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Abstract

Renewable energy transitions are increasingly shaped by multi-level governance, where national, regional, and local
authorities simultaneously pursue decarbonization objectives, fiscal constraints, and political accountability. These
overlapping mandates generate strategic conflicts over siting, permitting speed, grid expansion, cost allocation, and
distribution of rents from subsidies and congestion revenues. Game-theoretic methods provide a disciplined way to
formalize how heterogeneous objectives and institutional veto points translate into observable policy volatility, delay,
and underinvestment. This paper develops a family of models for renewable transition conflicts that combine ver-
tical policy delegation, horizontal jurisdictional externalities, and endogenous private investment under uncertainty.
The analysis emphasizes equilibrium characterization under limited commitment, incomplete information about local
acceptance costs, and intergovernmental fiscal interactions that distort marginal incentives. Static and dynamic equi-
libria are compared across Nash, Stackelberg, and Markov-perfect formulations to isolate when coordination failures
are structural rather than transient. Strategic incentives are studied for common instrument classes including match-
ing grants, revenue sharing, interconnection pricing, and permitting deadlines, with attention to implementability
under incentive compatibility and participation constraints. The models also accommodate endogenous opposition
and support as strategic actions by communities and developers, allowing conflict to be interpreted as equilibrium
behavior rather than an exogenous friction. The result is an equilibrium-based framework that clarifies which insti-
tutional adjustments change best responses, which merely shift rents, and how policy packages can be designed to
reduce delay without relying on implausible benevolence assumptions.

1. Introduction

Renewable energy transitions require a sequence of co-
ordinated decisions spanning long planning horizons,
large fixed costs, and shared infrastructure [1]. Invest-
ment in generation, storage, and transmission interacts
with land-use regulation, environmental review, grid
interconnection queues, public procurement, and local
consent. These decisions are rarely centralized. In-
stead, they are distributed across multiple governmen-
tal levels and agencies with partially aligned objectives
and distinct constituencies [2]. A national authority
may internalize emissions externalities and security-of-
supply concerns, while a regional authority may priori-
tize industrial development and grid reliability within a
territory, and a local authority may place higher weight
on visual impacts, property values, or short-run em-
ployment patterns. The resulting conflicts are not well
represented by a single benevolent planner; they are
better treated as strategic interactions among actors

with different payoff functions, information sets, and
commitment capabilities.

Game theory is useful here not because it adds
rhetorical structure, but because it forces explicit mod-
eling of incentives and credible actions. Delays in per-
mitting can be interpreted as equilibrium outcomes of a
bargaining game over rents and risk transfers [3]. Over-
building or underbuilding transmission can arise from
free-riding in a network public good. Instability in sub-
sidy regimes can be captured as time inconsistency in
dynamic political games. Even local opposition can be
formalized as an endogenous action that responds to
expected compensation and procedural leverage. Once
conflicts are modeled as strategic, the policy question
shifts from diagnosing a generic lack of coordination to
identifying instrument designs that alter equilibrium
incentives subject to institutional constraints [4].

This paper focuses on equilibrium analysis and strate-
gic incentives in multi-level governance conflicts. The
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Central announces s and transfer rule T(·)

Regional plans grid access k (interconnection /
transmission)

Local chooses delay d and permit p ∈ {0, 1}

Developer chooses capacity x given (s, k, d, p)

Veto points
override costly / limited commitment

Delivered
q(x, k) = min{x, k}

Figure 1. Baseline sequential interaction in multi-level governance: a national support scheme and transfer rule precede
regional grid planning, local procedural discretion, and private investment choices.

System objective
B q(x, k) + P q(x, k)

Concentrated local costs
cLx (visual, land‑use, politics)

Private margins
P q(x, k) + sx – cDx – ϕ(d)

Diffuse benefits
emissions + security value accrue widely

Congestion wedge
q(x, k) binds if k < x

Fiscal incidence
subsidy cost vs. local admin burden

Political cost of conflict
procedural leverage, accountability mismatch

Figure 2. Accountability mismatch as an equilibrium wedge: system-wide benefits are diffuse while costs and procedural
power are local; congestion and fiscal incidence further distort marginal incentives across levels.

core modeling choices emphasize three empirical regu-
larities. First, authority is layered, and higher levels
frequently cannot perfectly dictate lower-level actions,
either due to legal limits or because enforcement is
costly and politically constrained [5]. Second, projects
create spatially concentrated costs with diffuse bene-
fits, producing systematic wedge problems in local ac-
ceptance. Third, investments and policy commitments
are intertemporal, so expectations about future policy
and future opposition feed back into present actions.
The models developed below are intentionally modu-
lar. A baseline static game isolates vertical delegation
and horizontal spillovers [6]. Mechanism-based exten-
sions incorporate private information about local costs
and developer capabilities. Dynamic extensions incor-
porate uncertainty, learning, and limited commitment,
which are central to policy credibility.

The goal is not to claim a universal institutional
prescription, but to provide a technically explicit toolkit
that can be adapted to different constitutional arrange-
ments. The equilibrium objects of interest include the
existence and multiplicity of equilibria, equilibrium com-
parative statics with respect to intergovernmental trans-

fers and veto power, and implementability of coordina-
tion through incentive-compatible contracts [7]. Through-
out, the emphasis is on the strategic logic that can ex-
plain observed outcomes such as excessive delay, frag-
mented grid buildout, and volatile support schemes,
while also identifying the conditions under which tar-
geted incentive designs can reduce conflict without re-
quiring unrealistically strong central authority.

