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ARTICLE INFO ABSTRACT

JEL classification: This study examines whether the maturity of national climate-law regimes improves firms' access to energy. We
Q48 merge firm-level energy-constraint information from the World Bank Enterprise Surveys with country-level

Q54 climate-law implementation dates for 125 economies over 2006-2022. Firms' energy constraints are measured
gzg using a WBES indicator for whether energy is reported as an operational obstacle, while climate-law maturity is
013 captured as the number of years since a country's first qualifying climate law entered into force. We find that

194 longer-standing climate laws are associated with a significantly lower likelihood that firms face energy con-
straints. The association is stronger for capability-rich firms: older, higher-sales and exporting firms, and is
amplified by experienced management and public listing, while financing constraints weaken firms' ability to
benefit from regulatory maturity. Country energy conditions matter: higher renewable energy production and
lower energy price inflation coincide with fewer constraints. We address endogeneity using instrumental-
variable estimation, conditional mixed-process estimation, propensity score matching, and extensive robust-
ness checks (alternative outcome and regulatory proxies, outlier exclusions, and additional controls), which yield
consistent evidence in support of the main result. The findings suggest that maintaining credible, durable climate
laws, paired with renewable capacity expansion, price-stability policies, and targeted finance for constrained
firms, can deliver operational co-benefits by improving firm-level energy access.
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1. Introduction A growing empirical literature shows that firms’ energy access is

shaped by a combination of firm capabilities and country fundamentals,

Reliable and affordable access to energy remains a binding opera-
tional constraint for firms in a large part of the world economy. Recent
progress toward universal access has been uneven and, in some regions,
fragile, shaped by setbacks in basic access, a decline in public financing
for clean energy, persistent cross-regional gaps in renewable capacity,
and renewed pressure from post-pandemic energy demand and price
dynamics [1-4]. Nowhere are these challenges more acute than in
developing regions where energy poverty, limited grid resilience, and
high reliance on traditional cooking fuels remain widespread [5]. At the
same time, global initiatives, and investment commitments, including
large-scale clean energy targets and tax incentives, signal both the ur-
gency and the opportunity to narrow these gaps, provided that enabling
policies and institutional capacity translate ambition into durable
infrastructure and market outcomes [6].

* Corresponding author.

with direct implications for productivity, competitiveness, and growth.
On the countryside, the quality of generation, transmission, and distri-
bution infrastructure is central to reliability and outage risk, while
energy-system vulnerabilities and supply disruptions propagate through
input costs and uncertainty [7-9]. On the firm side, financial resources
and organizational capacity enable investments in resilience (e.g.,
backup systems, distributed generation, storage) and in
energy-management practices that reduce exposure to grid instability
[10,11]. Geographic location and network connectivity matter as well,
with infrastructure disparities between urban and rural areas translating
into heterogeneous reliability for productive users [12]. Macro-financial
and institutional conditions also play a critical role: energy price vola-
tility constrains planning and can amplify financing pressure, while
institutional quality shapes how effectively economies mobilize
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investment and coordinate infrastructure upgrading [13,14]. Taken
together, this evidence establishes that energy access is not merely an
engineering problem; it is an economic, institutional, and
firm-capability problem.

Environmental policy is increasingly viewed as one of the most
consequential institutional levers shaping energy systems. Policy in-
struments such as carbon pricing, renewable portfolio standards, and
incentives for clean investment can accelerate the shift away from fossil
dependence while fostering a more resilient and diversified energy
supply [15,16]. At the firm level, environmental regulation can also
incentivize efficiency investments and cleaner production, reducing
energy intensity and easing pressure on constrained grids [17,18]. In
principle, these channels imply that environmental policy may generate
“co-benefits” for operational outcomes, among them, the reliability and
affordability of energy available to firms.

Climate laws constitute a particularly salient policy class within this
broader environmental policy landscape. They shape the production,
distribution, and consumption of energy through binding commitments
and statutory frameworks that support mitigation objectives, energy
efficiency, and renewable adoption [19-21]. Because many climate-law
instruments affect both the demand side (through efficiency standards
and behavioral incentives) and the supply side (through renewable
deployment and system modernization), they can plausibly influence
firm-level energy constraints over time [17,22]. Yet, despite their cen-
trality in climate governance, the firm-level operational implications of
climate laws, especially for energy access, remain insufficiently
understood.

This gap is notable for at least three reasons. First, much of the
empirical work on climate laws and related policies has emphasized
environmental outcomes (e.g., emissions trajectories), while the eco-
nomic and operational effects on firms, such as whether firms can access
stable energy to sustain production, have received comparatively less
attention [23]. Second, climate legislation is heterogeneous and often
relatively recent in many developing countries, making it difficult to
move beyond existence-based comparisons and toward an understand-
ing of how policy effects accumulate and institutionalize over time [24].
Third, studying firm-level energy access requires integrating regulatory
information with granular firm data in a way that is empirically trac-
table across countries and survey waves; this integration is nontrivial
and can deter systematic cross-country analysis [25]. As a result, the
mechanisms through which climate laws map into firms’ energy con-
straints, and the conditions under which such laws deliver operational
co-benefits, remain underexplored [26].

The developing-country context makes these questions especially
consequential. Many developing economies face less resilient grids,
limited fiscal space for rapid system upgrades, and higher exposure to
imported energy and global price shocks, conditions that can magnify
outages and cost volatility for productive users [27,28]. In such settings,
climate laws may play a dual role: they can create sustained investment
signals and coordination mechanisms for long-run system upgrading,
while also inducing firm-level adjustments that improve efficiency and
resilience [29,30]. At the same time, firms in developing economies are
heterogeneous in their ability to respond. Capability constraints,
particularly financing frictions and limited managerial capacity, may
prevent some firms from translating regulatory signals into improved
energy outcomes, even when laws exist on paper [31,32]. Understand-
ing whether climate laws ease or exacerbate energy constraints, and for
whom, is therefore relevant not only for environmental governance but
also for firm performance and inclusive development.

Against this background, this study examines whether climate-law
maturity, defined as the duration of implementation since a country's
first climate law, reduces firms' energy constraints in mostly developing
economies. The emphasis on maturity is deliberate. Conceptually, the
operational relevance of a climate-law regime should depend not only
on adoption, but also on persistence and institutionalization: durable
laws may reduce policy uncertainty, support learning-by-doing in
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implementation, and crowd in investments whose payoffs materialize
over multi-year horizons [33,34]. This perspective motivates the paper's
central research question: Do longer-standing climate laws improve firms'
access to reliable energy, and how is this relationship conditioned by firm
capabilities and country energy-system characteristics? Building on existing
evidence that institutions shape resource access and infrastructure out-
comes [14] and that environmental policy can affect firm behavior and
energy-system trajectories [15,16], we develop testable hypotheses on
(i) the direct association between law maturity and firm energy con-
straints, (ii) heterogeneous effects across firms with different capabil-
ities, and (iii) conditioning effects from the country's energy price
environment and renewable production capacity.

Empirically, we integrate firm-level data on energy constraints from
the World Bank Enterprise Surveys (WBES) with national information on
climate-law implementation for a sample of 125 mostly developing
countries over 2006-2022. We measure firms’ energy constraints using
a WBES-based indicator capturing whether energy is reported as an
obstacle to operations. Climate-law maturity is measured as the number
of years since the first climate law was implemented in each country-
year. We estimate baseline specifications using a probit framework
appropriate for a binary dependent variable, incorporating country and
sector fixed effects, and clustering standard errors at the country level.
We then evaluate heterogeneity through interaction terms with firm
characteristics and examine key country-level conditioning variables,
including energy price inflation and renewable energy production. To
strengthen inference, we complement baseline estimation with multiple
approaches addressing endogeneity concerns and model sensitivity,
including instrumental-variable techniques, the Oster coefficient-
stability diagnostic, and propensity score matching, alongside a range
of robustness tests using alternative measures and sample constructions.

The results provide consistent evidence that climate-law maturity is
associated with improved firm-level energy access. In the baseline
specifications with country and sector fixed effects, longer-standing
climate laws are linked to a lower likelihood that firms report an en-
ergy constraint. Country conditions matter strongly: energy price
inflation is positively associated with energy constraints, whereas a
higher share of renewable energy production is associated with fewer
constraints. Firm-level correlates are also economically meaningful:
older firms and firms with stronger sales performance tend to report
fewer constraints, while firms facing informal competition report more
constraints; larger firms report higher constraints on average, consistent
with greater energy intensity and exposure to system congestion.
Importantly, the law-maturity association is not uniform across firms.
The interaction results indicate that the constraint-reducing association
of climate-law maturity is stronger for firms with greater capability to
respond, particularly older firms, higher-sales firms, and exporting
firms. Additional moderation analysis further shows that experienced
management and public listing amplify the beneficial association of law
maturity, while financing constraints significantly attenuate it. These
heterogeneity patterns are consistent with the view that durable policy
frameworks create opportunities for improved access, but that firms’
ability to capitalize on those opportunities depends on managerial ca-
pacity and financial slack.

A comprehensive set of robustness and endogeneity checks re-
inforces these conclusions. Instrumental-variable estimation and con-
ditional mixed process estimation produce negative and statistically
significant estimates of the climate-law maturity effect. Propensity score
matching yields a comparable reduction in energy constraints for firms
exposed to more mature climate-law regimes. The Oster diagnostic
suggests caution about residual omitted-variable bias, indicating that
unobservables may matter; accordingly, we interpret the overall evi-
dence as consistent with a causal interpretation while remaining con-
servative about strong causal claims. The main findings are robust to
alternative measurement of the dependent variable, to alternative
proxies for climate-related regulation based on mandatory and volun-
tary ESG disclosure regimes, and to sample variations excluding
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influential country observations. Additional controls for energy-system
composition and quality, technological conditions, and macro-
environmental factors do not overturn the central pattern. Finally,
dominance analysis indicates that energy price inflation is the most
influential predictor of firm constraints in the baseline set, while
climate-law maturity plays a larger relative role in less developed
country subsamples, underscoring the importance of institutional
durability where baseline infrastructure is weaker.

