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India’s solar revolution is gaining urgency amidst climate concerns and energy
insecurity. This comparative study investigates Rajasthan’s ascent as the

Inter-State Competition, Solar Energy national frontrunner in solar energy, benchmarking it against four states Gujarat

Governance, Sustainable Development (West), Tamil Nadu (South), Haryana (North), and West Bengal (East) each

Goals. representing a distinct region. While all possess unique solar potential,
Rajasthan’s success stems from targeted policy incentives, institutional
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Bomail consistency, and strategic land-use planning. Using game theory tools Nash

franshumahipal007 @gmail.com Equilibrium, Stackelberg leadership, Prisoner’s Dilemma, and signaling games
the research uncovers how Rajasthan secured a stable and credible investment
climate. Beyond analyzing current success, the paper explores how Rajasthan
can maintain future dominance and how other regions can draw actionable
lessons to enhance their renewable energy frameworks. This strategic blueprint
underscores solar adoption as a multi-player game where timing, leadership, and
collaboration shape long-term outcomes.

1.Introduction: India's escalating energy demand and climate vulnerabilities have turned renewable
energy particularly solar power—into a strategic priority. As part of this transformation, Rajasthan has
emerged as the solar capital of the nation, outperforming other regional contenders. This paper
presents a comparative study across four geographically diverse states—Gujarat (West), Tamil Nadu
(South), Haryana (North), and West Bengal (East)—each representing distinct solar potential and
policy landscapes. Previous literature highlights the central role of policy coherence, investor
confidence, and infrastructure readiness in driving solar adoption (Bhattacharyya, 2020; Ghosh &
Nair, 2019). Studies on Gujarat and Tamil Nadu underscore early mover advantages and industrial
synergy (Kumar et al., 2017), while analyses of Haryana and West Bengal point to policy
fragmentation and limited institutional capacity (Rana & Das, 2021). Rajasthan’s unique policy
mechanisms—including transparent land allocation, competitive bidding, and targeted incentives are
increasingly cited as best practices (Jain & Agarwal, 2022).

Game-theoretic frameworks have recently emerged as valuable tools for understanding inter-state
competition and strategic policy formation in renewable energy. Models like Nash Equilibrium and
Stackelberg leadership illuminate how early adopters shape market dynamics and influence
neighboring states (Zhang & Wei, 2018). Further, signaling theory helps explain investor-state
trust-building, essential for mobilizing private sector participation. This study builds on these insights
to dissect Rajasthan’s ascent and explore how its model can be adapted by other states. It contributes
to the broader discourse on regional energy planning by viewing solar policy as a strategic,
multi-player interaction where timing, commitment, and foresight determine long-term success.

To deepen the analytical lens, this study integrates game-theoretic models such as Nash Equilibrium,
Stackelberg leadership, and signaling games to explore the strategic interplay among states in
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renewable energy policymaking. These frameworks illuminate how Rajasthan’s early interventions
and institutional foresight redefined inter-state competitive equilibria, thereby influencing national
energy dynamics.
The key objectives of this research are threefold:

» To critically evaluate the policy innovations that propelled Rajasthan’s solar leadership.

> To apply game theory in deciphering strategic behavior and policy diffusion across states.

> To offer a decision-support framework for sub-national actors seeking to accelerate solar

adoption.

As global momentum intensifies to fulfill climate commitments under the Paris Agreement, the role of
solar energy within India's sustainable development paradigm grows ever more salient. This study
positions solar policymaking as a strategic, multi-actor interaction, wherein timing, credibility, and
institutional foresight dictate long-term success. The paper is structured as follows: Section 2.0
investigates the importance of strategic stability and sustained solar commitments, centering on
Rajasthan’s policy framework. It explores how consistent policy direction strengthens investor trust
and attracts long-term capital, utilizing game-theoretic tools such as the Nash Equilibrium,

Stackelberg Leadership Model, Prisoner’s Dilemma, and Signaling Games. Section 3.0 presents
the results, which underscore that stable, transparent, and strategically sequenced solar policies have
positioned Rajasthan as a frontrunner in India’s renewable energy transformation. The findings
highlight the crucial role of early-mover advantages, credible policy signaling, and adaptive
investment strategies in building market confidence and sustaining capacity expansion. Section 4.0
offers the conclusion, framing Rajasthan’s solar progress within the context of both cooperative and
competitive game theory where inter-state collaboration promotes grid integration and policy
alignment, and competitive forces stimulate innovation, cost reductions, and market diversification.