2. InstitutionalArchitectureandStrategicEnvironment
A renewable transition within a jurisdiction typically
involves at least four classes of actors. A central gov-
ernment sets broad decarbonization targets, carbon
pricing rules, or subsidy budgets, and may control na-
tional transmission planning or market design. Re-
gional governments manage planning, industrial pol-
icy, and sometimes distribution network regulation [8].
Local governments control land-use permissions, com-
munity consultations, and elements of environmental
review. Private developers choose whether to invest,
which technologies to deploy, and how to sequence
portfolios. Communities and organized groups influ-
ence local authorities through electoral pressure, litiga-
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State at t
(θt, gt, zt, ft)

st kt (dt, pt) xt

Shocks + transition
(θt+1, gt+1, zt+1, ft+1)

Credibility
policy resets after sunk costs

Political state
zt evolves with conflict history

Option value
waiting under volatility

Figure 3. Markov-perfect framing: investment, permitting, and policy are repeated with evolving technology, congestion,
political support, and fiscal tightness; limited commitment and volatility generate waiting incentives and persistent conflict.

Instrument bundle
matching grant m q(x, k), revenue sharing, interconnec‑
tion pricing

Procedural rule
deadline / standardized review limits feasible d

Local best response
approve vs delay vs deny

Regional best response
choose k given delivery rents

Developer best response
choose x given (s, k, d, p)

Equilibrium outcomes
delay, congestion, buildout rate

Rent channel
transfers can reduce or amplify delay

Complementarity
outcome‑based pay needs k to raise q

Figure 4. Coupled-instrument logic: outcome-based compensation, procedural constraints, and grid pricing jointly reshape
local delay incentives, regional grid investment, and developer entry/scale decisions.

tion, and participation in hearings, and may engage in
costly mobilization when they expect adverse impacts
[9].

Multi-level governance conflicts are often driven by
externalities and accountability mismatches. Benefits
from emissions reductions are geographically diffuse,
while construction impacts and perceived risks are lo-
cal. Fiscal systems frequently exacerbate this mismatch
when localities bear administrative and political costs
but capture limited tax revenue. Conversely, locali-
ties may capture certain rents by extracting conces-
sions or imposing delay, particularly when projects
are location-specific and developers are sunk-cost sen-
sitive [10]. Regional authorities can become mediators
or additional strategic players: they may internalize
some spillovers across municipalities, but they may also
face their own constituency pressures and budget con-
straints.

Institutional veto points determine the feasible ac-
tion sets. Local authorities may have de jure veto
power or de facto veto power through procedural de-
lays. Higher authorities may have override mechanisms,

but these may be politically costly or legally constrained
[11]. The mapping from legal authority to strategic
power depends on enforcement costs and on the cred-
ibility of threats. For instance, a national authority
may threaten to centralize permitting, but if that threat
triggers electoral backlash or administrative overload,
it may not be credible. These institutional details mat-
ter because equilibrium depends on feasible deviations
and credible punishments, not merely on stated objec-
tives [12].

Information is also layered. Local authorities and
communities may have better information about site-
specific impacts and acceptance costs, while national
authorities may have better information about system-
wide reliability needs and the shadow value of emis-
sions reductions. Developers have private information
about costs, learning curves, and financing constraints.
This informational asymmetry creates scope for strate-
gic misrepresentation [13]. A locality might exagger-
ate environmental harms to gain concessions; a devel-
oper might overstate cost sensitivity to secure subsi-
dies. Any proposed policy instrument must therefore



20 Minh Duc et al.

Selection levers
defaults, early projects, transfers, deadline enforcement

Multiplicity
beliefs + strategic complements between k and
x

Low‑conflict regime
fast permits, higher k, higher q

High‑conflict regime
delay, veto threats, binding congestion

Stabilizers
credible rules + outcome‑linked sharing

Escalators
procedural leverage + weak commitment

Figure 5. Equilibrium regimes and selection: complementary incentives can support distinct low- and high-conflict equi-
libria; policy packages matter partly by shifting which regime is risk-dominant or focal.

be evaluated not only for its allocative properties under
truthful reporting, but also for its equilibrium proper-
ties under strategic reporting.

Finally, time matters. Renewable transitions are se-
quences of interdependent investments [14]. Transmis-
sion upgrades can be lumpy and slow, and generation
deployment depends on expectations about intercon-
nection, market prices, and policy durability. Politi-
cal cycles create periodic opportunities to revise poli-
cies, and litigation creates stochastic delays. A static
model can identify incentive wedges, but dynamic mod-
els are required to analyze credibility and option val-
ues. In the following sections, the analysis begins with
a tractable baseline game and then adds informational
and dynamic structure to capture key strategic phe-
nomena [15].

3. A Baseline Multi‑Level Game for Siting, Permitting,
and Grid Access
Consider a stylized environment with three governmen-
tal levels indexed by g ∈ {C, R, L} for central, regional,
and local, and a representative developer indexed by
D. The developer chooses an investment scale x ≥ 0
for renewable capacity at a candidate site. The project
requires a local permit decision p ∈ {0, 1}, where p = 1
grants approval. The project also requires grid access
capacity k ≥ 0 (interpretable as interconnection capac-
ity or complementary transmission investment) chosen
by an authority that may be central or regional de-
pending on institutional assignment; for concreteness,
let the regional authority choose k. The central author-
ity chooses a subsidy or support parameter s ≥ 0 and
may also set a transfer rule to lower levels [16]. The
local authority can impose a delay action d ≥ 0 that
increases developer costs and can also be interpreted
as an intensity of procedural scrutiny.