This study offers several benefits for future scholarship. First, it ad-
vances the institutional and environmental policy literatures by dis-
tinguishing regulatory maturity from regulatory presence and by
documenting a “policy continuity” channel through which climate
governance can map into operational outcomes. Second, it provides
cross-country micro evidence that links climate-law regimes to firm-
level resource constraints, bridging an empirical divide between
climate-law research focused on environmental endpoints and devel-
opment/energy research focused on infrastructure and access con-
straints. Third, by documenting capability-contingent effects,
particularly the roles of managerial experience, listing status, and
financing frictions—it motivates a research agenda on the micro-
foundations through which climate governance translates into firm
performance in developing contexts [29,34]. Finally, our results point to
tractable extensions for upcoming scholars: moving from duration to
measures of enforcement intensity and legal quality; exploiting stag-
gered adoption for event-study designs; integrating objective outage
measures with survey evidence; and studying whether energy-price
volatility mediates the law-access relationship [13].

The remainder of the paper proceeds as follows. Section 2 reviews
the theoretical foundations and develops hypotheses, outlining demand-
side and supply-side channels linking climate-law maturity to firm en-
ergy access. Section 3 describes the data, variables, and empirical
strategy. Section 4 presents the baseline results and heterogeneity
analysis. Section 5 addresses endogeneity using instrumental variables,
the Oster diagnostic, and propensity score matching. Section 6 reports
robustness tests and additional controls. Section 7 discusses mechanisms
and interpretation. Section 8 concludes with implications for policy and
future research.

2. Relevant literature and hypothesis development
2.1. Climate laws as institutional infrastructure for energy transition

Climate laws have become a central policy instrument in contem-
porary climate governance. They bundle mandates and enabling pro-
visions that shape mitigation pathways through rules on emissions
reduction, energy efficiency, renewable deployment, disclosure, plan-
ning, and—in some contexts—carbon pricing and market design [19,
35]. Political-economy research emphasizes that the adoption and
durability of such laws reflect both domestic coalitions and state ca-
pacity, which jointly determine whether legislation translates into
credible, investable policy signals [36-38]. This literature is valuable
because it highlights that formal adoption alone may not be sufficient;
persistence, implementation, and institutionalization matter for eco-
nomic outcomes.

Empirical evidence on climate laws and energy-related outcomes is
expanding, but it is dominated by macro-level endpoints. Cross-country
studies connect legal systems and governance to renewable energy in-
vestment and suggest that stronger institutional arrangements can
attract clean-energy capital [39]. Related work documents links be-
tween national climate legislation and energy security [40] and argues
that the effects of climate policies on the renewable transition depend on
complementary political and financial institutions [41]. The strongest
contributions in this stream typically (i) rely on large international
datasets, (ii) employ country-level panels, and (iii) connect policy or
governance measures to investment or security outcomes [39,40].

However, three limitations constrain inference for the firm-level
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question posed in this study. First, macro studies seldom observe the
micro-level mechanisms through which laws affect productive users’
energy reliability. Second, many studies treat climate policy as a binary
presence/absence or as an index, which makes it difficult to isolate the
role of policy continuity and maturity—a salient feature in developing
countries where implementation capacity and credibility evolve over
time [24]. Third, identification remains challenging because policy
adoption is endogenous to development, institutional quality, and
energy-system characteristics that also shape energy access and reli-
ability [23]. These limitations motivate a research design that links
climate-law regimes to firm-level outcomes and that explicitly tests for
heterogeneity and conditioning environments.

2.2. Environmental regulation and firm behavior: demand-side channels
and boundary conditions

A complementary literature examines how environmental regulation
shapes firm behavior. Foundational organizational work argues that
firms respond to environmental demands through changes in routines,
investments, and governance, with responses depending on internal
capabilities and external pressures [42]. Empirical evidence consistent
with the Porter hypothesis links environmental regulation to innovation
and performance in some settings, but emphasizes heterogeneity and the
importance of the regulatory design and enforcement environment [43].
Energy-management studies show that internal managerial system-
s—monitoring, metering, process control, and structured energy man-
agement—are associated with greater energy-efficiency investment and
operational improvement [44,45].

Disclosure and transparency mechanisms represent a further
demand-side pathway. Corporate environmental reporting and assur-
ance can discipline firms by increasing visibility to investors and
stakeholders, although measurement validity and greenwashing risks
persist in some reporting regimes [46,47]. Supply-chain transparency
and sustainability governance can strengthen incentives for cleaner
production, but the effects may depend on enforcement, market access,
and the credibility of information channels [48]. The broader stake-
holder literature similarly argues that sustained pressures from in-
vestors, regulators, and civil society shape firm practices, especially
where governance systems promote accountability [49].

Two critical implications follow for this study. First, the demand-side
effect of climate laws on energy constraints is plausible: durable legal
regimes can encourage efficiency investments, better energy manage-
ment, and cleaner procurement that reduce exposure to outages and
volatility over time [42,44]. Second, the evidence base cautions against
uniform effects. Firms may face short-run compliance costs, and the
benefits of regulatory maturity may accrue primarily to firms able to
finance adaptation and implement management systems, while con-
strained firms lag [34,50]. These boundary conditions motivate the
capability-contingent hypotheses developed below.

2.3. Energy-system supply channels: investment, grid integration, and
resilience

Climate laws also operate on the supply side by shaping incentives
for generation mix, grid modernization, flexibility resources, and long-
term contracting. Policy reviews document that renewable energy
integration is supported by combinations of targets, incentives, grid
codes, and market design that reduce uncertainty for investors and
system operators [51]. Work on renewable energy communities em-
phasizes the role of policy architecture for a “just” transition and high-
lights that legal frameworks shape whether decentralized solutions scale
[20]. The systems literature stresses that flexibility (storage, demand
response, balancing markets) is essential for integrating variable re-
newables while maintaining reliability [52-54].

Evidence on carbon pricing suggests that pricing instruments can
shift dispatch and investment toward cleaner technologies, but effects
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vary by design and political constraints; importantly, carbon pricing
may raise energy costs in the short run, potentially tightening con-
straints for some firms absent compensatory measures or system up-
grades [23,55,56]. Subsidy reforms and green-finance mechanisms are
often emphasized as complements that reduce the cost of capital for
clean investment and accelerate build-out [57,58]. Corporate PPAs and
renewable procurement instruments can reduce price risk and support
capacity deployment, but their feasibility depends on market depth,
regulatory clarity, and counterparties [59,60].

A key methodological observation is that supply-side studies
frequently measure outcomes such as installed capacity, investment
flows, or emissions, rather than the reliability experienced by productive
users. This creates a gap: supply-side policy effects may not translate
into reduced firm constraints if grid quality is weak, if renewables
integration lacks flexibility, or if price volatility dominates firms’ cost
structures [28,61]. This motivates incorporating country energy con-
ditions—such as energy price inflation and renewable production—into
the empirical design as key conditioning contexts.

2.4. Firm-level energy constraints: micro evidence, determinants, and
heterogeneity

Firm-level energy constraints remain a widely documented barrier to
productivity and growth, especially in developing markets with infra-
structure gaps and volatility [27,62]. Micro-level research using
developing-country data shows that access to energy is shaped by
institutional conditions and by firm characteristics, including financial
integrity and constraints, which influence the ability to invest in resil-
ience and secure reliable supply [11,14]. Studies focusing on coping
mechanisms suggest that wunreliable grid supply can induce
self-generation and other costly adaptations, implying that improve-
ments in reliability can materially change firm behavior and costs [63].
Broader infrastructure research similarly stresses that modernization of
generation, transmission, and distribution is fundamental to lowering
outages and raising reliability [7,64].

Two methodological limitations recur in this literature. First, many
firm-level studies rely on survey-based constraints that reflect perceived
obstacles, which are informative for operational decision-making but
can be sensitive to reporting differences and survey design [11]. Second,
causal inference remains challenging because firms’ energy outcomes
correlate with unobserved country conditions (institutional quality,
political stability, macro shocks) and with firm attributes (capabilities,
sector) that may also shape regulatory adoption and enforcement [14].
These challenges motivate fixed effects, careful control selection, and
complementary strategies to address endogeneity in the empirical
analysis.

2.5. Theoretical framework

Regarding the core constructs and logic, this study centers on the
proposition that climate laws can function as institutional infrastructure
that shapes both energy-system evolution and firms' operational expo-
sure to energy constraints. The key construct is climate-law maturity:
the duration since a country's first qualifying climate law entered into
force. The maturity concept follows from institutional and credible
commitment logic: policies that persist reduce uncertainty, shape ex-
pectations, and become embedded in administrative routines, which
enables investments with long horizons and increases the likelihood that
laws affect real infrastructure and markets rather than remaining sym-
bolic [33,65].

Two complementary theoretical lenses explain how legal maturity
translates into firm-level energy outcomes: First, the institutional/
credible commitment perspective. Policy durability affects investment
incentives and coordination. When laws persist, utilities, investors, and
regulators can plan for multi-year projects (generation capacity, grid
reinforcement, flexibility resources), and markets develop around
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instruments such as auctions, certificates, and contracting [51,59]. This
channel predicts that legal maturity is associated with improved supply
reliability over time, contingent on implementation capacity. Second,
the capability-based/resource dependence perspective. Firms depend on
external energy systems but can partially reconfigure their exposure
through investment and contracting strategies—energy management
systems, procurement (including PPAs), fuel switching, distributed
generation, and storage. However, such reconfiguration is
capability-contingent: firms with stronger managerial capacity, gover-
nance, and financial slack adapt faster and at larger scale [29,34,66].
Financing constraints, in contrast, can prevent firms from capturing the
benefits of regulatory maturity [50,67].

Regarding the demand-side and supply-side mechanisms within this
framework, climate-law maturity is expected to reduce firm energy
constraints through two reinforcing sets of mechanisms: from the
demand-side (firm and economy), persistent legal regimes standardize
efficiency expectations, increase disclosure and monitoring, and incen-
tivize energy management and cleaner procurement. These mechanisms
reduce energy intensity and peak demand exposure, making firms less
vulnerable to unreliable supply and price spikes [42,44,45]. From the
supply-side (system), mature legal regimes lower policy risk and can
accelerate renewable deployment, grid modernization, and flexibility
resources (storage, demand response), which improve reliability and
diversify supply [52-54]. Policy design also matters: carbon pricing may
raise costs in the short run [23,55], implying that maturity effects are
more likely to materialize under supportive price stability and capacity
build-out.

