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Abstract 

Purpose: Despite the widespread adoption of circular economy efforts around the world, game-theoretic literature has 

not sufficiently addressed the challenges, intergovernmental dynamics, and stakeholder trade-offs inherent in the 

circular revolution. This paper aims to fill a crucial research gap by applying the Stackelberg game framework to 

India's unique policy context to provide a novel game-theoretic analysis of Indian government programs promoting 

circular economy models.  

Method: Utilizing data from databases such as Scopus, Web of Science, and IEEE, and reports from McKinsey, 

Statista, and the Government of India, this study constructs a Stackelberg framework identifying the central 

government as the leader and state governments as followers to outline optimal policy design and implementation 

strategies on a multi-governance level. The methodology examines socioeconomic and environmental trade-offs of 

stringent and lenient circular economy mandates to inform balanced policy choices. By modelling the conflict between 

near-term cost minimization and potential ecological gains, the framework reveals tensions between central and local 

priorities.  

Results: The framework revealed a subgame-perfect equilibrium with payoff of 53.32 in the passive-strict profile, and 

a socially optimum result in the active-strict profile with a cumulative payoff of 53.33, which highlights the difference 

between individually rational policy choices and a cooperative outcome that would maximize utility.  

Conclusion: This improvement on the Stackelberg model provides a scalable paradigm for circular economy 

transitions in intricate regulatory environments by showing how careful coordination can lower enforcement costs and 

resistance. The study thereby advances literature on circular economy governance and establishes the groundwork for 

future research on multi-level policy design. 

Keywords: Circular Economy, Game Theory, Indian Government Schemes, Indian Sustainability Policy, Stackelberg 

Game 

I. Introduction 

In the current paradigm, the circular economy (CE) has received considerable attention in available literature, with 

proponents claiming the value of the model in addressing waste management and climate change issues. However, the 

contemporary global economy is governed by the linear model, which is defined as a "system where resources are 

extracted to make products that eventually end up as waste and are thrown away" (Ellen MacArthur Foundation, 

2023). This approach encouraged industrial dominance and GDP growth for early adopters such as the US, UK, and 

Russia.  However, as a take-make-dispose system, the linear economy has significantly exacerbated waste 

management issues and environmental degradation (Ellen MacArthur Foundation et al., 2014). Municipal solid waste 

(MSW) alone was found to be 2.1 billion tons in 2023 (Global Waste Management Outlook 2024, UNEP & ISWA) 

with an estimated total cost of waste control and other hidden costs amounting to USD 640.3 billion. This represents 

a serious issue in both the economic and environmental realm, prompting the emphasis on alternative solutions in the 

current literature. CE poses a compelling alternative to the linear economy which liberates growth from resource 

dependencies (Ellen MacArthur Foundation et al., 2014). For the purposes of this paper, a circular economy is taken 

to be “a sustainable model of closed loop systems that maximizes resource efficiency by extending product lifespans 

through reuse, repair, refurbishing, and recycling, effectively keeping resources in constant circulation.” (Ellen 

MacArthur Foundation, (n.d.); Harvard Business Review, 2021). A report on waste management published by UNEP 

jointly with ISWA estimated that a CE model could reduce waste management costs by approximately 39% as 

compared to continuing current linear economy practices (Global Waste Management Outlook, 2024). 
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Fig.1: Solid Waste in Indian Cities over years (2011-2030) 

Fig.1 reveals the excessive MSW generation in Indian cities over 2011 to 2021 and projected waste per year for 2031 

(without the shift to a CE model). The increase in waste generation mirrors the increase in resource depletion and 

overall consumption following the linear economy model. In FY2023, India processed more than 75 percent of its 

total waste, but hardly recycled 30 percent of the various types of waste processed (Statista, 2024). This represents a 

serious gap in effective waste management. Other factors contributing to the transition from a linear economy model 

to a CE system can be seen in the below infographic. 