2.Methodology:

This research employs a qualitative-comparative framework grounded in game theory to analyze the
strategic policy behaviors of Indian states in promoting solar energy deployment. By drawing on a
wide array of primary and secondary sources—including official policy documents,
government-issued reports, and peer-reviewed studies the study provides a multifaceted understanding
of sub-national solar strategies. Data and insights are particularly informed by reports from the
Ministry of New and Renewable Energy (MNRE, 2024), the Council on Energy, Environment and
Water (CEEW, 2023), and NITI Aayog (2023), among others. These sources offer comprehensive
coverage of capacity trends, institutional mechanisms, and decentralized energy pathways. The study
focuses on five purposively selected states Rajasthan, Gujarat, Tamil Nadu, Haryana, and West Bengal
chosen for their geographical diversity, political variance, and differing levels of solar potential. This
selection allows for a nuanced exploration of how state-specific contexts influence policy innovation
and adoption trajectories. For instance, Rajasthan’s governance mechanisms have been highlighted as
models of institutional design and administrative coherence (Jain & Agarwal, 2022; RRECL,
2020-2024), while Gujarat and Tamil Nadu leadership in early-stage solar investments and grid
integration have been widely analyzed (Kumar et al., 2017; IEEFA, 2023).

At the same time, the study examines barriers in lagging regions, such as West Bengal, where
infrastructural and regulatory hurdles persist (Rana & Das, 2021). Further theoretical grounding is
provided through game-theoretic modeling, drawing upon established frameworks for understanding
strategic behavior in renewable policy diffusion (Zhang & Wei, 2018). Academic perspectives on
India’s broader energy policy environment (Bhattacharyya, 2020; Ghosh & Nair, 2019) enrich the
discussion by situating state-level actions within national priorities and international commitments.
Finally, labor market implications and the role of decentralized solar solutions are integrated through
recent assessments by TERI (2022) and the IEA (2024), underscoring the multifaceted impacts of
solar governance on economic development and energy equity.

The analytical framework is structured around four canonical models from game theory, each
deployed to illuminate a different dimension of inter-state strategic behavior:
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2.1Nash Equilibrium: Nash Equilibrium is a foundational concept in game theory, describing a
situation in which no player can improve their payoff by unilaterally changing their strategy assuming
other players maintain theirs. In other words, each participant’s strategy is optimal given the strategies
of all others. When applied to inter-state solar policy planning, Nash Equilibrium reflects a stable
policy environment in which states are incentivized to remain committed to long-term renewable
energy strategies

Formal Definition: Let each state be a rational actor in a policy game, where the available

strategies are:

> S = Sustain a stable, long-term solar policy

> D = Deviate from long-term strategy for short-term gain

A Nash Equilibrium occurs when: For all states 7, given the strategies of all other states j # i, the
strategy S chosen by i yields a payoff that i cannot exceed by switching to D.

This payoff matrix models the strategic interaction between Rajasthan and Gujarat in the context of
solar energy policy using Nash Equilibrium. Each state can either maintain a stable, long-term solar
policy (S) or deviate (D). The matrix values represent hypothetical payoffs where both environmental
and economic gains are considered. The Nash Equilibrium is found at strategy (S, S), where both
states maximize mutual benefit.

States Gujarat: S (Stable) Gujarat: D (Deviate)
Rajasthan: S (Stable) (8, 8) (6,4)
Rajasthan: D (Deviate) (4, 6) 3,3)

Table -1 Payoff Matrix (Rajasthan vs. Gujarat Solar Policy Strategy)
In this Table we can concluded the following thinks:

(@ (S,8) — 8,8
> Both states commit to stable solar policy.
> Highest joint payoff: sustained investment, improved grid infrastructure, increased capacity
installation, and national leadership in renewable.
> Mutual trust and predictability attract investors and maximize long-term benefits.

(b) (S, D) — (6, 4)
> Rajasthan remains stable, Gujarat deviates.
> Rajasthan still benefits moderately (6) because of its own consistent policy but loses some
advantage due to reduced regional cooperation and competition.
> Gujarat gains less (4) because deviation reduces investor trust and project pipeline.