These effects may be heterogeneous or even offset. The framework
explicitly recognizes countervailing mechanisms and mixed evidence.
Regulatory regimes may initially tighten constraints if compliance costs
increase faster than infrastructure upgrades, if renewables integration
outpaces flexibility, or if energy price inflation dominates cost struc-
tures. Accordingly, the expected relationship is conditioned by (i)
country energy context: energy price inflation and renewable produc-
tion, and (ii) firm capability, financial slack, managerial experience,
export orientation, and governance/market access. These conditioning
channels motivate the empirical interaction tests and moderation anal-
ysis reported below.

2.6. Hypothesis development

H1. All else equal, greater climate-law maturity is associated with a lower
probability that firms report energy constraints.

Rationale: policy continuity strengthens credible commitment,
crowds in investment and market formation, and supports the diffusion
of efficiency and procurement practices that reduce exposure to reli-
ability and cost shocks [33,40,65].

H2. The negative association between climate-law maturity and firm energy
constraints is stronger for firms with greater capabilities (e.g., operational
maturity, financial capacity, export orientation, experienced management,
and stronger governance/market access) and weaker for financially con-
strained firms.

Rationale: capabilities determine whether firms can finance and
implement energy management, procurement, and resilience in-
vestments and can navigate regulatory and contracting environments
[29,34,42,50,66].

H3. The relationship between climate-law maturity and firm energy con-
straints is more favorable in contexts with higher renewable production ca-
pacity and lower energy cost instability.

Rationale: renewable deployment and system diversification can
improve supply security, but the reliability dividend is more likely to
materialize when price volatility and inflationary pressure are contained
[16,68,69].
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These hypotheses translate directly into the baseline specification
(H1; Table 4), interaction tests with firm characteristics (H2; Table 5),
capability moderation (Table 10), and the inclusion of key country
conditioning variables and additional controls (H3; Tables 4 and 8).
Endogeneity is addressed through complementary strategies (Table 6),
consistent with the identification challenges highlighted in the
literature.

3. Empirical strategy
3.1. Research design

This study adopts a post-positivist, hypothesis-testing epistemology
that is standard in empirical research in energy, development, and
environmental economics. The underlying premise is that institutional
arrangements (climate-law regimes) and firm outcomes (energy con-
straints) are real phenomena that can be observed, albeit imperfectly,
through secondary micro- and macro-data. Accordingly, we follow a
deductive and explanatory approach: hypotheses derived from theory
are tested using quantitative econometric models appropriate for the
data structure and the distribution of the dependent variable. Because
cross-country policy settings pose well-known challenges to causal
identification, we strengthen inference through a triangulation strategy
that combines fixed effects, instrumental-variable techniques, condi-
tional mixed process estimation, sensitivity diagnostics, propensity
score matching, and extensive robustness checks ([70-72]; Oster, 2019).
This approach is designed to make the evidentiary logic explicit, to
mitigate key threats to inference where feasible, and to communicate
remaining limitations transparently. The research design is an obser-
vational, multi-level, cross-country design that links firm-level outcomes
to country-year institutional exposure. The unit of analysis is firm i
operating in country j observed in survey year t. The dependent variable
is measured at the firm level using the World Bank Enterprise Surveys
(WBES), while the key explanatory variable is measured at the
country-year level and captures the time elapsed since the first quali-
fying national climate law entered into force.

3.2. Data

We assemble a country-year panel of firm-level data by merging
WBES firm-level information on energy constraints with national data
on climate-law implementation, macroeconomy, and institutions. WBES
(https://www.enterprisesurveys.org/) covers 191,862 firms across 125
mostly developing countries during 2006-2022, providing granular
detail on infrastructure, finance, and regulation in low- and middle-
income settings; repeated survey rounds enable an unbalanced panel
due to entry/exit, non-response, and sampling updates. WBES data are
collected in repeated survey waves across countries, implying a repeated
cross-sectional (unbalanced) structure rather than a balanced firm
panel. WBES predominantly surveys registered (formal) enterprises and
is typically more representative of urban/peri-urban formal firms than
of informal and rural microenterprises. Consequently, the WBES-based
prevalence of energy constraints in our sample should not be inter-
preted as a population estimate for the entire business ecosystem, as
energy constraints may be more severe among informal and rural en-
terprises that are less likely to be captured by the survey frame. Our
empirical objective is therefore to estimate how national climate-law
maturity maps into energy constraints faced by formal firms, which
are central actors for investment, employment, exports, and tax bases in
developing economies. Climate-law dates come from Li et al. [73] and
are cross-checked against ECOLEX (https://www.ecolex.org), the
Grantham Research Institute's Climate Change Laws database (https
://climate-laws.org), and the NewClimate Institute's Climate Policy
database  (https://newclimate.org), allowing wus to quantify
climate-policy maturity as years since first law and link it to firm-level
access outcomes. Country controls from the IMF World Economic
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Outlook and World Development Indicators capture economic and
developmental differences. The final merged sample contains a
country-year panel of 126,154 observations; variables are winsorized at
the 1 % and 99 % levels and log-transformed where appropriate to
mitigate outliers and skewness. This design combines micro detail with
cross-country breadth to compare regulatory and infrastructural con-
texts and assess how climate laws map into firms' operational constraints
[74]. Like any survey, WBES may underrepresent small/informal firms
and relies on self-reports, and its wave-based structure can yield uneven
temporal coverage [75]. Even so, integrating firm-specific responses
with national climate-policy measures and macro indicators is
well-suited to our question on how climate-law implementation relates
to firm energy access in developing countries; the preprocessing choices
and broad set of controls strengthen robustness and support a nuanced
analysis across geographies and time.

3.3. Key variables

The outcome variable is the individual firm's energy constraint
(ENRGACC), which is defined based on the WBES responses. In this
context, "energy constraint" reflects whether a firm has experienced any
energy constraint in the given survey year. Firms indicate this by
responding to survey items about their energy situation, where a
response indicating the experience of an energy constraint (such as
frequent power outages or limited energy availability, etc.) is coded as
"1" and the absence of any such constraint is coded as "0." This binary
indicator thus captures the extent to which firms face energy reliability
or availability issues in medium- and low-income markets.

We define the key independent variable, climate law maturity
(CLIMLAW) as follows. We start from Li et al. [73] and use the infor-
mation therein as a seed list of each country's first national climate law
year. Then we validate/update every date using (i) ECOLEX (we extract
title, jurisdiction, instrument type, adoption and entry into force dates,
(ii) Grantham-Climate Change Laws of the World (instrument type,
status  “in  force”/repealed, year, summary), and (iii)
NewClimate-Climate Policy Database (policy type, start year, status,
links to legal texts when entry into force is missing). We include national
framework climate acts, economy wide binding carbon pricing stat-
utes/decrees, and cross sector climate laws that explicitly create legal
obligations for GHG mitigation; we exclude strategies/NDCs/roadmaps
without legal force, sub national instruments, purely sectoral effi-
ciency/renewables rules without explicit climate mitigation mandates,
and non promulgated announcements. Dating follows a rule: use entry
into force year; if absent, use adoption year only when the text specifies
immediate effect; if multiple qualifying instruments occur in the same
year, keep the earliest effective one; later repeal/update does not change
the original first law year. Conflicts are resolved by a transparent hier-
archy: official legal text/gazette — ECOLEX entry into force — Gran-
tham “in force” year — NewClimate start year — the Li et al. [73] seed.
We then compute for country j and year t: CLIMLAWj; = max{0, t—7;},
code pre law years as 0. This measure captures regulatory maturity and
policy continuity rather than policy presence. The conceptual rationale
is that durable legal regimes are more likely to be institutionalized,
reduce uncertainty, and shape investment and behavioral adjustments
that typically require multi-year horizons.

Table 1 presents the distribution of the variables. High-constraint
countries, such as Pakistan (0.87) and Dominica (0.86), show severe
firm energy access issues, suggesting limited infrastructure or insuffi-
cient alternative energy options. Mid-level constrained countries, such
as Ecuador (0.47) and Malta (0.48), face moderate access issues, indi-
cating some infrastructure support but persistent limitations. In
contrast, low-constraint countries like Croatia (0.16) and Finland (0.13)
demonstrate fewer challenges in energy access, likely due to more
developed infrastructure or diversified energy sources. Regarding
climate law implementation duration, high-duration countries, such as
Brazil (32 years) and Poland (33 years), reflect well-established
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Table 1
Climate laws and firms’ access energy (average country values).
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Country Energy constraint Climate laws Country Energy constraint Climate laws Country Energy constraint Climate laws
Albania 0.57 9 Greece 0.50 20 Nicaragua 0.65 24
Argentina 0.54 32 Grenada 0.29 16 Niger 0.75 11
Austria 0.18 21 Guatemala 0.55 14 Nigeria 0.76 11
Bahamas 0.41 18 Guinea 0.77 4 Pakistan 0.87 11
Bangladesh 0.74 14 Guyana 0.59 22 Panama 0.47 16
Barbados 0.58 11 Honduras 0.57 13 Papua New Guinea 0.78 9
Belarus 0.27 13 Hungary 0.30 18 Paraguay 0.54 22
Belgium 0.37 13 India 0.36 15 Peru 0.41 20
Belize 0.68 9 Indonesia 0.33 18 Philippines 0.32 14
Benin 0.78 20 Iraq 0.81 10 Poland 0.39 33
Bhutan 0.22 11 Ireland 0.06 23 Portugal 0.51 19
Bolivia 0.44 24 Israel 0.11 15 Romania 0.52 10
Brazil 0.60 32 Italy 0.47 25 Russia 0.35 10
Bulgaria 0.30 9 Jamaica 0.60 8 Rwanda 0.36 12
Burundi 0.80 10 Jordan 0.40 10 Samoa 0.64 16
Cambodia 0.47 10 Kazakhstan 0.44 11 Sierra Leone 0.70 8
Cabo Verde 0.72 6 Kenya 0.54 11 Slovakia 0.42 19
Chile 0.58 9 Kosovo 0.80 9 Slovenia 0.29 27
China 0.09 10 Kyrgyz Rep 0.52 16 Solomon Isls 0.49 11
Colombia 0.56 11 Lao PDR 0.34 13 South Africa 0.36 19
Costa Rica 0.69 14 Latvia 0.30 19 Spain 0.56 25
Croatia 0.16 10 Lesotho 0.54 5 Sri Lanka 0.46 13
Cyprus 0.48 3 Liberia 0.70 5 St Lucia 0.82 18
Czech Rep 0.60 19 Lithuania 0.39 11 Suriname 0.40 8
Cote d'Ivoire 0.67 9 Luxembourg 0.35 23 Sweden 0.02 32
Denmark 0.36 31 Madagascar 0.63 13 Tajikistan 0.41 20
Dominica 0.86 21 Malawi 0.55 11 Tanzania 0.79 11
Dominican Rep 0.66 12 Malaysia 0.38 13 Thailand 0.36 16
Ecuador 0.48 24 Mali 0.61 12 Timor-Leste 0.52 12
Egypt 0.44 12 Malta 0.49 14 Tonga 0.48 13
El Salvador 0.47 10 Mauritius 0.52 3 Trinidad & Tobago 0.28 17
Estonia 0.22 23 Mexico 0.52 16 Tunisia 0.40 16
Eswatini 0.32 9 Micronesia 0.53 14 Tiirkiye 0.35 13
Ethiopia 0.68 13 Moldova 0.41 9 Ukraine 0.42 12
Fiji 0.38 11 Mongolia 0.27 23 Uruguay 0.53 18
Finland 0.13 33 Montenegro 0.29 8 Vanuatu 0.53 8
France 0.52 19 Morocco 0.54 14 Venezuela 0.56 15
Gabon 0.74 11 Mozambique 0.40 13 Vietnam 0.23 17
Gambia 0.85 7 Myanmar 0.44 14 Zambia 0.56 17
Georgia 0.50 2 Namibia 0.24 13 Zimbabwe 0.60 8
Germany 0.22 23 Nepal 0.80 12