 
Fig. 2: Transitioning from a linear economy to a circular economy 

Beyond the traditional CE model, Fig.2 illustrates the importance of key factors that affect the transition from LE to 

CE. Many of the given factors pose challenges for India to transition to a circular economy model today. Indian e-

waste management, for example, relies majorly on hazardous and unsustainable recycling carried out by the informal 

sector. The documented rate of sustainably recycled e-waste was estimated to be 5% (Dutta & Goel, 2021), 

highlighting a major gap in sustainable material recovery, which prevents the establishment of a closed-loop industrial 

cycle. Similarly, the plastic waste sector exhibits a high collection efficiency of 80.28%, but treatment remains low at 

28.4% (Sengupta et al., 2022). These gaps can be attributed to the given causes in Fig. 3.  
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Fig. 3 – Challenges to CE implementation in India 

It is important to note that though policy and regulation has been listed as its own category in Fig.3, policy also has 

the power to affect the environmental and social as well as the infrastructure and market-related problems associated 

with the CE model implementation. For example, unfair working conditions or environmental pollution due to 

informal recycling sectors can be addressed through minimum safety standards and formal recognition of the sector 

by the government (Dutta & Goel, 2021). Government schemes, therefore, can be an effective tool to improve on the 

stated challenges to CE implementation. Policy interventions can drive circularity when coupled with enforcement 

and industry collaboration. Thus, analysing the implementation of a circular economy system in India to limit waste 

management can yield significant insights and practical implications for government policy, prompting the focus for 

this paper. Sustainability efforts in India are often hindered by conflicting interests between stakeholders (government, 

industries, consumers) as established through case study analyses. Though CE models offer a viable solution to 

resource depletion and waste accumulation, their implementation can be obstructed by these strategic conflicts. Game 

theory (GT), the “science of strategy” studying the theoretical foundation for creating social situations involving rival 

players with varying payoffs and priorities (Hayes, 2024), provides a framework to analyse these interactions, enabling 

formulation of policies and incentives encouraging stakeholder cooperation. This paper adopts a game-theoretic lens 

towards the topic for the reason that while GT has been used globally for environmental management, as evidenced 

by the current studies into the discipline (Nazari et al., 2020; Moafi et al., 2022; Jiang, 2023), its application to Indian 

government schemes fostering circular economy systems remains underexplored in the current literature. Different 

government approaches to incentivizing the shift to a CE model (passive vs. active) can create different payoffs for 

involved stakeholders. Passive government intervention is defined within the scope of this paper as policies and 

schemes that do not necessitate direct compliance or behavioural change from stakeholders, i.e. non-binding and 

reliant on voluntary action, and active government intervention, on the other hand, as policies enforcing compliance 

or actively intervening in stakeholder behaviour to meet policy objectives. 

By understanding stakeholder dynamics through GT, this study can guide policymakers in designing more effective 

schemes that accelerate India's transition towards a sustainable circular economy. The paper begins with a Literature 

Review with an overview of GT principles and their relevance to circular economies in Section II, followed by the 

Research Methodology consisting of an analysis of Indian government schemes and development of a game-theoretic 

model in Section III, Results & Discussion in Section IV and Conclusion and Policy Recommendations in Section V. 
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II. Literature Review 

The growing emphasis on the circular economy has resulted in a rise in reviews in the existing literature on the CE 

concept, its implementation, and factors affecting the CE transition, as demonstrated by (Arruda et al., 2021; Panchal 

et al., 2021; De Melo et al., 2022). Case study analyses in recent literature (Shen et al., 2019; Tleuken et al., 2022) 

demonstrate the importance of government-promulgated policy frameworks in enabling the implementation of CE 

initiatives, where these frameworks and policies offered crucial support and incentive schemes to direct investment 

and societal development towards CE outcomes. This has led to a growing body of research on government policies 

and how they support CE systems, including studies regarding legislative frameworks and policy scenarios, (Liu et 

al., 2011; Sengupta et al., 2022), further highlighting the critical role that government intervention plays in promoting 

the uptake and efficacy of circular economic systems.   