(c) (D, S) — (4, 6)
> Reverse of above: Gujarat stays stable, Rajasthan deviates.
> Rajasthan suffers (4) from short-term thinking and loss of reputation; Gujarat benefits
moderately (6) by holding the stable ground.

(d) (D, D) —3,3)
> Both deviate: inconsistent policies create uncertainty, reduce investments, slow down
renewable adoption.
> Lowest payoff—regional competition without coordination harms both states.
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Solar Policy Stability Diagram for Indian States
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Solar Policy Stability vs. Nash Equilibrium(Figure-1)

Figure 1 depicts the Solar Policy Stability Diagram for Indian States, mapping subsidy levels (%) on
the x-axis against the Infrastructure Investment Index on the y-axis, with policy stability scores
represented through a color gradient ranging from deep purple (low stability, 0.60) to bright
green/yellow (high stability, 0.85), and state identity indicated by distinct marker shapes—Rajasthan
(circle), Gujarat (X), Tamil Nadu (square), Haryana (plus), and West Bengal (diamond). The plot
reveals that Rajasthan occupies the upper-right quadrant, exhibiting the highest subsidy level (~70%),
the highest infrastructure investment index (~90), and a strong policy stability score (0.80), while
Gujarat follows closely with a subsidy of ~65%, an investment index of ~85, and the highest policy
stability score (0.85). Tamil Nadu records moderate performance with a 60% subsidy, an investment
index of 80, and a stability score of 0.75. In contrast, West Bengal (55% subsidy, 65 investment index,
0.65 stability) and Haryana (50% subsidy, 60 investment index, 0.60 stability) are positioned in the
lower-left quadrant, indicating weaker solar sector performance. Overall, the distribution suggests a
positive correlation between subsidy levels and infrastructure investment, with policy stability acting
as a moderating factor—states such as Rajasthan and Gujarat, which combine high stability with
strong policy frameworks, achieve superior investment outcomes, while states with weaker stability
remain in low-performance zones despite moderate subsidies, underscoring the critical role of policy
consistency in fostering solar infrastructure growth.

2.2 Stackelberg Solar Policy Dynamics: The Stackelberg Game is a sequential strategic model
where a leader moves first, shaping the subsequent actions of followers. In the context of Indian solar
energy policy, Rajasthan emerges as a Stackelberg leader by initiating bold reforms such as high
subsidy rates, ambitious capacity targets, and simplified clearance mechanisms. This proactive stance
creates a reference point for other states, who then calibrate their strategies in response. The model
assumes that followers have full visibility of the leader’s move and optimize their decisions
accordingly. Such a framework is ideal for assessing policy diffusion, innovation incentives, and
competitive positioning in a federal governance system.

Subsidy Target by | Clearance Strategic
State Launch Year IMW 2024 (MW) Ease Response
Sets
Rajasthan 2015 %20 Lakh 14,000 High benchmark
policy
Gujarat 2017 218 Lakh 12,500 High Aligns targets
and reforms
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Up scaled
Tamil Nadu | 2018 %17 Lakh 10,200 Medium capacity
post-2020

Introduced net

Haryana 2019 %15 Lakh 5,800 Low .
metering

Adopted
West Bengal | 2020 %14 Lakh 4,200 Medium rooftop solar
subsidies

Table-2 Quantitative Simulation State-Level Solar Policy Reactions (2020-2024)

