION

The Madhya Pradesh Renewable Energy Policy of
2022 serves as the magna carta for the state’s future
green ambitions. To maintain its leadership position,
the state is executing several futuristic strategies:

The economic and infrastructural transition of
Madhya Pradesh from a traditional coal-mining
powerhouse to a vanguard of the global renewable
energy revolution is a mas-terclass in modern
political economy. By expertly leveraging its
immense geographical assets—sunlight, wind, and
vast tracts of non-arable land—the state has solved
the trilemma of energy economics: ensuring power
security, achieving environmental sus-tainability,
and maintaining absolute affordability.

The successful implementation of projects
like the Rewa Ultra Mega Solar Park proved that
green energy is no longer a moral luxury, but a hard-
nosed economic necessity. Through the integration
of rural communities via the KUSUM scheme, and
the facilitation of ESG-compliant industrial growth,
Madhya Pradesh has ensured that the dividends of
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this green revolution are distributed equitably across
the socio-economic spectrum.

As the state moves to tackle the complex
challenges of grid intermittency through advanced
Pumped Hydro Storage and pioneers the Green
Hydrogen frontier, it stands not just as the
geographical heart of India, but as the pulsating,
sustainable green engine driving the nation towards
its net-zero destiny.

REFERENCES

1. Department of New and Renewable Energy,
Govt. of Madhya Pradesh. (2022). Madhya
Pradesh Renewable Energy Policy 2022.
Bhopal: State Secretariat.

2. Ministry of New and Renewable Energy
(MNRE), Govt. of India. (2025). Annual
Report on State-wise Solar and Wind
Capacity Additions. New Delhi.

3. World Bank Group. (2021). Innovation in
Utility-Scale Solar: The Case of the Rewa

ISSN: 2347-7660 (Print) | ISSN: 2454-1818 (Online)

Ultra Mega Solar Park in India. Washington,
DC: World Bank Publications.

Sharma, A., & Desai, R. (2023). "Grid Parity
and the Economic Viability of Open Access
Solar in Central India." Journal of Energy
Economics and Policy, 14(3), 312-330.

Central Electricity Authority (CEA). (2024).
Report on Optimal Generation Capacity Mix
for 2029-30. New Delhi: Ministry of Power.

Verma, P. (2024). "Agrarian Integration in
Renewable Energy: A Socio-Economic
Impact Analysis of the PM-KUSUM Scheme
in  Malwa." Indian Journal of Rural
Development, 22(1), 45-67.

International Renewable Energy Agency
(IRENA). (2025). Renewable Energy and
Jobs: Annual Review. Abu Dhabi: IRENA.

Patel, K. (2023). "The Duck Curve Dilemma:
Assessing Pumped Hydro Energy Storage
Potential in the Vindhyachal Ranges."
International Journal of Sustainable Energy
Systems, 8(2), 115-132.

ISIRS