Fig.4 – Government Regulatory Pathways for Circular Economy: Active vs. Passive Approaches 
 

Some of the schemes examined in current literature with reference to active and passive policies are highlighted in 

Fig. 4. However, there is a notable lack of research on the comparative effectiveness of active and passive government 

programs in supporting the successful adoption of the circular economy, underscoring the need for more studies in 

this area that could provide crucial information for well-informed policymaking.  

A Introduction to Game Theory and Circular Economy . 

Understanding how various stakeholders react to policy incentives and regulatory frameworks becomes essential given 

the crucial role that government interventions play in the adoption of CE. In this regard, GT provides an effective 

analytical tool for modeling these strategic interactions, looking at how consumers, businesses, and governments react 

to policy initiatives. GT has been applied to economic system research in a variety of contexts to support closed-loop 

economies and sustainability. These include, but are not limited to, the design of cooperative frameworks to facilitate 

resource sharing (Moafi et al., 2022), the resolution of groundwater disputes (Nazari et al., 2020), and negotiation 

support in energy sector decision-making (Bregar, 2020). These diverse uses establish GT as a useful instrument for 

policy evaluation in CE systems. 

B. Introducing research gap in GT papers targeting CE Implementation in India 

As one of the world’s fastest-growing major economies in 2025, India faces an ongoing challenge in aligning economic 

growth with circular economy principles. In this sphere, attention can be drawn to (Fiksel et al., 2020; Dutta & Goel, 

2021) which highlight some of the key challenges faced by India in efforts to implement a CE model, including 

informal sectors, lack of WM guidelines, poor government support, and fragmented awareness regarding CE 

initiatives, despite interest in adopting CE principles. Although existing research has applied a game-theoretic 
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approach to examining CE implementation by the government (Jiang, 2023; De Giovanni & Ramani, 2023; Wang et 

al., 2020, p. 29), this system has not been applied to Indian markets to the best of available knowledge, representing 

a key gap in potential insights regarding policy implications which could be derived from such an approach. 

C. Review of Indian Government Schemes fostering Circular Economy  

Indian government initiatives fostering CE systems have been studied extensively by (Priyadarshini & Abhilash, 2020; 

Mandpe et al., 2022; Mukherjee et al., 2023). Priyadarshini & Abhilash (2020) conducted a meta-analysis of policies 

such as the Solid Waste Management Rules 2016 and the National Policy on Biofuels 2018, highlighting their 

alignment with CE principles but also identifying key implementation gaps. Though these policies were held to be 

relevant to CE principles, their implementation was found to be lacking in aspects of integration with CE standards, 

with issues such as inadequate processing and disposal facilities, ineffective state level implementation and lack of 

stakeholder compliance functioning as key barriers. Similar concerns have been raised by (Mandpe et al., 2022) and 

(Sengupta et al., 2022) with regard to waste management. Ineffective implementation on the part of the government 

can be linked to multi-stakeholder interactions between policymakers, businesses and consumers (Mao et al., 2020), 

which present complex interactions with conflicting interests. GT, as established before, can effectively model such 

interactions to find optimal outcomes, and therefore can illustrate how enforcement levels and penalties impact 

compliance. 

D. Game Theoretic Approaches to Economic Systems and Case Studies 

GT concepts, though initially seen as an isolated system in the 1960s and 1970s, have become an interdisciplinary tool 

for economists to discern and understand stakeholder strategies with multi-layered perspectives. Existing game theory 

concepts commonly applied in economic systems include the Nash Equilibrium and Cooperative vs. Non-Cooperative 

Game Theory. The Nash Equilibrium often forms the basis for GT models and frameworks as a scenario in which no 

player in a non-cooperative game gains anything by deviating from their initial strategy, assuming all players are 

rational agents. Approximating the Nash equilibrium of a game can offer insights as to the best response in various 

scenarios, and this concept has applicability in virtually every branch of game theory as evidenced by the scope of 

research on this topic (Abedian et al., 2022; Zhou et al., 2022). Cooperative and non-cooperative GT models have 

expanded researchers’ understanding of multi-stakeholder scenarios and outcomes in CE policy implementation. 