This table illustrates the competitive dynamics of state-level solar policy development in India
between 2020 and 2024, interpreted through the Stackelberg leadership framework. Rajasthan
emerges as the clear first mover (leader), having launched its solar mission in 2015 with the highest
subsidy of 320 lakh per MW and a bold target of 14,000 MW. By establishing a high benchmark for
both policy ambition and regulatory facilitation (high ease of clearance), Rajasthan effectively shaped
the strategic decision-making environment for other states. Gujarat, entering the sector in 2017,
assumed the role of the primary follower, closely shadowing Rajasthan’s parameters with a 18 lakh
per MW subsidy and a target of 12,500 MW. Its high clearance efficiency and regulatory reforms
signal a deliberate attempt to maintain near-parity with the leader, while avoiding excessive deviation
from the established benchmark. Tamil Nadu, joining in 2018 with a ¥17 lakh per MW subsidy,
adopted a reactive scaling strategy. Initially slower, it significantly ramped up capacity after 2020,
demonstrating a follower’s effort to reduce the leader—follower gap in installed capacity through
accelerated deployment. Haryana, a later entrant in 2019 with a 15 lakh per MW subsidy, faced
structural constraints due to low ease of clearance. Nonetheless, its adoption of net metering can be
seen as a niche adaptation within the Stackelberg framework—targeting specific market segments to
offset its disadvantage in large-scale deployment. West Bengal, the most recent entrant in 2020,
offered X14 lakh per MW and operated under medium clearance ease. It leveraged rooftop solar
subsidies to enter the competitive landscape, carving a decentralized approach that diverges from the
large-scale strategies of earlier entrants. From a Stackelberg perspective, these patterns confirm that
early movers like Rajasthan not only set quantitative benchmarks but also dictate the strategic
trajectories of subsequent entrants. The policy and investment decisions of follower states reflect
iterative adjustments to the leader’s established market position, underscoring the sequential and
hierarchical nature of India’s inter-state solar energy competition.

State Investment X Solar Share (%) Jobs Created (K) Payoff Index
Cr)
Rajasthan 232,000 22% 150 0.88
| Gujarat | 229,000 | 20% | 130 | 0.81
Tamil Nadu 324,000 17% 110 0.76
| Haryana | 212,000 | 11% | 50 | 0.63
West Bengal 29,000 8% 42 0.58

Table-3 Payoff Matrix( Hypothetical Policy Outcomes)

In the context of India’s inter-state solar energy competition, the observed distribution of investments,
market shares, and employment generation aligns closely with the Stackelberg leadership model,
wherein Rajasthan has emerged as the undisputed leader, setting the strategic pace for the sector. As
shown in Table 3, Rajasthan commands the highest investment inflow of 332,000 crore, capturing 22
percent of the national solar capacity and generating approximately 150,000 jobs, resulting in the
highest composite payoff index of 0.88. Gujarat, operating as the principal follower, has strategically
aligned its policies with Rajasthan’s approach, attracting 329,000 crore in investments, achieving a 20
percent solar share, creating 130,000 jobs, and securing a payoff index of 0.81. Tamil Nadu occupies a
strong mid-tier position with 324,000 crore investment, 17 percent share, 110,000 jobs, and a payoff
index of 0.76, indicating steady policy-driven growth after entering the sector later than the leaders.
Haryana and West Bengal, with respective investments of 12,000 crore and 9,000 crore, solar
shares of 11 percent and 8 percent, job creation figures of 50,000 and 42,000, and payoff indices of
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0.63 and 0.58, illustrate the challenges faced by late entrants in achieving scale. The payoff
distribution clearly demonstrates the hierarchical dynamics predicted by the Stackelberg model: early
movers like Rajasthan consolidate their dominance through sustained first-mover advantages and
policy credibility, while followers and laggards must innovate or adopt aggressive strategic shifts to
disrupt the existing equilibrium.

2.3 Prisoner’s Dilemma in Solar Policy:

The Prisoner’s Dilemma models how individual actors face incentives to prioritize short-term
self-interest over long-term collective benefit. In solar energy policy, state governments must choose
between "Invest Now" (with longer-term environmental and economic gains) and "Delay" (offering
immediate political rewards through populist schemes like free electricity or reliance on conventional
sources). While mutual investment yields optimal sustainability outcomes, the temptation to defect
can undermine collective progress, especially when coordination mechanisms are weak or absent.

State Strategy Short-Term Payoff é(:ilf-Term Outcome Type

Rajasthan Invest Now Moderate(rural integration) | Very High gi(())oni e;atlve

Gujarat Invest Now Moderate High Cooperative

Tamil Nadu Mixed Hl.gh(urban clectoral Moderate Semi-Cooperative
mileage)

Haryana Delay High (populist schemes) Low Defection

West Bengal Delay Moderate Low Defection

Table-4 Quantitative Simulation of Strategic Behavior (2020-2024)