Let system-wide environmental benefit per unit ca-

pacity be B > 0, valued primarily by the central au-
thority. Let local external cost per unit capacity be
cL, which may be partially internalized by the local
authority and community; treat cL as a site-specific
parameter. Let the developer’s private marginal cost
be cD, and let delay increase cost via a convex function
ϕ(d) and reduce the effective net present value through
a discount factor that depends on d [17]. Grid access k
relaxes a congestion constraint that limits deliverable
output to min{x, k}, generating an economic value per
delivered unit P > 0 (market value or avoided cost).
For tractability, write delivered quantity as q(x, k) =
min{x, k} and approximate with a smooth function when
needed, but keep the interpretation that grid capacity
can be binding.

Payoffs capture political economy in reduced form.
The central authority values decarbonization and reli-
ability, but faces fiscal cost of subsidy and a political
cost if local opposition escalates. The regional author-
ity values local economic activity and reliability, but
pays a budgetary cost for grid investment. The lo-
cal authority values local welfare and political support,
and can extract concessions through delay [18]. A par-
simonious specification is

UC = αC B q(x, k) – βC s x[19] – γC χ(d) (1)

– κC 1{p = 0}, (2)

UR = αR P q(x, k)[20] – βRψ(k) + τR(s, x) (3)

– γR χ(d), (4)

UL = [21] αL η(x) – cL x + T(s, x) + ρ(d, x)[22] – ω(d),
(5)
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Table 1. Key actors in multi-level renewable governance and their strategic roles

Level / actor Typical responsibilities Strategic levers and constraints
Central government
(C)

Decarbonization targets, car‑
bonpricing, national support
schemes, market design

Subsidy rate s, transfer rules to R
and L, potential override powers,
but limited commitment and politi‑
cal conflict cost χ(d)

Regional government
(R)

Transmission and distribu‑
tion planning, industrial
policy, regional reliability

Grid capacity k, allocation of con‑
gestion rents, regional transfers
τR(s, x), subject to budget cost
ψ(k) and spillovers across jurisdic‑
tions

Local government (L) Land‑use permissions, local
environmental review, com‑
munity consultation

Permit p, delay d, local bargain‑
ing over T(s, x), political leverage
ρ(d, x), exposed to local external
cost cLx

Developer (D) Site choice, technology port‑
folio, investment scale x

Investment x, project sequencing,
litigation or lobbying, responds to s,
k, d, and permitting risk in profitΠD

Communities / groups Electoral pressure, mobiliza‑
tion, participation in hear‑
ings and litigation

Support or opposition campaigns,
legal challenges, shaping ρ(d, x)
and political cost terms χ(d) per‑
ceived by higher levels

ΠD = P q(x, k)[23] + s x – cD x – ϕ(d) – F, [24]
(6)

where ψ(k) and ω(d) are convex cost functions for
grid build and administrative effort, T(s, x) is an in-
tergovernmental transfer from the central authority to
the locality contingent on observable project charac-
teristics, τR(s, x) is a transfer to the region, η(x) cap-
tures local economic benefit (jobs, tax base) which
may be concave, ρ(d, x) captures local political leverage
from delay (for example, delay may increase bargain-
ing power or generate political support from opposition
groups), and χ(d) is an aggregate political cost of con-
flict perceived by higher levels. The indicator 1{p = 0}
captures an additional central cost when the project is
blocked, reflecting missed targets or reputational costs,
though it can be omitted when central authority can
substitute other sites.

A timing structure determines the game form. A
common representation is a sequential game: the cen-
tral authority chooses s and transfer rule parameters;
the regional authority chooses k; the local authority
chooses delay d and permit p; the developer chooses
x given anticipated approval and grid access. Alterna-
tive timing is possible, but this sequence captures the
idea that support schemes are announced first, network
planning is medium-term, and permitting decisions oc-
cur after developers propose projects [25]. The equilib-
rium concept is subgame perfect equilibrium when ac-
tions are observed and commitment is credible within
stages.

To avoid degenerate outcomes, impose that the de-
veloper invests only if expected profit is nonnegative
and permit is granted. One can model p as a best
response that compares local payoff under approval
to payoff under rejection, recognizing that delay can
affect both the developer’s proposed scale x and the
transfers T(s, x). In many institutions, localities can-
not directly set x, but they can shift it through delay
and permitting risk, which changes the developer’s op-
timal scale [26]. This is central: local opposition is not
merely a binary veto but a continuous strategic lever
through timing and compliance burdens.

4. Equilibrium Analysis: Vertical Delegation, Horizon‑
tal Externalities, and Credible Commitment
In the baseline sequential game, backward induction
begins with the developer’s choice of x. For fixed (s, k, d, p)
with p = 1, the developer chooses x to maximize ΠD
subject to feasibility and the congestion effect through
q(x, k) [27]. In a smooth approximation where q(x, k) is
differentiable and increasing in x with marginal deliv-
ery qx(x, k) ∈ (0, 1], the first-order condition is

0 = P qx(x, k) + s[28] – cD – ∂xϕ(d, x), (7)

where ϕ can be extended to include scale-dependent
compliance costs, though the earlier expression treated
ϕ(d) as separable. When congestion binds, qx(x, k)
falls, reducing the developer’s marginal benefit and po-
tentially inducing a corner where x ≈ k [29]. This
creates strategic complementarity between grid invest-
ment and generation investment: higher k raises the
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Table 2. Core empirical features motivating the game-theoretic framework