Cooperative game theory (CGT) allows players to form binding agreements and coalitions that result in varying 

outcomes. In contrast, noncooperative game theory (NCGT) seeks to explain how individuals make decisions based 

solely on their own logic and without the assistance of other individuals. This GT approach is used in a number of 

papers; one example is the study by Cobo et al. (2020), which models the strategic interactions between waste 

managers and regional farmers in a circular integrated waste management system using bilateral optimization and 

Stackelberg equilibrium. These models demonstrate how well sequential games capture the intergovernmental 

dynamics and strategic misalignments that define the application of CE policy. 

E. Identified Gap and Proposed Research Direction 

These key GT models have widespread applications in current CE studies and can inform policy recommendations in 

India based on derived outcomes and insights. However, despite the widespread success of GT in advising and 

implementing CE outcomes, its use remains limited in evaluation of government schemes in India to the same effect. 

As a key stakeholder in GT interactions and games, the government plays an important role in policy promulgation 

with interventions affecting multi-stakeholder games at different levels. In India, where a key barrier to CE 

implementation is poor government regulation, analysis of government schemes utilizing game theory can be effective 

in optimizing outcomes with clearer regulations that promote CE. The value of such a study can also be seen on the 

wider stage, since despite the study into GT’s varied applications, understanding of decision-making behavior remains 

limited. Thus, further research integrating game-theoretic models into the evaluation of Indian government schemes 

is essential to bridge these identified gaps while promoting a deeper understanding of decision makers in an economy. 

Expanding the application of GT in this domain can enhance policy efficiency, drive stakeholder cooperation, and 

ultimately accelerate India’s transition toward a sustainable circular economy. 

III. Research Methodology 

A Research Design . 

This study aims to evaluate the comparative effectiveness of active and passive policies in fostering CE systems 

with the aim of suggesting optimal policy frameworks by employing a non-cooperative game model and answering 
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the stated research questions as a result. To this purpose, we list examples of Indian passive and active policies 

fostering CE systems in the past 10 years in Fig.5. 

 

Figure 5: Active and passive policies in India fostering CE systems 

This study adopts a theoretical-analytical approach grounded in sequential game theory (SGT) to model and evaluate 

the impact of government policy types - active and passive intervention - on the adoption of circular economy (CE) 

practices in India. The methodology integrates qualitative policy analysis utilizing cases for Fig. 5 with formal game-

theoretic modeling, supported by empirical case illustrations to validate theoretical predictions. Here, we define 

passive policies are those that do not require direct compliance or behavioral change from stakeholders — they are 

typically non-binding and rely on voluntary action. On the other hand, active policies actively influence stakeholder 

behavior or enforce compliance in order to achieve policy goals. The study's primary goal is to examine the effects of 

both active and passive government policies on the adoption of circular economy practices' sustainability outcomes 

and compliance rates. Secondly, by capturing the strategic interactions between various government schemes, it seeks 

to determine whether sequential game models can accurately forecast long-term adoption rates. Finally, in order to 

provide insights into the efficacy of policy interventions in fostering sustainable economic growth, the study will 

evaluate the extent to which active government policies enhance the adoption of circular economy practices compared 

to scenarios relying on passive policies or minimal intervention. 

B. Conceptual Framework 

This study employs repeated extensive-form (sequential) game models to capture dynamic inter-governmental 

interactions with regard to CE policy implementation. A non-cooperative game model was chosen because it better 

reflects the decentralized and frequently contradictory nature of decision-making between the central and state 

governments in India. The Indian federal structure, especially the inclusion of environmental regulation under the 

Concurrent List in the Seventh Schedule of the Constitution, allows both the central and state governments to enact 

laws and take independent action, in contrast to cooperative models that rely on legally binding agreements. The use 

of a Stackelberg-style non-cooperative framework to model CE policy dynamics is thus justified by the strategic 

misalignments and autonomous optimization that this constitutional framework causes at every level of government. 