Ghana 0.83 11 Netherlands 0.15 16 Total average 0.46 15.03

Note. Authors' calculations.

regulatory frameworks that could support energy access through long-
term infrastructure planning. Mid-duration countries, including Sri
Lanka (13) and Tonga (13), display mixed outcomes; while they have
had climate laws in place for over a decade, they still experience high
energy constraints, indicating possible gaps in infrastructure or policy
enforcement. Low-duration countries, such as Cyprus (3 years) and
Mauritius (3 years), show the least regulatory maturity, which, coupled
with high energy constraints, suggests a need for strengthened regula-
tory frameworks and infrastructure investment.

3.4. Controls

We include a compact set of firm- and country-level controls that
theory and prior evidence link to energy access. At the firm level: FAGE
(log years since founding; mean 3.22), capturing organizational matu-
rity and resilience [30,76]; FSIZE (employees: 1 = small, 2 = medium, 3
= large; mean 1.77), reflecting scale, bargaining power, and backup
options [11,77]; FOWNPR (% privately owned; mean 89.17 %), a proxy
for financial flexibility [14,78]; FSALES (log sales; mean 16.52), indi-
cating capacity to finance reliability [29]; FEXPRT (=1 if > 50 % ex-
ports), capturing standards and resources tied to export orientation [14];
and FINFORC (=1 if the firm faces informal competitors), representing
competitive pressure that can exacerbate access issues [79]. At the
country level: ENRGINFL (IMF; mean 4.98 %, range —5.36 %-41.30 %),
capturing cost volatility that tightens constraints [69], and ENRGPRD

(renewables share; mean 6.62 %, range 0 % to > 70 %), proxying system
diversity and sustainability [80,81]. Descriptives (Tables 2 and 3):
ENRGACC mean 0.45; CLIMLAW averages 15.24 years (range 2-33);
correlations: CLIMLAW-ENRGPRD = 0.30, CLIMLAW-ENRGINFL =
—0.12, FAGE-FSIZE = 0.22; the mean VIF = 1.07, indicating negligible
multicollinearity. Detailed definitions remain in the Appendix.

3.5. Estimation methodology

To estimate the effect of climate laws on firms' energy access, where
the outcome variable is binary, a probit model using a maximum like-
lihood estimator offers a more appropriate approach than OLS regres-
sion [70]. The probit model specifically addresses binary dependent
variables by estimating the probability of an outcome using a cumula-
tive normal distribution, which ensures that predictions remain boun-
ded between 0 and 1. To enhance the accuracy and reliability of the
estimates, the country-year model incorporates sector and country fixed
effects, where firm effects are unavailable. These fixed effects account
for unobserved, time-invariant factors that vary across sectors and
countries, such as differences in energy policies, regulatory frameworks,
and industry-specific characteristics. Sector fixed effects control for
variations within specific industries, while country fixed effects address
differences in national energy infrastructures and regulatory environ-
ments. By controlling for these factors, the model reduces some omitted
variable bias and isolates the impact of climate laws on energy access. In
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Table 2
Summary statistics.
Variable Count Mean SD Min P25 P50 P75 Max
ENRGACC 126154 0.45 0.50 0.00 0.00 0.00 1.00 1.00
CLIMLAW 126154 15.24 6.04 2.00 11.00 14.00 18.00 33.00
FAGE 126154 3.22 0.54 0.01 2.89 3.22 3.50 5.86
FSIZE 126154 1.77 0.77 1.00 1.00 2.00 2.00 3.00
FOWNPR 126154 89.17 29.12 0.00 100.0 100.0 100.0 100.0
FSALES 126154 1.65 3.05 0.00 1.44 1.62 1.83 3.55
FINFORC 126154 0.39 0.49 0.00 0.00 0.00 1.00 1.00
FEXPRT 126154 0.07 0.26 0.00 0.00 0.00 0.00 1.00
ENRGINFL 126154 4.98 4.75 —5.36 1.91 4.63 6.14 41.30
ENRGPRD 126154 6.62 10.75 0.00 0.26 2.60 6.90 72.26
Note. The table reports the summary statistics of the variables.
Table 3
Correlation matrix.
Variable @ 2 3 4 5) 6 @) ® ©)] (10)
ENRGACC (1)
CLIMLAW (2)
FAGE (3)
FSIZE (4)
FOWNPR (5)
FSALES (6) 1.00
FINFORC (7) 0.01*
FEXPRT (8) 0.01
ENRGINFL (9) —0.01 1.00
ENRGPRD (10) —0.01%** —0.01 —0.03** 1.00

VIF

Notes. The table reports the pairwise correlations between variables as well as the mean variance inflation factor (VIF) value for the regression.

*p < 0.1, **p < 0.05, ***p < 0.01.

this cross-country analysis, clustering standard errors at the country
level further ensures robustness [82]. Firms within the same country
often face similar conditions and respond similarly to climate laws and
energy policies, creating within-country correlation in error terms.
Together, the probit model, fixed effects, and clustered standard errors
form a rigorous baseline framework for estimating the relationship in
this cross-country setting. The probit model can be expressed as follows:

P(Y_(ijt) =11X.(ijt) ) = @(ﬂ,(m +4.(1) CLIMLAW_(jj) + 4-(2) X_(ijt)

H3) 200+ als) +r-(0)+e-() )
1)

In this model, P(Yj;; = 1|Xjj) represents the probability that firm i in
country j in year t experiences an energy constraint, with ® as the cu-
mulative distribution function of the standard normal distribution. The
dependent variable, ENRGACC;;; is binary, where 1 indicates that a firm
reported an energy constraint. The key predictor CLIMLAWj; measures
the years since a country's first climate law, hypothesized to affect firms'
energy access. The vector Xjj; includes firm-level controls: firm age (log
years since establishment) for maturity, firm size (small, medium, large
by employee count), private ownership (percentage privately owned),
sales performance (log sales as a financial health measure), competition
with informal firms (1 = yes, 0 = no), and exporter status (1 if over 50 %
of sales are exported). These variables capture resource flexibility and
external pressures impacting energy access. Country-level controls
vector Zj; includes energy price inflation (annual price changes) and
extent of renewable energy production (renewable energy percentage),
both influencing energy stability and cost. Sector fixed effects (o) and
country fixed effects (y.) control for unobserved, time-invariant industry
and country factors, with the error term (ejj) capturing unexplained
variance. Probit model coefficients indicate changes in the latent z-score
rather than direct probabilities, with marginal effects often calculated
for interpretation [83]. Given causality challenges, we interpret results

as associations, cautiously using terms like “impact” and “predict” to
describe the observed statistical relationships.

4. Results
4.1. Baseline effects

Table 4 presents the baseline effects of climate laws and controls on
the probability of firms facing energy constraints, estimated using
various fixed effects models. Across all specifications, the duration of
climate law implementation shows a negative and statistically signifi-
cant relationship with energy constraints. In Model (4), the most
comprehensive model, the coefficient for climate law implementation
duration (CLIMLAW) is —0.123 (p < 0.01). This indicates that for each
additional year of climate law maturity, the likelihood of firms experi-
encing energy constraints decreases. This finding supports H1, con-
firming that longer-established climate laws significantly improve firms'
access to reliable energy. The results highlight that mature climate laws
foster regulatory stability, infrastructure development, and alignment
with sustainability goals, reducing firms' energy constraints. Over time,
these laws introduce efficiency standards, carbon pricing mechanisms,
and incentives that promote renewable energy adoption and innovation
[80,84]. Firms respond by investing in energy-efficient technologies and
adopting sustainable practices, which lower operational constraints and
enhance energy reliability [85]. Furthermore, climate laws encourage
infrastructure upgrades, decentralized energy solutions, and energy
storage systems, which improve grid stability and support the integra-
tion of renewable energy sources [54]. Mechanisms like power purchase
agreements and renewable energy certificates provide financial in-
centives that expand clean energy availability, stabilize supply chains,
and ensure firms benefit from sustainable and reliable energy systems in
the long term [59]. These outcomes align with H3, as countries with
greater renewable energy production and lower energy costs experience
fewer constraints on firms' energy access.