Empirical regularity Description Modeling implication
Layered authority Central, regional, and local

authorities share overlap‑
ping mandates and veto
points

Vertical delegation structure with
sequential moves, limited enforce‑
ment, and imperfect override op‑
tions

Spatially concentrated
costs

Local visual, environmental,
and property value impacts
are concentrated, while ben‑
efits are diffuse

Local payoff includes –cLx with
limited benefit capture, generat‑
ing acceptance wedges and strate‑
gic delay

Intertemporal invest‑
ments

Large, lumpy, and irre‑
versible investments in
generation, storage, and
grid

Dynamic state variables for tech‑
nology, congestion, and political
support; real options and commit‑
ment problems

Asymmetric information Local acceptance costs and
developer cost structures
are imperfectly observed by
higher levels

Mechanismdesign settingwith pri‑
vate types cL, cD, incentive com‑
patibility, and strategic misrepre‑
sentation

Table 3. Core decision variables in the baseline multi-level game

Choice variable Interpretation Primary decision maker
x ≥ 0 Capacity of renewable invest‑

ment at the candidate site
Developer D chooses x given s, k, d,
and expected permit p

k ≥ 0 Grid or interconnection ca‑
pacity that relaxes conges‑
tion

Regional authority R chooses k sub‑
ject to costψ(k)

s ≥ 0 Per‑unit subsidy or support
parameter for capacity or
output

Central authority C chooses s and
possibly its time path

p ∈ {0, 1} Local permitting decision,
with p = 1 granting approval

Local authority L chooses p compar‑
ing approval and rejection payoffs

d ≥ 0 Intensity of procedural delay
or scrutiny

Local authorityL chooses d as both a
screeningandbargaining instrument

q(x, k) Delivered output, often
q(x, k) = min{x, k}

Outcome of joint x and k, affects rev‑
enue, benefits, and transfers

return to x, and higher x raises the value of k for relia-
bility and congestion rents.

The local authority anticipates the developer’s re-
sponse and chooses (d, p). A central issue is that de-
lay can serve dual roles: it can reduce x by increasing
costs, which may improve local welfare if local external
cost dominates local benefits; and it can act as a bar-
gaining device if transfers or concessions increase with
perceived conflict. In a reduced-form sense, the local
problem under approval can be expressed as choosing
d to maximize UL evaluated at x⋆(s, k, d), with p = 1 if
this exceeds the outside option Ureject

L .
When T(s, x) is weakly increasing in x, localities

may face a tradeoff: higher x increases transfers and
perhaps economic benefit, but also increases local ex-
ternal costs [30]. Delay can reduce x while preserving
eligibility for some transfers, which can be attractive if

the transfer schedule is not sensitive to delivered out-
put. This can generate an equilibrium with positive
delay even when delay is socially inefficient, because it
allows the locality to shift the project toward its pre-
ferred scale without directly bearing system-wide costs
of foregone decarbonization.

The regional authority chooses k recognizing the in-
duced x and the possibility that local permitting fails
[31]. If the region benefits from delivered energy or reli-
ability, it has an incentive to invest in k, but it may un-
derinvest if benefits spill over to other regions or if the
central authority captures most of the decarbonization
value. This resembles a public good problem. In the
absence of coordinating transfers, equilibrium k can be
below the system-optimal level even when the project
is approved, resulting in congestion that depresses x
and reduces realized benefits.
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Table 4. Selected structural parameters and cost functions

Parameter / function Economic meaning Role in the model
B > 0 System‑wide environmental

or decarbonization benefit
per unit delivered

Valued mainly by C in UC, enters so‑
cial welfare W

P > 0 Market valueor avoided cost
per unit delivered output

Drives revenue Pq(x, k) in UR and
ΠD

cL Local external cost per unit
capacity (e.g., visual and en‑
vironmental impacts)

Enters UL as –cLx; often privately
observed by locality

cD Developer’smarginal cost of
capacity

Enters ΠD as –cDx, interacts with
subsidy s and delayϕ(d)

ϕ(d) Additional developer cost in‑
duced by delay d

Captures permitting and financing
costs, affects x⋆(s, k, d)

ψ(k) Cost of grid expansionborne
by region R

Drives underinvestment in k when
benefits spill over

χ(d),ω(d) Political and administrative
costs of conflict and effort

Enter UC, UR, UL and shape opti‑
mal delay incentives

Table 5. Reduced-form payoff components for central, regional, local, and developer players

Player Main benefit components Main cost components
Central authority UC Environmental benefit

αCBq(x, k), system reliabil‑
ity, progress toward targets

Fiscal cost βCsx, conflict cost
γCχ(d), penalty κC1{p = 0}

Regional authority
UR

Economic value αRPq(x, k),
regional development, trans‑
fers τR(s, x)

Grid cost βRψ(k), political cost
γRχ(d)

Local authority UL Local economic gains
αLη(x), transfers T(s, x),
bargaining returns ρ(d, x)

Local external cost cLx, administra‑
tive effortω(d)

DeveloperΠD Market revenuePq(x, k), sub‑
sidy sx

Investment cost cDx, delay cost
ϕ(d), fixed cost F

The central authority chooses s and transfer pa-
rameters anticipating downstream best responses [32].
The central problem is complicated by limited commit-
ment: if subsidies can be revised after local approval,
then promises of support may not be credible. A sim-
ple way to represent limited commitment is to allow the
central authority to reset s after observing (k, d, p), con-
strained only by political adjustment costs. In such a
case, developers anticipate subsidy clawback once sunk
costs are incurred, reducing x ex ante. This is an in-
stance of time inconsistency that can be analyzed as a
dynamic game; even in the static baseline, it suggests
that equilibrium investment depends on policy credi-
bility rather than stated policy [33].