In This Table provides a simulated view of strategic behaviors adopted by five Indian states in the
solar energy sector between 2020 and 2024, revealing a clear divergence between cooperative,
semi-cooperative, and defecting approaches. Rajasthan adopts an “Invest Now” strategy with a
moderate short-term payoff—Iargely due to the gradual integration of solar infrastructure into rural
areas—but achieves a very high long-term gain. This positions it as a Cooperative Pioneer, setting the
benchmark for sustainable energy policy. Gujarat mirrors Rajasthan’s proactive stance, also choosing
to invest early, yielding moderate short-term returns and high long-term benefits, earning it the label
of a Cooperative state. Tamil Nadu follows a Mixed strategy, gaining high short-term payoffs from
urban-centric solar projects that offer electoral visibility, yet only achieving moderate long-term
sustainability gains. In contrast, Haryana and West Bengal employ a Delay strategy, prioritizing
immediate benefits through populist programs rather than substantive solar investment. While this
yields moderate to high short-term payoffs, their long-term gains remain low, categorizing both as
Defectors in the game-theoretic sense. The distribution of strategies reflects the Prisoner’s Dilemma
dynamic at the inter-state level: cooperative actors like Rajasthan and Gujarat secure enduring
advantages through early investment, but defectors exploit the system in the short term, delaying the
collective transition to renewable dominance. This tension underscores the need for policy
mechanisms that align immediate political incentives with long-term energy goals.

Strategy Tamil Nadu: Invest Now Tamil Nadu: Delay
. (7,7) — Long-term solar gains 3.9) - .Tamﬂ Nadu  gains
Gujarat: Invest Now electorally; Gujarat  loses
for both states
momentum

(9,3) — Gujarat reaps short-term
populist rewards; TN loses
strategic ground

(2,2) — Mutual delay leads to

Gujarat: Delay future energy insecurity

Table-5 Payoff Matrix(Gujarat vs. Tamil Nadu)

In This Table we illustrates the strategic interaction between Gujarat and Tamil Nadu in solar energy
investment decisions, presenting a clear example of the Prisoner’s Dilemma in state-level renewable
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policy. When both states choose to “Invest Now,” they each secure a payoff of 7, reflecting significant
long-term gains in solar capacity, energy security, and sustainable development—an outcome
representing the optimal cooperative equilibrium. However, if Tamil Nadu delays investment while
Gujarat proceeds, Gujarat’s payoff drops to 3 due to lost competitive momentum, while Tamil Nadu
gains a payoff of 9 by reaping short-term electoral advantages and diverting resources toward
immediate urban priorities. The reverse occurs if Gujarat delays while Tamil Nadu invests Gujarat
gains 9, while Tamil Nadu’s payoff falls to 3, losing strategic ground in the renewable sector. The
least desirable outcome emerges when both states delay, resulting in a (2,2) payoff, which locks them
into prolonged energy vulnerability and missed opportunities for sustainable growth. This scenario
underscores the political challenge: although cooperation delivers the highest mutual benefit,
short-term electoral incentives often push states toward defection. Overcoming this requires
coordinated federal policies, incentive alignment, and inter-state collaboration to make cooperation
the dominant strategic choice.

2.4 Strategic Signaling in State Solar Policy:

This study applies Signaling Games to the solar energy landscape in Gujarat, Tamil Nadu, Haryana,
and West Bengal to analyze how strategic policy communication influences investor trust and
inter-state competition. In this framework, state governments act as signalers—communicating their
solar commitment through tariff stability, policy continuity, and investor outreach. Investors, the
receivers, respond based on their interpretation of these signals, often under conditions of uncertainty.

State Signal Type Investor Perception Investment (X Cr)
Gujarat Stable tariff & 10-year | p o} g 212,000

solar roadmap

Inconsistent incentives
West Bengal & fragmented | Low Trust 32,500

messaging

Table-6 Gujarat vs. West Bengal: Signal

In Table 6, the comparison between Gujarat and West Bengal’s signaling strategies in the solar energy
sector clearly demonstrates how policy communication, credibility, and long-term vision can shape
investor confidence and capital inflows. Gujarat adopted a well-structured and predictable signaling
approach, combining a stable tariff regime with a clearly articulated 10-year solar development
roadmap. This transparent and forward-looking strategy sent a strong signal of policy reliability,
assuring investors of the state’s commitment to renewable energy growth. Consequently, Gujarat
earned high investor trust, attracting a substantial ¥12,000 crore in investments during the study
period. On the other hand, West Bengal’s approach was marked by inconsistent incentives,
fragmented policy announcements, and the absence of a cohesive long-term plan. The state’s inability
to provide a stable policy direction, coupled with weak follow-through on commitments, eroded
investor confidence. Despite having similar solar potential to Gujarat, this lack of credibility resulted
in a significantly lower investment inflow of just ¥2,500 crore. This contrast underscores a critical
insight: in renewable energy development, policy signaling is as important as resource potential.
States that communicate their intentions consistently, maintain transparency, and adhere to defined
timelines can convert investor trust into large-scale capital inflows, while those with erratic signals
risk losing out on transformative economic opportunities.