Several firm-specific factors also influence energy constraints, with
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Table 4
Baseline direct effects.
Variable m ) 3 4
CLIMLAW —0.012 —0.012* —0.158%%* —0.123%**
(0.008) (0.008) (0.021) (0.021)
FAGE 0.044 0.030 —0.036 —0.051**
(0.036) (0.036) (0.024) (0.024)
FSIZE 0.001 —0.016 0.060%** 0.046%**
(0.028) (0.028) (0.013) (0.013)
FOWNPR —0.001 —0.001 0.001%** 0.001**
(0.001) (0.001) (0.001) (0.001)
FSALES —0.001 —0.001 —0.001* —0.001*
(0.001) (0.001) (0.001) (0.001)
FINFORC 0.110%* 0.115%** 0.061* 0.068%*
(0.043) (0.043) (0.032) (0.031)
FEXPRT —0.054 —0.091%* —-0.010 —0.052%*
(0.040) (0.039) (0.022) (0.022)
ENRGINFL 0.027%** 0.026%** 0.032%** 0.032%**
(0.009) (0.009) (0.008) (0.007)
ENRGPRD —0.002 —0.002 —0.010* —0.010*
(0.003) (0.003) (0.006) (0.006)
Pseudo R> 0.013 0.016 0.098 0.102
Log likelihood —86900.0 —85670.0 —86987.0 —87213.0
Country FE No No Yes Yes
Sector FE No Yes No Yes
N 126154 126154 126154 126154

Notes. The table presents the baseline impact of climate laws on firms' energy
constraint, with control variables accounting for economic and environmental
factors. The data spans from 2006 to 2022, and the estimation employs a probit
model that incorporates both random and fixed effects. Standard errors are
indicated in parentheses and are clustered by country. Model (1) exclusively
incorporates random effects, while Model (2) solely accounts for sector effects.
Model (3) focuses solely on country effects, and Model (4) encompasses both
country and sector effects.

*p < 0.1, **p < 0.05, ***p < 0.01.

some findings supporting H2. Firm age (FAGE) has a negative coefficient
(—0.029, p = 0.043), suggesting that older firms are less likely to face
energy constraints, likely due to accumulated resilience and adaptive
capacity [86]. Firm size (FSIZE) shows a positive coefficient (0.046, p =
0.004), indicating that larger firms are more likely to encounter energy
constraints, possibly due to their higher energy demands. Private
ownership (FOWNPR) has a positive coefficient (—0.001, p = 0.008),
implying that privately owned firms experience higher energy con-
straints. Sales performance (SALES) demonstrates a negative relation-
ship (—0.034, p = 0.039), showing that firms with better financial
performance are more capable of investing in energy-related infra-
structure, reducing constraints [67]. Exporter status (FEXPRT) has a
negative coefficient (—0.052, p = 0.027), demonstrating that
export-oriented firms benefit from consistent energy access to maintain
competitiveness [87]. These results confirm H2, as firms with stronger
financial resources, advanced operational capacity, and export-oriented
strategies better adapt to climate laws and secure reliable energy access.

Country-level factors further shape energy constraints. Energy price
inflation (ENRGINFL) has a positive coefficient (0.032, p < 0.01),
highlighting the adverse impact of rising energy costs on firms' access to
energy, underscoring the importance of economic stability [8].
Conversely, renewable energy production (ENRGPRD) shows a negative
coefficient (—0.011, p < 0.05), suggesting that higher shares of renew-
able energy reduce constraints by providing more reliable and sustain-
able energy sources [68]. These findings reinforce H3, demonstrating
that countries with robust renewable energy capacity and stable energy
costs create an enabling environment for firms to access reliable energy.

The results emphasize the critical role of climate laws in reducing
energy constraints and improving firms' access to sustainable energy.
Policymakers should focus on regulatory maturity, economic stability,
and renewable energy expansion while addressing firm-level disparities
through strategies that enhance financial and technological capacity
[40,41].
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4.2. Indirect effects

Table 5 explores the indirect effects of climate laws on firms' energy
access by analyzing interactions with firm-level characteristics,
revealing how these attributes influence energy constraints under
varying regulatory maturity. The primary variable, climate law imple-
mentation duration (CLIMLAW), remains a significant and negative
predictor across all models. Interaction terms provide additional in-
sights: CLIMLAW x FAGE (—0.005, p < 0.10) indicates that older firms
benefit more from maturing climate laws due to their operational sta-
bility and adaptability [74]. CLIMLAW x FSALES (—0.001, p < 0.05)
suggests firms with higher sales performance leverage regulatory sta-
bility to improve energy access. In contrast, CLIMLAW x FOWNPR
(0.001, p > 0.05) shows that firms with high private ownership do not
significantly benefit, possibly due to prioritizing profitability over
compliance or investment in infrastructure [29]. Lastly, CLIMLAW x
FEXPRT (—0.007, p < 0.10) reveals that export-oriented firms encounter
fewer energy constraints under mature climate laws, likely due to their
strategic importance and resilience in international markets [51]. These
results highlight the moderating role of firm-specific characteristics in
shaping the relationship between climate laws and energy access. These
results show that while longer climate law implementation duration
generally reduces energy constraints, the benefits are greater for older
firms, as well as for firms with strong sales and export performance. In
contrast, large firms and firms with high private ownership may not
experience the same level of advantage. Policymakers should consider
firm-level heterogeneity when designing and implementing energy
policies to maximize their effectiveness [5].

5. Endogeneity

Endogeneity is a frequent challenge in econometric estimation,
occurring when an explanatory variable is correlated with the error term
in a regression model [70]. Endogeneity can significantly affect the
quality of results when estimating the causal effect of climate laws on
firms' energy constraint. If unobserved factors simultaneously impact
both the likelihood of energy constraints and the implementation of
climate laws, the estimated effects of climate laws might capture these
confounding influences rather than the true relationship, leading to
over- or underestimation of the effects. This endogeneity can arise from
omitted variable bias, measurement errors, reverse causality, or adverse
selection. To address endogeneity concerns, the study employs instru-
mental variable (IV) methods, the Oster test for coefficient stability, and
propensity score matching. Table 6 provides the results.

5.1. Instrumental variables

Instrumental variables are employed to isolate the exogenous vari-
ation in climate law implementation, independent of firms' energy
constraints. For this purpose, we utilize the Environmental Democracy
Index (EDI) as an external instrumental variable. EDI is a comprehensive
metric developed by the World Resources Institute and The Access
Initiative, designed to evaluate and compare the extent to which na-
tional laws promote environmental democracy. It assesses countries
across three interrelated rights: the right to freely access information
regarding environmental quality and issues, the right to engage mean-
ingfully in decision-making processes, and the right to seek enforcement
of environmental laws or compensation for damages [88]. These rights
are fundamental to ensuring transparent, inclusive, and accountable
environmental governance. The EDI evaluates these rights through 75
legal indicators, aligned with the United Nations Environment Program's
(UNEP) Bali Guidelines, which assess the robustness of national laws in
safeguarding and promoting procedural environmental rights.

In the context of this research, EDI meets both the relevance and
exclusivity conditions for addressing potential endogeneity when
examining the impact of climate laws on firms' energy access in
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Table 5
Indirect effects.
Variable ) 2) 3) “4) 5) 6)
CLIMLAW —0.088%** —0.118%** —0.125%** —0.123%*** —0.120%** —0.128%***
(0.032) (0.023) (0.021) (0.021) (0.023) (0.022)
CLIMLAW x FAGE —0.005*
(0.002)
FAGE 0.021 —0.051** —0.051** —0.051** —0.051%* —0.051**
(0.053) (0.024) (0.024) (0.024) (0.024) (0.024)
FSIZE 0.046%** 0.073** 0.046** 0.046%** 0.046*** 0.046%**
(0.013) (0.033) (0.013) (0.013) (0.013) (0.013)
CLIMLAW x FSIZE —0.002
(0.002)
FOWNPR 0.001** 0.001** —0.001 0.001** 0.001%** 0.001**
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
CLIMLAW x FOWNPR 0.001
(0.001)
FSALES —0.001* —0.001* —0.001* 0.001* —0.001* —0.001*
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
CLIMLAW x FSALES —0.001*
(0.001)
FINFORC 0.068%* 0.068** 0.068%* 0.068%* 0.086 0.068%*
(0.031) (0.031) (0.031) (0.031) (0.061) (0.031)
CLIMLAW x FINFORC —0.001
(0.003)
FEXPRT —0.052%** —0.052%* —0.053** —0.053** —0.053** 0.062
(0.022) (0.022) (0.022) (0.022) (0.022) (0.067)
CLIMLAW x FEXPRT —0.007*
(0.004)
ENRGINFL 0.031*** 0.032%** 0.032%** 0.032%** 0.032%** 0.032%**
(0.007) (0.007) (0.007) (0.007) (0.007) (0.007)
ENRGPRD —0.010* —0.010* —0.010* —0.010* —0.010* —0.010*
(0.006) (0.006) (0.006) (0.006) (0.006) (0.006)
Pseudo R> 0.102 0.102 0.102 0.102 0.102 0.102
Log likelihood —86,900.0 —86,900.0 —86,900.0 —86,900.0 —86,900.0 —86,900.0
Country FE Yes Yes Yes Yes Yes Yes
Sector FE Yes Yes Yes Yes Yes Yes
N 126154 126154 126154 126154 126154 126154

Notes. Notes. The table presents the interaction effects of climate law with the firm-specific characteristics on firms' energy constraint, with control variables ac-
counting for economic and environmental factors. The data spans from 2006 to 2022, and the estimation employs a probit model that incorporates both random and

fixed effects. Standard errors are indicated in parentheses and are clustered by country.

*p < 0.1, **p < 0.05, ***p < 0.01.

developing countries. First, the EDI, which measures a country's
commitment to transparency, public participation, and access to justice
in environmental governance, is strongly relevant to the enactment and
longevity of climate laws. Countries with higher EDI scores are likely to
have regulatory frameworks that support and uphold climate legislation,
reflecting an environment that promotes mature, effective climate laws
[89]. This governance support is essential to ensure that climate laws
remain robust and impactful over time, thus indirectly influencing the
conditions that affect firms' energy access. Therefore, a higher EDI score
suggests a greater likelihood of climate law maturity and continuity,
directly connecting environmental democracy with our research focus
on the efficacy of climate laws. Secondly, EDI is exclusive in that it is
unlikely to directly impact individual firms' energy access in a manner
other than through the regulatory climate it supports. EDI is a measure
of procedural rights—access to information, public participation, and
access to justice—specifically within the environmental governance
sphere. These rights facilitate the development and sustainability of
environmental regulations but do not directly alter firms' energy infra-
structure or pricing. Thus, while EDI scores reflect an environment
conducive to stronger, more sustainable climate laws, they do not
directly influence the energy constraints firms experience. This makes
EDI a credible instrument, as its effects on firms' energy access are
mediated through its support for climate law development and
enforcement, rather than through direct interventions in energy supply
or pricing. We argue that EDI meets the relevance condition by indi-
cating a supportive environment for climate law maturation and the
exclusivity condition by affecting energy access only indirectly through
regulatory governance, rather than through direct influence on energy

markets.