A useful equilibrium decomposition is to isolate the
wedge between the marginal social benefit of capacity
and the marginal private and local perceived benefits.
Define a system welfare function for exposition,

W = [34] B q(x, k) + P q(x, k) + η(x) – cL x[35] – cD x
(8)

– ψ(k) – ω(d) – ϕ(d)[36] – F, (9)

abstracting from pure transfers and political con-
flict terms. An efficient allocation (under complete in-
formation and full commitment) would choose (x, k, d)
with d minimizing real resource costs, typically d = 0
unless delay improves information or mitigates real
harms. In contrast, the equilibrium allocation incor-
porates the strategic term ρ(d, x) in UL and the fiscal
incidence of s in UC [37]. The divergence can be sum-
marized by equilibrium conditions that replace B with
an effective valuation distorted by fiscal and political
costs and replace cL with a politically weighted local
valuation.

To formalize one comparative static, suppose the
local permit is granted when
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Table 6. Baseline sequential timing of the multi-level siting and permitting game

Stage Acting player(s) Main decision and information struc‑
ture

0: Policy an‑
nouncement

Central authority C Chooses subsidy s and transfer rules
(T, τR), possibly under limited com‑
mitment and anticipating political
conflict

1: Grid planning Regional authority R Chooses grid capacity k and related
investments, observing s and institu‑
tional environment

2: Local procedure Local authority L Chooses delay d and permit p ∈
{0, 1}, observing (s, k) and local type
cL

3: Investment Developer D Chooses capacity x conditional onex‑
pected approval and anticipated d
and k

4: Realization All players / nature Delivered output q(x, k) and payoffs
realized; conflict and fiscal outcomes
feed into future political and fiscal
states

UL(p = 1) ≥ UL(p = 0), [38] (10)

and suppose UL(p = 0) is normalized to zero. Then
approval requires that the net local surplus, including
transfers and political leverage, is nonnegative. Hold-
ing x fixed, an increase in transfer sensitivity ∂xT(s, x)
can relax the constraint and increase the set of pa-
rameter values (cL) for which approval occurs. How-
ever, if higher transfer sensitivity also increases the
return to delay through ∂dρ(d, x), it can raise equilib-
rium delay [39]. This illustrates an instrument design
tension: buying approval through transfers can create
rent-seeking incentives that prolong procedures.

Equilibrium multiplicity can arise when expecta-
tions about approval affect developer scale and there-
fore local incentives. If higher expected x raises both
local costs and local transfers, the local net surplus
may be non-monotone in x. In such cases, there may
be a low-investment equilibrium with quick approval
and a high-investment equilibrium with intense opposi-
tion and delay, or conversely [40]. The selection among
equilibria can depend on political narratives, early ac-
tions, and institutional default rules. The modeling
implication is that policy evaluation should consider
equilibrium selection effects, not only local compara-
tive statics around one equilibrium.

5. Strategic Incentives and Mechanism Design for Co‑
ordination Under Incomplete Information
Many conflicts in renewable transitions are driven by
asymmetric information about local acceptance costs
and about developer cost structures. A central au-
thority setting a uniform subsidy s may not observe

site-specific cL and therefore cannot condition support
and compensation on true local harm [41]. Localities
may strategically exaggerate harms to extract trans-
fers, while developers may strategically choose siting
to maximize subsidy capture rather than system value.
Mechanism design is relevant because it provides con-
ditions under which a transfer and decision rule can
implement a desired allocation in equilibrium given in-
centive constraints.

Let the locality privately observe cL ∈ [c, c] and
report ĉL to an authority that designs a rule mapping
reports into transfers and decisions. The mechanism
chooses approval probability or rule p(ĉL), an allowable
capacity x(ĉL), and a transfer T(ĉL). The locality’s
utility under truthful cost is [42]

UL(cL; ĉL) = αL η(x(ĉL)) – cL x(ĉL) + T(ĉL) – ω(d(ĉL))
(11)

+ ρ(d(ĉL), x(ĉL)), (12)

where the designer can also specify a delay-reducing
administrative package d(ĉL), interpretable as stan-
dardized timelines or centralized review effort. Incen-
tive compatibility requires that truthful reporting max-
imizes utility:

UL(cL; cL) ≥ UL(cL; ĉL) for all ĉL. (13)

A standard approach is to restrict attention to di-
rect mechanisms and use envelope conditions. When ρ
and ω are absent or separable, the locality’s incentive
constraint typically implies that x(cL) is non-increasing
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Table 7. Policy instruments and their main strategic channels

Instrument class Direct design target Strategic effect in equilibrium
Uniform per‑unit sub‑
sidy s

Aggregate investment in‑
centives

Raises x but can amplify rent ex‑
traction and local delay if not
paired with local compensation

Matching grants / trans‑
fers T(s, x)

Local and regional bud‑
gets

Can relax local participation con‑
straints but may increase delay
when transfers rise with perceived
conflict

Revenue sharing on de‑
livered output

Distribution of Pq(x, k) or
related rents to L and R

Aligns local incentiveswith system
delivery, especially when conges‑
tion is relieved by k

Interconnection pricing
and congestion rents

Grid access terms for D
and rent distribution

Shapes x and k as strategic com‑
plements; allocation of rents influ‑
ences support at each level

Permitting deadlines
and automatic ap‑
provals

Feasible space for delay d Limits delay‑based bargaining but
may shift conflict to outright rejec‑
tion or litigationwithout accompa‑
nying transfers

Two‑part transfer
(A, m)

Participation and
marginal incentives
for L

Fixed componentA supports high‑
cost sites; marginal component m
rewards performance but creates
informational rents

in cL, and transfers must compensate marginally for in-
creased reported costs to prevent misreporting. How-
ever, the presence of political leverage from delay com-
plicates monotonicity because a locality may prefer to
mimic a higher-cost type if that triggers higher trans-
fers and also grants procedural leverage [43]. Thus,
effective mechanism design may need to control not
only transfers but also procedural discretion.