Polic FDI Inflow R . Signal
State Contglnuity Cr) ( Investor Rating Efgfectiveness
Gujarat High 212,000 A+ Strong
| Rajasthan | High | 11,000 | A | Strong
Tamil Nadu Medium 29,500 A Moderate
| Haryana | Low | 74,200 |B | Weak
West Bengal Low 22,500 B— Weak
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Table-7 Comparative Signaling Effectiveness (2020-2024)

In This Table offers a comparative assessment of the signaling effectiveness of Gujarat, Rajasthan,
Tamil Nadu, Haryana, and West Bengal in attracting investment to their solar energy sectors between
2020 and 2024, evaluated through policy continuity, foreign direct investment (FDI) inflows, investor
ratings, and the overall strength of policy signals. Gujarat leads the group, combining high policy
continuity with the largest FDI inflow of 212,000 crore and an A+ rating, creating a strong and
credible signal that assures investors of policy stability and long-term commitment. Rajasthan
matches Gujarat in policy continuity and maintains a strong signal, drawing 211,000 crore in FDI with
an A rating, though it lags slightly behind in total capital inflow and investor sentiment. Tamil Nadu,
with medium policy continuity, secures 39,500 crore in FDI and an A rating, but its signal
effectiveness is moderate due to occasional policy shifts that temper investor confidence. Haryana’s
low policy continuity results in only 34,200 crore in FDI, a B rating, and a weak signal, reflecting
regulatory inconsistencies that deter investor trust. West Bengal performs the poorest, marked by low
policy continuity, the smallest FDI inflow of 2,500 crore, a B— rating, and a weak signal,
underscoring its struggle to establish credibility in the sector. The pattern across states underscores a
clear correlation between consistent policy signaling, higher investor ratings, and stronger capital
inflows, aligning with signaling game theory’s premise that credibility and stability enhance
competitive advantage in investment-driven markets.

3. Result & Discussion: The comparative analysis of five Indian states Gujarat, Rajasthan, Tamil
Nadu, Haryana, and West Bengal in solar energy development between 2020 and 2024 reveals clear
patterns in strategic policymaking and investment outcomes when examined through multiple game
theory lenses. The application of the Stackelberg Leadership Model highlights Gujarat and
Rajasthan as early movers that strategically positioned themselves as market leaders by setting
long-term solar roadmaps, predictable tariff structures, and clear land acquisition policies. Their
proactive leadership allowed them to shape the “rules of the game,” compelling follower states to
adapt to an already well-defined competitive landscape, thereby securing sustained investor
commitments. From a Nash Equilibrium perspective, the analysis indicates that states with stable,
mutually beneficial policy strategies reached a point of strategic balance where neither the state nor
investors had an incentive to deviate from established agreements. Gujarat and Rajasthan maintained
such equilibrium by aligning state incentives with investor profit motives, ensuring both sides
maximized their payoffs over time. Conversely, Tamil Nadu demonstrated partial equilibrium
stability—its occasional policy shifts slightly disrupted investor certainty—while Haryana and West
Bengal failed to reach equilibrium due to inconsistent incentives and regulatory unpredictability. In
the Prisoner’s Dilemma framework, the study finds that states benefit most when they cooperate with
investors through transparency, consistent subsidies, and infrastructure support. Gujarat and Rajasthan
avoided the temptation to “defect” by abruptly altering incentives, thus maintaining high trust and
continued capital inflows. In contrast, West Bengal and Haryana often opted for short-term gains,
such as sporadic tariff adjustments or sudden policy rollbacks, which eroded investor trust and led to
suboptimal outcomes for both parties. The Signaling Game model further underscores the importance
of credibility in attracting investments. States that consistently sent strong, verifiable signals—such as
Gujarat’s 10-year solar roadmap or Rajasthan’s transparent bidding process—garnered higher investor
confidence, as evidenced by their significantly larger FDI inflows (312,000 crore and 311,000 crore,
respectively) and higher investor ratings (A+ and A). States with weak or contradictory signals, like
West Bengal and Haryana, struggled to communicate long-term reliability, resulting in lower capital
inflows and reduced investor engagement despite having substantial solar potential. Overall, the
integrated results confirm that strategic leadership, policy stability, cooperative investor relations, and
credible signaling form the foundation for sustained success in solar energy development. Gujarat and
Rajasthan consistently outperformed others because they combined all four game theory principles
effectively, creating a reinforcing cycle of investor trust, capital inflow, and sectoral growth. Tamil
Nadu, while competitive, suffered from moderate policy volatility, preventing it from matching the
leaders. Haryana and West Bengal, hindered by inconsistent signaling and weak strategic positioning,
illustrate how fragmented policies can undermine otherwise favorable resource conditions.
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Game Theory Outcome Map: Solar Energy Policy Performance