In Model (1), the first stage results show that EDI is highly significant
as an instrument for CLIMLAW, with a positive coefficient (5.638, p <
0.01), indicating a strong correlation between the instrument and the
allegedly endogenous variable, CLIMLAW. Additionally, the Kleibergen-
Paap LM statistic is significant at the 10 % level (3.077, p = 0.079),
supporting the relevance of EDI as an exogenous predictor of CLIMLAW.
The large heteroskedasticity-corrected Kleibergen-Paap F statistic
(3144.6) confirms the strength of EDI as an instrument, exceeding the
conventional threshold of 10, which indicates robustness against weak
instrument concerns. These statistics suggest that EDI is a valid and
strong instrument, effectively isolating the exogenous variation in
CLIMLAW necessary for inference. In the second stage, the coefficient
for CLIMLAW is —0.053 (p < 0.01), indicating that a longer duration of
climate laws is associated with a lower probability of firms experiencing
energy constraints. The large F statistic (12.207 > 10) confirms the re-
gression's overall significance.

Model (2) employs the Conditional Mixed Process (CMP) estimation,
which is useful for addressing endogeneity by allowing for instrumental
variables within a simultaneous equations framework, capturing unob-
served factors that may influence the endogenous regressor and the
outcome variable [71]. The first stage results (3.928, p < 0.01) also
show that the EDI serves as a strong instrument for CLIMLAW effectively
capturing the exogenous variation needed in CLIMLAW. The model
provides a Chi-squared statistic of 2.29e+06, which is highly significant,
indicating a good fit and suggesting that the model accounts for a sub-
stantial portion of the variance in firms' energy access. The insignificant
Atanhrho value (0.072, p = 1.36) provides additional insights into the
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Table 6
Endogeneity analysis.
Variable (€)) 2) 3) 4
CLIMLAW —0.053*** —0.061%** —0.048%**
(0.002) (0.008) (0.008)
FAGE —0.040* —0.013 —0.018**
(0.022) (0.008) (0.009)
FSIZE 0.052%** 0.021*** 0.016%***
(0.017) (0.004) (0.004)
FOWNPR 0.001 0.001%* 0.001**
(0.001) (0.001) (0.001)
FSALES —0.001*** —0.001%** —0.001%**
(0.001) (0.001) (0.001)
FINFORC 0.041 0.021* 0.024**
(0.028) (0.011) (0.011)
FEXPRT —0.058** —0.003 —0.018**
(0.029) (0.008) (0.008)
ENRGINFL 0.026%** 0.012%** 0.012%**
(0.001) (0.003) (0.003)
ENRGPRD 0.002%** —0.004* —0.004*
(0.001) (0.002) (0.002)
TREATED —0.054%**
(0.003)
First-stage
CLIMLAW
EDI 5.638%*** 3.928%**
(1.560) (0.827)
Kleibergen-Paap F_stat ~ 31.446
Second stage
Pseudo R?
Kleibergen-Paap LM 3.077
stat (pv) (0.079)
F stat 12.207 . 250.067
Chi® 2.290.02
Beta —0.006
Delta 0.301
Atanhrho (pv) 0.072
(0.36)
Mean_bias(%) 7.312
N 65247 126471 126154 85296

Notes. The table presents the impact of climate laws on firms' energy constraint
after applying endogeneity analysis, with control variables accounting for eco-
nomic and technological factors. The data spans from 2006 to 2022, and the
estimation employs IV models. Standard errors are indicated in parentheses and
are clustered by country. Model (1) employs an instrumental variable (IV)
approach utilizing the 2SLS estimator. Model (2) also applies an IV method, but
this time employing the CMP estimator. In the IV analysis, the external instru-
ment utilized is the degree to environmental democracy in the country (EDI).
Model (3) uses the Oster (2019) coefficient stability test to address potential
omitted variable effects.

*p < 0.1, **p < 0.05, ***p < 0.01.

residual correlation, suggesting this correlation is not significant. This
implies that unobserved heterogeneity between the endogenous re-
gressor and the outcome variable is adequately controlled, reducing the
risk of bias from endogeneity. In the second stage, CLIMLAW shows a
negative and statistically significant coefficient (—0.061, p < 0.01),
indicating that a longer history of climate laws reduces the probability of
energy constraints for firms. This aligns with the research hypothesis
that mature climate laws facilitate better energy access, likely by pro-
moting improved infrastructure and stability in energy policies.

5.2. The Oster test of coefficient stability

Model (3) applies the coefficient stability approach of Oster (2019)
to gauge sensitivity of our estimates to omitted variables. As a rule of
thumb, § > 1 is interpreted as evidence that unobservables would need
to be at least as important as observables to overturn the result. In our
case, the estimated 6 = 0.301 indicates limited robustness: relatively
modest selection on unobservables could attenuate the effect toward
zero. We therefore treat this diagnostic as cautionary rather than
confirmatory and avoid causal claims based on the Oster test alone.
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Notwithstanding, within the Oster framework the CLIMLAW coefficient
remains negative and significant (—0.048, p < 0.01), consistent with the
broader pattern in our IV, CMP, and PSM analyses, and with prior evi-
dence that policy frameworks can accompany improved energy reli-
ability [5,37,51,90]. We thus interpret the Oster results as a sensitivity
check, i.e., one that tempers the strength of the inference from selection
on observables models, while relying on the quasi-experimental evi-
dence for more credible identification.

5.3. Propensity score matching

Finally, Model (4) uses propensity score matching (PSM) to create a
balanced comparison group of firms with similar characteristics, except
for exposure to mature climate laws. By matching firms in countries with
long-standing climate laws to similar firms in countries with shorter or
less comprehensive climate regulations (separated by the CLIMLAW
median value), this method reduces bias from observable differences
across groups, providing a more reliable estimate of the effect of climate
laws on energy access constraints. The study uses PSM with a nearest-
neighbor matching process to address potential endogeneity by
creating comparable groups of firms that differ primarily in their
exposure to mature climate laws [72]. This approach aims to reduce
selection bias by matching firms based on similar observable charac-
teristics, allowing for a clearer interpretation of the impact of climate
law maturity on energy access. The TREATED variable in this model
represents firms in countries with mature climate laws—defined as
countries where climate laws have been established for a longer period.
The coefficient for TREATED is negative and significant (—0.054, p <
0.01), indicating that firms exposed to longer-standing climate laws are
significantly less likely to experience energy constraints. This aligns with
the hypothesis that mature climate regulations improve conditions for
energy access by promoting more stable and supportive infrastructure
and regulatory environments. The significance and negative direction of
the TREATED coefficient suggest a robust effect of climate law maturity
on reducing energy access constraints for firms. Moreover, the mean bias
of 7.312 % (<10 %) reflects the success of the PSM process in creating
balanced treatment and control groups with minimal differences in
observable characteristics. This low bias percentage indicates that the
matching process effectively reduces selection bias, enhancing confi-
dence that differences in energy access constraints can be attributed to
the presence of mature climate laws rather than underlying firm char-
acteristics. The PSM results reinforce the interpretation of the robust
effect of climate law maturity on firms’ energy access.

6. Robustness
6.1. Sensitivity analysis

The sensitivity tests evaluate the robustness of our primary findings
regarding the impact of climate laws on firms' energy access by utilizing
alternative metrics and modifications to the baseline model. Table 7
presents the results. In Model (1), an alternative ordinal variable,
derived from WBES data, is employed to assess firms' energy access, with
values ranging from O to 4, where 4 represents a severe constraint
(ENRGACC1). Using the ordinal variable provides richer insights of
firms’ energy constraint since their decisions may be less accurately
captured by the binary bifurcation [91]. Following the new measure-
ment, the coefficient for CLIMLAW remains negative and significant
(—0.551, p < 0.01), indicating that the baseline relationship holds even
with a more refined measure of energy constraints. This supports the
finding that longer-standing climate laws reduce the likelihood of severe
energy constraints for firms.

Model (2) introduces an alternative measure of climate regulation
(CLIMLAW?2) based on the presence of ‘mandatory’ ESG disclosure re-
quirements by country, using data from Krueger et al. [92]. The CLIM-
LAW?2 coefficient remains significantly negative (—0.086, p < 0.01),
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Table 7
Sensitivity tests.
Variable 1) (@) 3 4 5)
CLIMLAW —0.551%** —0.123%** —0.121%***
(0.022) (0.021) (0.022)
CLIMLAW2 —0.086***
(0.008)
CLIMLAW3 —0.097***
(0.001)
FAGE —0.068*** —0.051** —0.051** —0.050** —0.049**
(0.023) (0.024) (0.024) (0.024) (0.025)
FSIZE 0.065*** 0.046%*** 0.046*** 0.045%** 0.045%**
(0.014) (0.013) (0.013) (0.013) (0.013)
FOWNPR 0.001** 0.001** 0.001** 0.001** 0.001**
(0.001) (0.001) (0.001) (0.001) (0.001)
FSALES —0.001%** —0.001* —0.001* —0.001* —0.001*
(0.001) (0.001) (0.001) (0.001) (0.001)
FINFORC 0.089%** 0.068** 0.068** 0.068** 0.068**
(0.030) (0.031) (0.031) (0.031) (0.031)
FEXPRT —0.063** —0.052%* —0.052%* —0.051** —0.053**
(0.025) (0.022) (0.022) (0.022) (0.022)
ENRGINFL 0.029*** 0.032%** 0.032%** 0.032%** 0.031%**
(0.007) (0.007) (0.007) (0.007) (0.008)
ENRGPRD —0.006 —0.010* —0.010* —0.010* —0.010*
(0.005) (0.006) (0.006) (0.006) (0.006)
Pseudo R? 0.108 0.102 0.102 0.096 0.102
Log likelihood —82500.0 —86900.0 —86900.0 —86200.0 —86000.0
Country FE Yes Yes Yes Yes Yes
Sector FE Yes Yes Yes Yes Yes
N 125567 126154 126154 125009 124732

Notes. The table presents the impact of climate laws on firms energy constraint after applying alternative sensitivity tests, with control variables accounting for
economic and technological factors. The data spans from 2006 to 2022, and the estimation employs a probit model that incorporates fixed effects. Standard errors are
indicated in parentheses and are clustered by country. Model (1) employs an alternative metric of firms' energy constraint based on a wider differentiation of responses
(ENRGACC1). Model (2) utilizes an alternative metric of climate laws based on the number of years since mandatory ESG disclosure is established (CLIMLAW2). Model
(3) employs an alternative metric of climate laws based on the number of years since voluntary ESG disclosure is encouraged (CLIMLAW3). Model (4) adopts a distinct
sample framework that omits the country whose firms experience the lowest energy constraint, namely Sweden. Model (5) operates with an alternative sample
structure that that omits the country with the longest implementation of climate laws, namely Poland.