A tractable class of instruments in practice is a
matching grant and revenue-sharing rule based on de-
livered energy rather than installed capacity. Suppose
the central authority commits to a payment per de-
livered unit m ≥ 0 transferred to the locality, so that
T = m q(x, k). Because q depends on grid capacity, this
can induce the region to coordinate on k and can align
local incentives with actual system delivery rather than
nominal capacity [44]. Under such a rule, the local net
marginal benefit of increased delivered output includes
m and may partially offset cL.

To see the strategic effect, consider the local first-
order condition for delay in a smooth approximation
where x responds to d and delivered output responds
through q. A representative condition has the form
[45]

0 = ∂dρ(d, x⋆) – ω′(d) (14)

+
(
[46]αL η

′(x⋆) – cL + m∂xq(x⋆, k)
)
∂dx⋆[47] – ϕ′(d),

(15)

where ∂dx⋆ < 0 when delay raises developer costs.

If transfers are tied to delivered output, the term m∂xq
raises the local marginal return to capacity, reducing
the incentive to use delay to shrink x, but only to the
extent that delivered output increases with x given
k. When congestion binds, ∂xq falls, and the incen-
tive alignment weakens, indicating that grid invest-
ment and transfer design are complements [48].

A second instrument class is a deadline with penal-
ties or automatic approvals, which can be represented
as a constraint on feasible d. Such constraints can re-
duce rent-seeking equilibria by eliminating delay as a
bargaining instrument. However, if local costs are gen-
uinely high in some sites, removing delay discretion
without alternative compensation can lead to outright
permit denial or to increased litigation, shifting con-
flict rather than resolving it [49]. A mechanism view
suggests that procedural constraints should be paired
with compensation rules that satisfy participation con-
straints for high-cost localities.

A third instrument class is a two-part transfer com-
bining a fixed payment for participation and a vari-
able payment for performance. Let T = A + m q(x, k)
with A conditioned on accepting the project. The fixed
component can satisfy participation for high-cost local-
ities, while the marginal component aligns incentives
for scale and timely processing [50]. Yet A creates
rent-extraction risk if types are unobserved, since low-
cost localities also receive A. The designer’s problem is
therefore to choose (A, m) balancing acceptance prob-
ability against informational rents.

When developers also have private information, the
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Table 8. Comparison of static and dynamic game-theoretic formulations

Aspect Static formulations Dynamic and stochastic formula‑
tions

Treatment of time Single‑period game with
contemporaneous choices

Multi‑period game with evolving
states (θt, gt, zt, ft) and Markov
strategies

Policy credibility Subsidy s and transfers
assumed fixed within the
game

Limitedcommitment; st canbe re‑
vised after investments, creating
time inconsistency

Opposition and support Captured through d and
ρ(d, x) in one‑shot interac‑
tion

Political state zt evolves with past
conflict, affecting future mobiliza‑
tion and delay costs

Learning about costs Acceptance costs and tech‑
nology treated as known
or fixed types

Beliefs about cL and technology
evolve; early projects serve as ex‑
periments with spillover benefits

Option value of waiting No explicit real option; de‑
lay only as strategic cost

Developers and authorities delay
topreserve flexibility underpolicy
and demand uncertainty

mechanism problem becomes multi-dimensional. For
example, a developer may privately observe cD and
choose whether to enter [51]. Subsidies that are too
generous induce entry and siting that is privately prof-
itable but system-inefficient, while subsidies that are
too stingy deter socially valuable projects. A policy-
relevant equilibrium analysis therefore treats subsidies,
transfers, and interconnection pricing as a coupled mech-
anism that screens both local acceptance costs and
developer costs. Implementability then depends on
which variables are verifiable: delivered output is typ-
ically verifiable ex post, while local disamenities and
developer costs are not. This pushes designs toward
outcome-based contracts, though outcome-based con-
tracts must handle congestion and curtailment risk,
again linking back to grid investment incentives [52].

6. Dynamic and Stochastic Games: Credibility, Learn‑
ing, and Real Options in Transition Conflicts
Static games capture incentive wedges but miss two
structural features of renewable transitions: policy com-
mitment is limited and information arrives over time.
Dynamic game models represent these features by mak-
ing actions and payoffs time-indexed, with state vari-
ables that evolve stochastically. The relevant equi-
librium concept is often Markov perfect equilibrium,
where strategies depend on payoff-relevant state vari-
ables [53].

Let time be discrete t = 0, 1, 2, . . . . Let the state
include technology cost index θt, congestion state gt,
political support state zt, and an intergovernmental
fiscal state ft representing budget tightness. Let devel-
oper investment be a control xt, grid investment be kt,
and permitting intensity be dt with approval decision
pt. State transitions satisfy [54]

θt+1 = Θ(θt, εθt+1), (16)

gt+1 = G(gt, kt, xt, εg
t+1), (17)

zt+1 = Z(zt, dt, pt, xt, εz
t+1), (18)

ft+1 = F(ft, st, Tt, εf
t+1), (19)

where ε are shocks. Political support zt can en-
code the propensity for opposition mobilization, which
may increase if projects impose costs without visible
compensation, or decrease if communities observe ben-
efits and credible procedural fairness. This state depen-
dence captures an empirically relevant phenomenon:
early conflict can raise the expected cost of future projects
by shifting political beliefs and mobilization capacity.