While previous studies have effectively utilized dynamic game models to explore optimal policy trajectories within 

hierarchical stakeholder environments – particularly those including Stackelberg-type leader-follower dynamics (Wei, 

2020; Y. Zhu et al., 2022) – they have largely overlooked the specific institutional dynamics between national and 

subnational levels of governance as endogenous determinants of policy performance. By isolating these two parties, 

we can further extend the current understanding of policy formulation and implementation by the governance at 

multiple levels. This study offers granular insights into equilibrium outcomes under varying institutional alignments 

and regulatory incentives, thereby extending the theoretical frontier of CE policy design within decentralized 

administrative systems.  



 

A Game-Theoretic Approach to Indian Government Schemes …             9

The two principal players considered are the Central Government (Leader) and the State Governments (Follower). 

The Central Government moves first by selecting either a passive or active policy stance, following which the State 

Governments respond by choosing between strict and lenient regulatory frameworks. For this study, we model a 3-

round repeated game to mirror the typical 5-year intergovernmental policy cycles in India (e.g., NITI Aayog 

frameworks, Swachh Bharat Mission phases), where central guidelines are periodically revised and states respond 

with varying levels of enforcement. For the purpose of this study, policy payoffs for central and state governments are 

evaluated according to the given qualitative ordinal utility functions.  

CG Payoff = α (Target Achievement Rate) + β (Private Sector Mobilization) – δ (Fiscal Outlay) 

SG Payoff = μ (Local Activity) + ξ (Local Sustainability Impact) – ρ (Administrative Load) 

In this case, the central government generally aims to minimize the related fiscal and administrative outlay (δ) while 

maximizing target achievement rate (α) with regard to national circular economy goals, and general resource 

productivity gains through private sector mobilization (β). The state government's priorities are to attain sufficient 

waste diversion and local sustainability impact in return for expended effort (ξ), promote region-specific economic 

activity and CE-linked development outcomes (μ) while reducing the administrative, political, and logistical burdens 

of enforcement and coordination (ρ). To empirically ground this payoff structure, the study draws on select case studies 

of Indian government schemes that reflect varying alignments of central and state-level strategies. These cases 

illustrate how different combinations of active or passive central policies and strict or lenient state-level enforcement 

have influenced CE adoption, economic efficiency, and institutional outcomes. By mapping real policy behaviour to 

the conceptual utility function, we validate the ordinal payoff rankings and demonstrate how strategic interactions 

unfold in practice. To achieve this objective, we examine policies from Fig. 5 as case studies of active and passive 

policies by the central government, and their implementation by state governments to assign relative numerical values 

to payoffs on a scale of 10. 

C. Case Study Analysis 

In order to maintain analytical depth and clarity, we choose a small but representative collection of Indian CE policies 

for each strategy combination, despite the potential for broad applicability with this model. Interpretative robustness 

is prioritized over empirical saturation in this case-based calibration of utility outcomes. Table 1 describes 8 policies 

within the last 10 years taken as the sample for payoff calculations.  

Table 1: Active and Passive Policies in India from the past 10 years 

Policy Name Type Description 

2022 SUP Ban Active Prohibits the manufacture, sale, and use of identified single-use plastic items 

across India. 

PAT Scheme (Phase II 

onward) 

Active A market-based policy promoting energy efficiency in large industries by trading 

energy-saving certificates. 

E-Waste Management Rules 

(2022) 

Active Mandates extended producer responsibility and formal recycling of electronic 

waste. 

Construction & Demolition 

Waste Rules (2016) 

Active Regulates the collection, segregation, and recycling of construction and 

demolition debris. 

Green Credit Programme Passive Incentivizes environmentally sustainable actions through tradable green credits. 

2020 EPR Guidelines for 

Plastics 

(2023) 

Passive Guides plastic producers to manage post-consumer plastic waste through 

recycling and reuse targets. 

UJALA Scheme Passive Promotes energy efficiency by distributing LED bulbs, tube lights, and energy-

FAME I – 2015 Passive Supports electric and hybrid vehicle adoption through subsidies under the 

National Electric Mobility Mission Plan. 

efficient fans at affordable rates. 