Gujarat
Rajasthan
Tamil Nadu
Haryana
West Bengal

Stackelberg Leadership

Signaling Nmash Equilibrium

Prisoner's Dilemma

The Game Theory Outcome Map radar chart comparing Gujarat, Rajasthan, Tamil Nadu, Haryana,
and West Bengal across all four models Stackelberg Leadership, Nash Equilibrium, Prisoner’s
Dilemma, and Signaling Game. This visual shows Rajasthan and Gujarat tied at the top in most
models, with Rajasthan slightly lower in signaling effectiveness.

The analysis of Rajasthan’s solar energy leadership reveals that, despite its current dominance, the
state faces a set of structural, policy, and market challenges that could undermine its long-term
competitive edge. A critical concern is grid integration and storage capacity. As solar capacity
continues to expand, the state’s existing grid infrastructure is experiencing mounting stress, which
without the deployment of advanced storage systems, smart grids, and real-time demand management
could lead to curtailment issues, unstable supply, and inefficiencies during peak production periods.
Furthermore, land-use conflicts are emerging as a significant obstacle. While Rajasthan’s arid terrain
has facilitated the development of large-scale solar parks, increasing land acquisition for energy
purposes is sparking ecological concerns and community resistance, making sustainable land-use
planning an urgent priority. Policy sustainability also emerges as a crucial factor. The state’s generous
subsidies and fiscal incentives, which initially fueled rapid growth, risk becoming fiscally
burdensome in the long term, especially if political priorities shift or budgetary pressures increase.
Compounding these risks, inter-state competition is intensifying. States like Gujarat and Tamil Nadu
are quickly narrowing the gap through hybrid renewable models, advanced metering infrastructure,
and deeper private-sector engagement. To maintain its leadership, Rajasthan must push innovation in
frontier areas such as energy storage, green hydrogen, and carbon trading. Market dynamics further
underline the need for diversification. Heavy reliance on a narrow pool of investors and foreign solar
module suppliers exposes Rajasthan to geopolitical uncertainties and price volatility. Expanding the
investor base while strengthening domestic solar manufacturing aligned with the ‘Atmanirbhar
Bharat’ vision will be key to resilience. Additionally, the workforce challenge looms large. While the
solar boom has created jobs, there is a shortfall in skilled technicians for installation, operations and
maintenance, and system analytics. Bridging this gap will require targeted vocational training
programs and stronger industry academia partnerships. To address these challenges and secure
sustainable leadership, strategic measures must be adopted. Investments in grid modernization,
including smart metering and demand-response systems, should be prioritized. Decentralized solar
deployment through rooftop and off-grid models must complement utility-scale projects to ensure
inclusive growth. Establishing a Green Innovation Hub dedicated to R&D in storage, battery
recycling, and efficiency technologies will enhance technological competitiveness. Equally important
is institutionalizing policy continuity through bipartisan consensus and legal safeguards, ensuring that
renewable energy remains a long-term priority irrespective of political cycles. Finally, enhanced
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federal collaboration can create a unified national renewable energy market, enabling healthy
competition while fostering inter-state coordination on shared infrastructure and climate objectives.