A central dynamic conflict is time inconsistency
in subsidy policy [55]. Suppose the central author-
ity chooses st each period after observing sunk invest-
ments. If subsidizing is politically costly and the cen-
tral authority cannot commit, then once investment
is sunk the central authority may prefer to reduce st
and save fiscal cost, even though high st was necessary
to induce investment. Developers anticipate this and
invest less, producing a dynamic credibility problem
[56].

This can be formalized via Bellman equations. Let
the developer’s value function be VD(θ, g, z, f) and the
central authority’s value be VC(θ, g, z, f). A Markov
strategy profile (σC,σR,σL,σD) is an equilibrium if
each player’s strategy maximizes its value given oth-
ers’ strategies and the induced transition. For the de-
veloper, the control problem can be written as [57]
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Table 9. Dynamic state variables and illustrative calibration targets

State variable Interpretation Example empirical proxy
θt Technology cost index and

learning level
Capital cost indices, auction clear‑
ing prices, technology‑specific
LCOE estimates over time

gt Grid congestion and inter‑
connection state

Queue lengths, curtailment rates,
congestion price spreads, backlog
of connection requests

zt Political support and mobi‑
lization capacity

Vote shares, survey‑based support
for projects, counts of organized
objections or lawsuits

ft Intergovernmental fiscal
tightness and budgetary
slack

Measured deficits, debt limits, ear‑
marked revenues for energy or in‑
frastructure

Belief state on cL Posterior distribution of lo‑
cal acceptance costs

Changes in approval rates and de‑
lays after similar projects, inferred
from panel data on siting out‑
comes

Table 10. Selected mechanisms generating deployment inefficiencies and their empirical signatures

Source of inefficiency Mechanism in the model Characteristic data pattern
Local acceptance
wedge

cLx is imperfectly offset
by local benefits and
transfers

High rejection or delay where exter‑
nal cost proxies are lowbut fiscal re‑
turns are weak

Underinvestment in
grid

Regional cost ψ(k) with
spillover benefits and
weak revenue sharing

Persistent congestion, long queues,
and curtailment despite strong na‑
tional targets

Delay‑based rent ex‑
traction

Positive ρ(d, x) and weak
constraints on d

Longer permitting times and larger
concessions in settings with gener‑
ous support schemes

Policy volatility and
weak commitment

Time‑varying st chosen af‑
ter sunk investments

Investment slowdowns around ex‑
pected policy revisions and boom–
bust deployment cycles

Misaligned instruments Poorly coordinated s,T, k,
and permitting rules

Instruments that raise fiscal cost
without materially reducing delay
or congestion

VD(θ, g, z, f) = max
x≥0

{
πD(x; θ, g,σC,σR,σL) (20)

+ δ [58]E
[
VD(θ′, g′, z′, f′)

∣∣ θ, g, z, f, x
]}

,
(21)

where δ ∈ (0, 1) is a discount factor and πD is the
per-period profit depending on current policy and per-
mitting outcomes [59]. The central authority solves
an analogous problem, but its action affects future po-
litical support z′, which in turn affects future conflict
costs. This creates an intertemporal incentive to invest
in credibility and conflict reduction, but only if current
decision makers sufficiently weight future payoffs.

Learning can be incorporated by treating cL or ac-
ceptance costs as unknown and updating beliefs [60].

Suppose local acceptance cost is cL = c̄ + ν, where ν
is unknown and communities learn from project expe-
rience. Then early projects serve as information ex-
periments. A planner with commitment may toler-
ate some early cost to reduce uncertainty and accel-
erate later deployment. In contrast, multi-level gov-
ernance can distort experimentation incentives: a lo-
cality bears most of the early learning cost while the
benefits of improved beliefs may accrue system-wide.
This can generate equilibrium under-experimentation,
a dynamic free-riding problem distinct from static un-
derinvestment [61].

Real options arise because investment is partially
irreversible and future policy is uncertain. If policy
volatility is expected, developers delay investment to
preserve option value. Localities may also delay deci-
sions to wait for better compensation or clearer politi-
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cal signals. These option values can be represented by
convex continuation values in the Bellman equations,
which can make delay privately optimal even when it
reduces expected social surplus [62]. The model impli-
cation is that stabilizing policy rules, even at slightly
lower expected subsidy levels, can increase investment
by reducing option value of waiting, thereby improving
equilibrium deployment.

Dynamic interaction also clarifies why one-time com-
pensation can be insufficient. If political support state
zt evolves based on perceived fairness, then transfer
design affects not only immediate acceptance but also
the future cost of permitting. Policies that reduce pro-
cedural conflict today can lower zt+1, improving fu-
ture equilibria. Conversely, policies that appear coer-
cive may reduce delay in the short run but increase
zt+1 through backlash, raising long-run conflict costs.
This intertemporal tradeoff is naturally captured in dy-
namic equilibria but is difficult to see in static models
[63].

7. Computational Characterization, EquilibriumSelec‑
tion, and Empirical Calibration
The practical use of these models often requires compu-
tational methods because equilibria can be high-dimensional,
non-linear, and potentially multiple. In static games
with continuous actions, existence can be established
under standard continuity and compactness assump-
tions, but equilibrium computation may still be chal-
lenging due to non-convexities induced by minimum
operators in congestion, discrete permit choices, and
discontinuities from deadline rules. Smoothing approx-
imations for q(x, k) and probabilistic permitting rules
can be used to facilitate computation while preserving
qualitative strategic structure [64].