Each policy is evaluated on the basis of the utility functions defined previously, with the average of each player’s 

payoffs for different policies (Active-Strict, Active-Lenient, Passive-Strict, Passive-Lenient) taken to formulate a final 

payoff for each game outcome. Each policy has been assigned a payoff on the basis of the parameters (ranked from 0 

to 5, with two positive and one negative parameter) for CG and SG each, through quantitative and qualitative research 

and analysis in Table 2. 
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Table 2: Payoff Matrix for Policy Scenarios Based on Utility Function Analysis

 
Key: Central Government = CG | State Government = SG 

For a detailed explanation of the sources and data used to justify these payoffs, readers may refer to the Appendix. 

The summed payoffs for the two sample policies in each profile were averaged to extract a final payoff per player per 

action profile on a scale of -5 to 10. Utilizing the calculated ordinal payoffs, we construct a sequential game model 

for Round 1 of the repeated game in Fig. 6. 

 
Figure 6: Round 1, sequential game modelling government payoffs for CE policies 

IV. Discussions and Results 

The strategic interactions in the game tree illustrated by Fig. 6 expose two stable Nash Equilibria: (A, L) and (P, S). 

The Central Government (CG) adopts an active policy in equilibrium (A, L), while the State Government (SG) reacts 

with lenient implementation of this policy, yielding payoffs of 5.25, 4.75. Conversely, for the (P, S) equilibrium, SG 

imposes rigorous, strict measures in reaction to CG’s passive policy approach, generating payoffs of (6.34, 5.84). 

Since the state government’s reactions maximize its payoff after each of CG’s possible actions, the resulting 

equilibrium path is subgame-perfect. Notably, the passive-strict arrangement generates a higher payoff than the active-

lenient choice, suggesting a tendency for CG to opt for passivity in cases when SG is expected to respond by acting 

strictly. The social optimum, defined as the outcome maximizing the joint utility or welfare of both players, occurs 

under the active-strict strategy (A, S) and produces a combined payoff of 12.25, the highest among all possible 

variations. When the Central Government adopts an active policy, the State Government’s tendency to be lenient 

prevents reaching the socially optimal outcome. This mismatch of incentives could undermine cooperative 

enforcement. CG may consider employing incentive systems such as cash transfers, institutional support, or increased 

political legitimacy to encourage SG to take strict measures even if CG is not actively involved as a means to 

correcting the imbalance. The cost of strict policy execution is weighed in SG’s decision-making process alongside 

the benefits of local development and environmental results. The reward system implies that SG gains more from 

rigorous enforcement while CG is passive, which may be explained by more discretion or clearer gains. This 

discrepancy calls for closer examination of CG’s strategic alternatives under uncertainty, prompting consideration of a 

mixed strategy approach whereby CG chooses the active policy with probability p and the passive policy with 

probability (1–p) to render SG indifferent between strict and lenient responses. Formally, SG’s predicted benefit from 

leniency is 5.25p + 4.84(1 – p), and from strict implementation it is seen to be 6p + 6.34(1 – p). Equating these and 

solving for p yields an impractical value of p = 2, indicating that there is no mixed strategy equilibrium that balances 

SG’s preferences across policy responses. The game is likely to converge on (P, S), which is superior to (A, L) in terms 

of both individual and collective payoffs while also representing a Nash equilibrium. Therefore, CG’s optimal strategy 
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must be pure. The game is extended over five rounds to account for the time dimension of policy outcomes, and 

discounting is used to reflect the declining marginal value of future payoffs. Differing discount rates are used for both 

players based on their different time horizons; CG is taken to be driven by long-term policy goals and national-level 

planning, while SG tends to prioritize short-term development and political considerations. Discounting future payoffs 

acknowledges that both actors usually underestimate delayed rewards but to different extents, thereby capturing this 

imbalance. A higher discount rate for CG (10%) reflects these broader fiscal and political constraints over the long 

run, whereas a lower rate for SG (5%) accounts for the relatively shorter time horizons at the state level. This approach 

improves the model’s realism by aligning strategic behavior with observed preferences in intergovernmental CE policy 

dynamics. Table 3 calculates the cumulative discounted payoffs over five periods under these conditions. 