4.Conclusion: Rajasthan’s emergence as the frontrunner in India’s solar energy sector stems from a
combination of stable policy frameworks, strategic use of its arid land, and well-designed incentives
that have encouraged sustained investor confidence. Through a comparative, game-theoretic analysis
alongside Gujarat, Tamil Nadu, Haryana, and West Bengal, this study finds that Rajasthan’s success is
anchored in its ability to maintain policy stability (Nash Equilibrium), capitalize on early mover
advantages (Stackelberg leadership), send credible signals to the renewable energy market, and
compete aggressively without losing long-term focus. High subsidies and transparent tariff structures
have accelerated investment, expanded employment, and improved market participation, while
institutional consistency has fostered an enabling environment for large-scale deployment. Yet, the
game-theory perspective also exposes a set of vulnerabilities that could erode Rajasthan’s leadership if
not addressed. Growing grid integration challenges, environmental and land-use tensions, and the
fiscal strain of incentive-heavy policies threaten long-term viability. At the same time, rapidly
advancing competitors adopting hybrid energy systems and deepening private-sector collaborations
are narrowing Rajasthan’s advantage. Heavy reliance on a small group of investors and foreign solar
module imports heightens exposure to market volatility and geopolitical risks, while a shortage of
skilled professionals in installation, operations, and system analytics could slow future expansion. To
sustain its position, Rajasthan must modernize its grid with smart, flexible infrastructure, diversify its
investor and supplier base, strengthen domestic manufacturing under Atmanirbhar Bharat, and
establish a Green Innovation Hub to drive R&D in storage, recycling, and efficiency. Policy stability
must be safeguarded through bipartisan consensus and legal mechanisms, while greater emphasis on
decentralized solar solutions can ensure equitable growth. Collaboration at the federal level will also
be essential for building a competitive yet integrated national renewable energy market. Ultimately,
Rajasthan’s solar journey reflects the dynamics of both cooperative and competitive game theory
where maintaining strategic equilibrium depends on balancing self-interest with innovation and
adaptability. If these strategic imperatives are met, the state can not only retain its leadership but also
set a benchmark for sustainable energy transition in other emerging economies, delivering both
economic gains and environmental resilience for the long term.

References:

1. Ministry of New and Renewable Energy (MNRE). (2024). State-wise Solar Energy Capacity
Report. Government of India.

2. Council on Energy, Environment and Water (CEEW). (2023). India’s Solar Readiness Index:
Benchmarking Sub-National Progress.

3. Bhattacharyya, S. C. (2020). Energy Policy Modeling in the Indian Context: Opportunities
and Challenges. Energy Policy Journal, 138, 111-128.

4. Ghosh, A., & Nair, R. (2019). Investment Climate for Renewable Energy in India: Lessons
from State Policies. CEEW.

5. Jain, R., & Agarwal, V. (2022). Institutional Design for Solar Governance in Rajasthan: A
Best-Practice Review. Renewable Energy Policy Review, 45(2), 76-91.

6. Kumar, P., Sen, R., & Rao, P. (2017). Solar Leadership in Tamil Nadu and Gujarat: Drivers
and Challenges. TERI Policy Brief.

7. Rana, D., & Das, S. (2021). Barriers to Renewable Energy Growth in Eastern India: A Focus
on West Bengal. Energy & Environment, 32(4), 455-472.

8. Zhang, W., & Wei, T. (2018). Strategic Behavior in Renewable Energy Policy Diffusion: A
Game-Theoretic Approach. International Journal of Energy Economics and Policy, 8(6),
50-60.

9. Institute for Energy Economics and Financial Analysis (IEEFA). (2023). Renewable
Investment Trends in Indian States: Spotlight on Rajasthan and Gujarat.

10. NITI Aayog. (2023). Decentralized Renewable Energy Pathways: A Sub-National Strategy
Framework.

11. The Energy and Resources Institute (TERI). (2022). Job Creation in India’s Clean Energy
Sector: Mapping the Skill Gaps.

10



Abhi International Journal of Management Studies (AIJMST)

12. International Energy Agency (IEA). (2024). India Energy Outlook 2024: Solar Integration
and Grid Resilience.

13. Rajasthan Renewable Energy Corporation Limited (RRECL). (2020-2024). Annual Reports
& Solar Energy Roadmap.

11