Dynamic Markov-perfect equilibria can be computed
via value function iteration, policy iteration, or projec-
tion methods, but the presence of multiple governmen-
tal players turns the problem into a dynamic stochastic
game rather than a single-agent control problem. One
approach is to restrict strategies to parametric forms
and solve for fixed points in best-response mappings.
Another is to compute equilibria on a discretized state
space using backward induction when horizons are fi-
nite or using algorithms for stationary equilibria when
horizons are infinite. The computational burden in-
creases when beliefs are state variables, as in learning
models, because the belief distribution must be tracked
[65].

Equilibrium selection is particularly important when
models admit multiple equilibria corresponding to high-
conflict and low-conflict regimes. Selection can be dis-
ciplined by introducing small payoff perturbations, by
specifying trembling-hand refinements, or by modeling
focal points created by institutional defaults. For pol-
icy analysis, it is often insufficient to report a compar-

ative static at a single equilibrium; rather, the model
should be used to assess whether a policy change shifts
the basin of attraction toward low-conflict equilibria
by altering best-response slopes and credibility condi-
tions.

Empirical calibration can proceed by mapping model
primitives to measurable objects [66]. Grid congestion
states can be proxied by queue lengths and curtailment
rates. Delay can be proxied by permitting durations
and litigation incidence. Transfers and subsidies are
observed in budgets and tariff rules [67]. Political sup-
port states can be proxied by vote shares, survey mea-
sures, or counts of organized interventions. The key
identification challenge is that observed outcomes are
equilibrium objects, so reduced-form correlations can
confound shifts in primitives with shifts in equilibrium
selection. Structural approaches attempt to estimate
primitives such as acceptance cost distributions and
political conflict costs by matching equilibrium predic-
tions to observed patterns across jurisdictions.

A cautious interpretation is warranted because many
institutional details matter for mapping the abstract
action sets to real policy levers [68]. For example, a lo-
cal authority’s ability to delay may be constrained by
statutory deadlines but expanded by litigation chan-
nels. A central authority’s ability to commit may de-
pend on whether subsidies are legislated with multi-
year appropriations or can be revised administratively.
These details can be represented as constraints in the
model, but doing so requires careful institutional mea-
surement.

Nonetheless, even without full structural estima-
tion, the framework can be used to reason about which
data patterns are consistent with which strategic mech-
anisms [69]. For instance, if increased central subsidies
correlate with increased local delay, that may indicate
rent-seeking through procedural leverage rather than
genuine harm mitigation, especially if delay is concen-
trated where local external costs are low by observ-
able proxies. Conversely, if delay falls when compen-
sation is tied to delivered output rather than installed
capacity, that supports the mechanism-design predic-
tion that outcome-based transfers reduce incentives for
strategic shrinkage and bargaining delay under con-
gestion risk. Similarly, if policy volatility correlates
strongly with investment slowdowns beyond what mar-
ket price volatility would predict, that supports the dy-
namic credibility channel and option value of waiting.

The computational and empirical perspective also
highlights a design principle: instruments should be
evaluated as coupled systems [70]. A change in inter-
connection pricing affects developer incentives and also
the distribution of congestion rents that can be shared
with localities. A change in permitting deadlines af-
fects the feasibility of delay strategies and therefore
changes the bargaining environment for compensation.
A change in revenue sharing affects the region’s willing-
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ness to invest in grid capacity, which feeds back into
the efficacy of outcome-based transfers [71]. These in-
terdependencies are exactly what equilibrium analysis
is intended to capture.

8. Conclusion
Multi-level governance conflicts in renewable energy
transitions can be understood as equilibrium outcomes
of strategic interaction among authorities, developers,
and communities with heterogeneous objectives, asym-
metric information, and limited commitment. A base-
line sequential game illustrates how local procedural
discretion and regional grid investment interact with
central subsidy policy to determine investment scale,
congestion, and delay. Equilibrium analysis reveals
that coordination failures can persist even when all ac-
tors prefer a successful transition in aggregate, because
incentives are shaped by externalities, fiscal incidence,
and the strategic value of delay as a bargaining instru-
ment [72].

Incentive design can mitigate these failures, but im-
plementability depends on what is observable and on
the credibility of commitments. Transfers tied to de-
livered output rather than installed capacity can bet-
ter align local incentives with system performance, es-
pecially when complemented by regional grid invest-
ment. Two-part transfers can balance participation
with marginal incentives but create informational rents
when acceptance costs are private. Procedural con-
straints such as deadlines can reduce delay-based rent
extraction, but without compensation mechanisms they
risk shifting conflict into denial or litigation [73]. Dy-
namic and stochastic game extensions emphasize that
credibility and learning are central: policy volatility in-
creases the option value of waiting and reduces invest-
ment, while early conflict can raise future opposition
through political state dependence.

A computational and empirical lens underscores the
importance of equilibrium selection and coupled-instrument
evaluation. Many observed outcomes are consistent
with multiple mechanisms, so distinguishing channels
requires attention to how institutional constraints shape
feasible deviations and how policy changes alter best
responses. Overall, game-theoretic modeling does not
eliminate the institutional complexity of renewable tran-
sitions, but it provides a coherent structure for analyz-
ing how that complexity translates into strategic incen-
tives, equilibrium outcomes, and the conditions under
which policy packages can reduce conflict while respect-
ing multi-level governance realities [74].
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