Table 3: Cumulative Discounted Payoffs (Five-Period Horizon) 

Strategy Centre Payoff State Payoff Total Payoff (Joint Utility)  

Active-Strict 24.57 28.28 52.85 

Active-Lenient 21.50  21.49 42.99 

Passive-Strict 25.96 26.42 52.38 

Passive-Lenient 19.82  18.10 37.92 

Here, we see that post discounting and payoff cumulation, SG’s best response regardless of CG policy design is to opt 

for strict implementation, while CG then picks its own best choice, passive policy design, which generally minimizes 

excessive expenditure in many cases by offering a voluntary mechanism to achieve CE outcomes. However, it is the 

active-strict profile (52.85) which has the highest cumulative payoff, solidifying its position as the configuration that 

maximizes welfare over the short and long run. This result supports the idea that, in the presence of institutional 

stability and intertemporal consistency, a shared commitment to proactive and strict policy execution produces better 

integrated utility outcomes. Additionally, it underscores the strategic leverage CG holds in aligning SG incentives via 

support mechanisms that are calibrated to internalize the costs and benefits of compliance. The model emphasizes the 

value of long-term coordination over short-term expediency and offers a strong framework for assessing dynamic 

intergovernmental relations in the implementation of circular economy policies. 

V. Conclusion and Policy Recommendations 

This study addresses key gaps in the application of game-theoretic (GT) modelling to India's circular economy (CE) 

policy environment by employing a Stackelberg framework to analyse the interplay between active and passive 

government initiatives. It shows how GT, specifically Stackelberg games, can represent the hierarchical decision-

making and stakeholder interactions inherent in Indian CE policy design and implementation, in contrast with previous 

research that frequently overlooks India's particular CE challenges and the complex intergovernmental policy 

dynamics in the context of active vs. passive policy approaches as well. The findings show that active government 

policies with strict enforcement produce the highest long-term circularity outcomes and overall joint utility, while 

passive policies are more likely to promote stricter state-level implementation due to asymmetrical payoff structures 

and less political resistance. This dual dynamic proves necessary to overcome high implementation costs and deal 

with opposition from different actors. The Stackelberg approach draws attention to the trade-offs between stakeholder 

resistance and ecological success, providing unique policy insights specific to India that are typically missed in generic 

GT models. Future research gaps that we identify with regards to this study are the investigation of simulations that 

evaluate this GT framework in practical contexts and an examination of the impact of the aforementioned findings on 

the UN Sustainable Development Goals.  Lastly, examining global scenarios where incentive-alignment tactics and 

hierarchical policy structures have effectively aided circular economy transitions can also inform future research and 

policy design. One example of how proactive central policies can overcome coordination challenges and align local 

implementation incentives is Singapore's top-down enforcement of recycling and resource recovery initiatives under 

a clearly defined national framework. This dynamic is crucial to the Stackelberg formulation that is being presented 

here. Theoretical game-theoretic predictions and the practical realities of multi-tiered policy implementation in India's 

circular economy landscape could be reconciled by Indian policymakers by using lessons learned from such contexts 

to better calibrate active policy levers and enforcement mechanisms. 
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Appendix: Payoff Justification 

Key: Central-level metrics 

1a – Target Achievement Rate 

2a – Private Sector Mobilization 

3a – Fiscal Outlay 

  Local-level metrics 

1b – Local Activity 

2b – Local Sustainability Impact 

2c – Administrative Load 

Policy Name Parameter Score (0-5) Justification Summary  

UJALA Scheme 1a  4.5 307 bn kWh saved; 36.9 crores bulbs distributed shows broad success. 

2a 4.5 Syska, others joined via PPP model; demand aggregation drove growth. 

3a 4 Zero-subsidy model with ESCO financing minimized central fiscal strain 

1b 3.5 DISCOMs, SDAs involved in rollout; burden partly shifted to states. 

2b 4 ~47.88 bn kWh/year saved; 38.78 MT CO₂ avoided—long-term impact proven. 

3b 4 State-level coordination required, creating moderate administrative stress. 