*p < 0.1, **p < 0.05, ***p < 0.01.

showing that mandatory ESG frameworks, independently from climate
law provisions, also help alleviate firms' energy constraints. This test is
important as it demonstrates that regulatory mechanisms promoting
transparency and sustainability positively affect firms' energy access.

In Model (3), ‘voluntary’ ESG disclosure, again from Krueger et al.
[92], is used as an alternative climate regulation measure (CLIMLAW3).
The coefficient for CLIMLAW3 remains negative and significant
(—0.097, p < 0.01), suggesting that even voluntary ESG practices can
create conditions favorable for firms' energy access, likely by encour-
aging firms to adopt energy-efficient behaviors that reduce dependency
on traditional energy sources.

Model (4) excludes Sweden, the country whose firms experience the
highest energy access, to determine if outliers impact the results. The
CLIMLAW coefficient is still negative and significant (—0.123, p < 0.01),
indicating that the main findings are not driven by countries with un-
usually high energy access. Finally, Model (5) excludes Poland, which
has the longest history of climate law implementation, to assess the
impact of countries with extensive regulatory experience and to contain
large spender bias [93]. The coefficient for CLIMLAW remains negative
and significant (—0.121, p < 0.01), affirming the robustness of the re-
sults across varying climate regulation histories.

These sensitivity tests are crucial as they confirm that the observed
relationship between climate law implementation duration and
improved energy access for firms holds across different definitions of
variables, country exclusions, and regulatory contexts. This robustness
reinforces the conclusion that mature climate laws positively impact
firms' energy security, supporting the hypothesis that regulatory conti-
nuity contributes to more stable energy environments.
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6.2. Additional controls

The regression estimates in Table 8 evaluate the robustness of the
effect of climate laws on firms’ energy access by adding various groups
of additional control variables to account for energy, technological, and
economic conditions, each addressing potential omitted variable biases
that could influence the baseline results.

Model (1) incorporates additional controls to capture the impact of
specific energy conditions, including the share of electricity generated
from fossil fuels (ENRFOS), sourced from the Energy Institute (https://
www.energyinst.org), and the quality of electricity supply (ENRQUL),
using data from the World Economic Forum. Energy infrastructure
quality and reliance on fossil fuel-based electricity generation signifi-
cantly affect energy access, particularly in developing countries [94].
The coefficient for Climate Law Implementation Duration (CLIMLAW)
remains negative and significant (—0.257, p < 0.01), confirming that
mature climate laws reduce the likelihood of firms experiencing energy
constraints, independent of energy infrastructure specifics. Additionally,
ENRFOS shows a negative and significant coefficient (—0.005, p < 0.05),
indicating that higher reliance on fossil fuels decreases energy con-
straints, while ENRQUL exhibits a significant negative coefficient
(—0.198, p < 0.01), demonstrating that better electricity supply quality
mitigates energy constraints. These results highlight that while mature
climate laws independently enhance energy access, strategic energy
production choices and investments in superior energy infrastructure
further improve energy stability for firms.

In Model (2), we assess the influence of a country's technological
environment on energy access by incorporating technological factors
such as the availability of the latest technologies (TECHAVL), and
sourced from the World Economic Forum, and the Digital Adoption
Index (DIGITAD), sourced from the World Bank database. The
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Table 8
Additional controls.
Variable (€D)] (2) 3)
CLIMLAW —0.257%** —0.212%** —0.007***
(0.091) (0.020) (0.001)
FAGE —0.082%** —0.089 —0.051
(0.021) (0.061) (0.049)
FSIZE 0.048*** 0.050** 0.039
(0.014) (0.020) (0.031)
FOWNPR 0.001* 0.001%*** —0.001
(0.001) (0.001) (0.001)
FSALES —0.001** —0.001%** —0.001
(0.001) (0.001) (0.001)
FINFORC 0.077** 0.051 0.152*
(0.032) (0.069) (0.086)
FEXPRT —0.057%** —0.056 —0.099**
(0.022) (0.040) (0.046)
ENRGINFL 0.019%* —0.482%** 0.030%**
(0.008) (0.010) (0.006)
ENRGPRD —0.006 —0.618%** 0.317%**
(0.006) (0.160) (0.007)
ENRFOS —0.005*
(0.003)
ENRQUL —0.198%**
(0.045)
TECHAVL 2.225%**
(0.033)
DIGITAD —0.239%**
(0.902)
ENRGIMP —0.040%**
(0.001)
ENVHLT —0.009%**
(0.001)
Pseudo R> 0.106 0.103 0.088
Log likelihood —85000.0 —25400.0 —12600.0
Country FE Yes Yes Yes
Sector FE Yes Yes Yes
N 123351 36654 18454

Notes. The table presents the impact of climate laws on firms energy constraint
after adding new control variables. The data spans from 2006 to 2022, and the
estimation employs a probit model that incorporates fixed effects. Standard er-
rors are indicated in parentheses and are clustered by country. Model (1) in-
troduces adjustments to account for the effect of energy conditions (ENRFOS,
ENRQUL). Model (2) introduces adjustments to account for the effect of tech-
nological conditions (TECHAVL, DIGITAD). Model (3) introduces adjustments to
account for the effect of economic and environmental conditions (ENRGIMP,
ENVHLT).

*p < 0.1, **p < 0.05, ***p < 0.01.

coefficient for Climate Law Implementation Duration (CLIMLAW) re-
mains negative and significant (—0.212, p < 0.01), confirming that the
beneficial impact of mature climate laws on energy access persists even
when accounting for technological readiness and digital integration
[68]. Among the new controls, TECHAVL displays a positive and sig-
nificant coefficient (2.225, p < 0.01), suggesting that greater availability
of advanced technology increases energy constraints. This seemingly
counterintuitive result aligns with Kajikawa et al. [95], who argue that
integrating innovative technologies can initially heighten energy de-
mands and create infrastructure challenges, exacerbating energy con-
straints in the short term. Conversely, DIGITAD has a negative and
significant coefficient (—0.073, p < 0.05), indicating that higher digital
adoption reduces energy constraints. This finding is consistent with
Voumik et al. [96], who emphasize the role of digital technologies in
improving energy efficiency, thereby mitigating overall energy con-
straints. Together, these results underscore the independent role of
climate laws in enhancing energy access, with technological advance-
ments further amplifying this positive effect.

In Model (3), we introduce energy and environmental controls to
further examine their impact on energy access. These include the value
of energy imports as a percentage of total energy use (ENRGIMP),
sourced from the World Development Indicators, and the Environmental
Health Index (ENVHLT) from Yale's Environmental Performance Index
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database. The coefficient for CLIMLAW remains negative and significant
(—0.007, p < 0.01), demonstrating a persistent, albeit smaller, effect of
climate law maturity in reducing energy constraints even after ac-
counting for economic and environmental factors. ENRGIMP shows a
negative and significant effect (—0.040, p < 0.05), suggesting that
higher availability of imported energy decreases the likelihood of energy
constraints [97]. In contrast, ENVHLT has a negative and significant
effect (—0.049, p < 0.05), indicating that better environmental health
conditions reduce energy access [98]. These findings reaffirm the role of
climate laws in easing energy constraints while underscoring the
importance of economic resilience and environmental quality in
ensuring stable energy access for firms.

These additional controls validate the robustness of our primary
findings, emphasizing that the observed effects of climate law imple-
mentation duration on firms’ energy access are not solely due to specific
conditions in energy, technology, or broader economic factors. The re-
sults reinforce the evidence that climate law maturity plays an inde-
pendent role in easing energy constraints, supporting the research
hypothesis that regulatory stability through climate policies facilitates a
more accessible energy environment for firms across developing
countries.

6.3. Dominance analysis

Leveraging Luchman's [99] recent methodology for conducting
dominance analysis, we evaluate the relative importance of each re-
gressor in predicting energy constraint. Drawing on the Shapley value
decomposition from game theory, this approach examines the collective
fit statistic to assess the individual contributions of each independent
variable [100]. Dominance analysis serves as a valuable tool to pinpoint
the most influential predictors and enhance our understanding of their
collective impact on energy access of firms. The analysis is conducted for
the entire sample, as well as separately for distinct groups of countries,
in line with recent empirical studies [101].

Table 9 presents the results, illustrating the relative importance of
each variable in explaining firms' energy access and offering a nuanced
understanding of the relative predictive power of climate laws and
control variables. In Model (1), which considers all countries, the
dominance statistic for CLIMLAW is rather small at 0.0037. This in-
dicates a meaningful but smaller relative contribution of climate laws to
explaining firms' energy constraints, within the context of other more
influential factors such as energy price inflation (0.0104) and less
influential ones such as informal competition (0.0021). The moderate fit

Table 9

Dominance analysis.
Variable (¢)) 2) 3)
CLIMLAW 0.0037 0.0013 0.0110
FAGE 0.0013 0.0012 0.0019
FSIZE 0.0011 0.0012 0.0011
FOWNPR 0.0011 0.0011 0.0011
FSALES 0.0011 0.0011 0.0014
FINFORC 0.0021 0.0026 0.0015
FEXPRT 0.0012 0.0016 0.0011
ENRGINFL 0.0104 0.0059 0.0146
ENRGPRD 0.0019 0.0011 0.0025
Fit-stat 0.018 0.010 0.030
N 126154 68773 57381