EPR Guidelines 1a 1 CPCB cited minimal pre-mandate compliance; post-2022 enforcement unclear. 

for Plastics 2a 2 Few brands registered or worked with PROs, limiting circular effort 

3a 1 Near-zero reported cost for CPCB/ULBs; minimal investment in support systems. 

1b 1 Informal sector still processed 50–70%; no new local systems emerged. 

2b 1 EPR did not shift recycling flows or boost outcomes measurably. 

3b 2 Weak monitoring structures, but low engagement also kept workload limited. 

Green Credit 1a 2.5 Land restoration started for only 14.9% of approved areas despite registration 

Program drive. 

2a 3 344 non-PSU entities registered, showing non-state participation. 

3a 3 Central funds decentralized; CPSUs directly fund forest departments, easing 

central burden. 

1b 2.5 Some private/NGO roles evident, but SFD participation was limited to 60.7%. 

2b 2 Minimal land restored yet; environmental outcome still early-stage. 

3b 2.5 Registration tracking and coordination of CPSUs vs others added workload 

FAME I 1a 3 Moderate success; ~76% of revised vehicle targets met by 2024. 

2a 4 OEM growth in 4–5 states; 75 firms joined across 15 regions. 

3a 3 Budget revisions occurred but subsidy-supported growth still constrained rollout. 

1b 3 Charging infra patchy; Gujarat active but others lagged; 24,558 chargers installed 

2b 4 86,252 tons CO₂ cut in Gujarat; modal shift visible in urban centres. 

3b 3 Implementation and grid coordination created moderate burden for 

PAT Scheme II 1a 3 Sectoral targets achieved with measurable energy and CO₂ savings in top-emitting 

DISCOMs/states. 

industries. 

3a 

2a 

1.5 

3.5 

engagement. 

Market-based model with limited direct central spending except for training and 

542 DCs, energy auditors, and ISO adoptions indicate broad industrial 

1b 3.5 

outreach. 

Appointment of managers, M&V submissions, and SME audit participation 

2b 3.5 

shows moderate state-level industry uptake. 

Significant emissions and energy savings in core sectors, albeit uneven across 

3b 1.5 

states. 

Audit demand spread workload, but oversight mechanisms were lean and 

standardized. 

Demolition 

Construction & 1a 2 Only 13 of 53 major cities (targeted by 2020) had recycling facilities by 2020 

Waste Rules 3a 

2a 

3.75 

2.5 

Central and state funding existed, but underutilization and admin-heavy spending 

A few recyclers like Indo Enviro active, but overall private presence minimal. 

1b 2.5 Plant construction limited to few cities; most states lacked segregation and 

enforcement 

reduced impact. 
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2b 1.5 Diversion negligible, despite infrastructure plans; ecological impact weak. 

3b 3.25 25–30% of budgets spent on staff, monitoring, and enforcement shows high 

burden. 

SUP Ban 2022 1a 3.25 Inspections and seizures occurred, but unresolved violations and partial 

enforcement lowered overall success. 

2a 3 569 recyclers and penalties collected, but lack of MSME transition support 

limited private innovation. 

3a 3.25 Enforcement costs were absorbed at state/local level via fines, minimizing central 

burden. 

1b 1.5 Minimal MSME or state programs recorded; informal sector remained dominant 

2b 3.5 High plastic diversion in some states, but persistent SUP circulation limited long-

3b 1.75 Low cost to central/state governance, with simple compliance and environmental 

fund mechanisms. 

term gains. 

E-Waste 1a 3 Steady formal collection growth, but over 60% of e-waste remains informal 

Management 

Rules (2022) 
2a 4 Producer registrations surged from 1,151 to 8,744; CAGR >13% in formal e-

waste market. 

3a 2 477 crores earned from fees, but only 20% utilized 

1b 3.5 State agencies registered city-level collectors and emerging MSMEs in some 

areas. 

2b 2.5 Improved formal recovery (~33%), but most material still handled informally. 

3b 2.5 SPCBs overstretched with ~49% post vacancies; CPCB affidavit confirmed 

capacity strain. 
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