Notes. The table displays the outcomes of dominance analysis, examining the
influence of each individual regressor on firms' energy constraint. The dataset
covers the period from 2006 to 2022, and the estimation utilizes a Shapley value
decomposition method to evaluate the contributions of each independent vari-
able to the overall predictive performance. Model (1) illustrates the primary
impact of each baseline regressor within the entire dataset. Model (2) showcases
the dominant influence of all regressors within the subset of relatively more
developed countries. Model (3) showcases the dominant influence of all re-
gressors within the subset of relatively less developed countries.
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Table 10
Moderation effects — capability contingencies.
[¢)) (2) 3
CLIMLAW —0.114%** —0.124%** —0.068***
(0.022) (0.021) (0.021)
CLIMLAW x MANGEXP —0.010%**
(0.001)
CLIMLAW x EXLISTED —0.015**
(0.002)
CLIMLAW x FINACC 0.029%**
(0.003)
FAGE —0.040 —0.049** —0.038*
(0.026) (0.024) (0.022)
FSIZE 0.045%** 0.049%** 0.050%**
(0.013) (0.012) (0.012)
FOWNPR 0.001%* 0.001* 0.001
(0.001) (0.001) (0.001)
FSALES —0.001* —0.001* —0.001*
(0.001) (0.001) (0.001)
FINFORC 0.074** 0.068** 0.041
(0.031) (0.031) (0.031)
FEXPRT —0.051** —0.053** —0.043*
(0.022) (0.022) (0.022)
ENRGINFL 0.031%** 0.032%** 0.030%**
(0.008) (0.008) (0.007)
ENRGPRD —0.010* —0.010* —0.009
(0.006) (0.006) (0.006)
Pseudo R? 0.103 0.102 0.120
Log likelihood —86600.0 —86900.0 —86900.0
Country FE Yes Yes Yes
Sector FE Yes Yes Yes
N 125675 126154 126154

Notes. The table shows the effects of climate laws on firms' energy constraint
while accounting for the impact of moderating factors and their interactive ef-
fects. The dataset covers the period 2006 to 2022, and the estimation utilizes a
probit model with fixed effects. Standard errors are presented in parentheses and
are clustered by country. Model (1) reveals the additional climate law-mediated
impact of the firm's top manager experience (MANGEXP). Model (2) shows the
added climate law-mediated effect of whether the firm is publicly listed on an
exchange (EXLISTED). Model (3) shows the additional climate law-mediated
influence of the firm's financing constraints (FINACC).

*p < 0.1, **p < 0.05, ***p < 0.01.

statistic (0.018) suggests that while CLIMLAW is significant, its influ-
ence is part of a broader interplay of factors shaping energy access.

Model (2) focuses on relatively more advanced developing countries,
classified by median GDP per capita. Here, the dominance statistic for
CLIMLAW decreases to 0.0013, reflecting a smaller relative role for
climate laws in explaining energy access constraints in these contexts.
Instead, energy price inflation (0.0059) and informal competition
(0.0026) exhibit greater dominance, suggesting that energy costs and
market competition are more significant barriers to energy access in
these economies. The lower fit statistic (0.010) implies that other,
potentially omitted, factors may play a more substantial role in
explaining energy access in relatively developed contexts, where base-
line infrastructure is stronger, and regulatory interventions may have
less pronounced effects.

Model (3) examines relatively less advanced developing countries,
where CLIMLAW exhibits a relatively high dominance statistic (0.0110),
signaling a prominent role for climate laws in these settings. The fit
statistic of 0.030 indicates higher explanatory power, underscoring that
in less developed countries, mature climate laws are critical for
addressing energy constraints. The importance of energy price inflation
(0.0146), which has the highest dominance statistic, further highlights
the dual significance of regulatory maturity and energy price stability in
shaping firm-level energy access. These findings suggest that in less
developed countries, where energy infrastructure is weaker, climate
laws are relatively more effective tools in alleviating energy access
issues.

In summary, the dominance analysis reveals that the relative
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importance of climate laws in influencing energy access varies across
contexts. While climate laws play a meaningful role universally, their
impact is strongest in less developed countries, where regulatory
frameworks can significantly enhance weak energy infrastructure.
Conversely, in more advanced developing countries, energy costs and
competitive dynamics overshadow the influence of climate law matu-
rity, reflecting the differing priorities and challenges across develop-
ment contexts.

7. Moderation analysis: capability contingencies

We examine whether the association between climate-law maturity
(CLIMLAW) and firm energy constraints varies with firm capabilities
and financing conditions. Using probit models with interaction terms
CLIMLAW x Z for three moderators: top-manager experience (MAN-
GEXP), public-listing status (EXLISTED), and financing constraints
(FINACC). We report interaction effects (average cross-partials) with
country-clustered standard errors (Table 10). In all specifications, the
main effect of CLIMLAW remains negative and statistically significant
(e.g., —0.114 to —0.124 to —0.068), indicating that longer-standing
climate laws are associated with fewer firm-reported energy con-
straints, a pattern consistent with evidence that climate legislation
supports energy security [40]. We focus on the cross-partial estimates
and their significance [83].

Model (1) shows that CLIMLAW x MANGEXP is negative and sig-
nificant (—0.010, p < 0.05). Firms led by more experienced top man-
agers benefit more from regulatory maturity, plausibly because
seasoned leaders navigate permitting, contracting, and incentive re-
gimes more effectively, and are better at prioritizing investments in ef-
ficiency, procurement, and resilience under persistent rules [14]. The
result is consistent with a capability-contingent reading of institutional
effects: when credible policies endure, managerial human capital im-
proves a firm's ability to translate those policies into tangible access
gains.

Model (2) indicates that CLIMLAW x EXLISTED is negative and
significant (—0.015, p < 0.05). Listed firms appear to extract greater
reliability gains from mature climate laws, likely due to easier capital
access, stronger disclosure/compliance systems, and earlier uptake of
energy-management and clean-procurement practices (e.g., PPAs), all of
which lower exposure to outages and price spikes [39,102]. When the
policy signal is stable, financial market access and governance discipline
help firms act on it faster and at larger scale.

Model (3) finds CLIMLAW x FINACC positive and significant
(+0.029, p < 0.01), implying that financing frictions erode the benefits
of legal maturity. Constrained firms struggle to fund retrofits, storage, or
long-term renewable procurement, so the reliability dividends of stable
policy do not fully materialize for them [67]. This asymmetry empha-
sizes that policy credibility is necessary but not sufficient: access to
finance remains a binding complement for converting legal rules into
reliability.

Across models, CLIMLAW is associated with fewer energy con-
straints, but who benefits most depends on firm capabilities: experi-
enced management and public listing amplify the association, while
financing constraints dampen it. These moderation patterns align with
our baseline results and suggest that pairing legal continuity with tar-
geted finance and capability support (e.g., concessional credit, guaran-
tees, EMS investments) can broaden the reliability gains from mature
climate laws.

8. Discussion

This study examines whether the maturity of national climate-law
regimes, measured as years since the first qualifying climate law, re-
lates to firms' reported energy constraints across 125 mostly developing
countries over 2006-2022, and whether this relationship varies by firm
capabilities and country energy conditions (H1-H3). The results provide
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consistent micro-level evidence that policy continuity is associated with
improved firm energy access, while also showing that the benefits are
conditional: they are shaped by firms’ capabilities and by country-level
price and infrastructure environments.

The baseline estimates support H1. Climate-law maturity (CLIM-
LAW) is negative and statistically significant in the preferred fixed-
effects specification, indicating that longer-standing climate-law re-
gimes coincide with a lower probability that firms report energy con-
straints. This result is consistent with the climate-governance literature
that emphasizes credible commitment and durability as central to
translating legislation into investment and system change [37,38,65]. It
also extends prior empirical work that mostly links climate laws and
policy frameworks to macro-outcomes (e.g., investment and energy se-
curity) by demonstrating a relationship with a directly operational,
firm-level constraint [39-41]. In the same baseline models, energy price
inflation is strongly positive, while renewable energy production is
negative and marginally significant, reinforcing the interpretation that
institutional maturity is not operating in isolation: macro energy
affordability and system composition matter for what firms actually
experience.

The heterogeneity results clarify how this association maps into firm
behavior and capabilities, supporting H2. Interaction models indicate
that the beneficial association between CLIMLAW and energy con-
straints is stronger for firms with greater operational and market ca-
pacity: older firms (CLIMLAW x FAGE), higher-performing firms
(CLIMLAW x FSALES), and exporters (CLIMLAW x FEXPRT). This is
consistent with the broader view that firms translate regulatory signals
into operational outcomes when they have the routines, resources, and
incentives to invest in efficiency, procurement, and resilience [29,34,
42]. The capability-contingency models sharpen this conclusion: firms
with more experienced management and publicly listed firms benefit
more from climate-law maturity, whereas firms facing financing con-
straints benefit less. These patterns align closely with evidence that
managerial capacity and governance facilitate adoption of ener-
gy/environmental practices, while financing frictions constrain the
ability to invest—even when the policy environment improves [44,50,
67]. A key implication is distributional: climate-law maturity may
reduce constraints on average, but the gains are not automatically
broad-based unless financing and capability gaps are addressed.

Several baseline firm-level correlates also merit interpretation,
including two that may appear counterintuitive and therefore require
explicit explanation. First, firm size is positively associated with energy
constraints. While SME-focused accounts often expect smaller firms to
be more constrained, in weak-grid environments larger firms can be
more exposed because their production is more energy intensive and
interruption costs are higher; they may also be more likely to classify
energy as a binding obstacle given higher continuity requirements.
Second, private ownership share is positively associated with constraints
in the preferred baseline model. This pattern is consistent with an
allocation and political-economy interpretation in systems where state
participation may confer preferential access or priority during rationing
or connection processes, whereas fully private firms face more market
exposure in fragile networks. Finally, informal competition is associated
with higher constraints, which is consistent with the idea that compet-
itive pressure compresses margins and reduces the scope for reliability-
enhancing investments in constrained settings [11]. These results
collectively reinforce that firm-level constraints reflect both capability
and exposure/allocation mechanisms.

The evidence remains robust across multiple identification and
sensitivity exercises, supporting H3 as a conditional proposition rather
than a universal one. Endogeneity checks show that the negative
CLIMLAW relationship persists using IV (2SLS) and CMP approaches
with EDI as an instrument and is corroborated by propensity score
matching. At the same time, the Oster diagnostic yields & large enough,
indicating that omitted variables could attenuate the estimate under that
framework; accordingly, the strongest defensible claim is that results are
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consistent with a causal pathway, but causal language should remain
appropriately conservative given the observational design. Sensitivity
tests confirm stability using an ordinal energy-constraint outcome,
alternative regulation proxies, and influential-country exclusions.
Extended-control models show that CLIMLAW remains negative across
specifications, while the signs and magnitudes of some contextual var-
iables vary in reduced samples, consistent with the energy-systems lit-
erature's emphasis that reliability gains from transition depend on
integration readiness and infrastructure conditions rather than renew-
ables alone [52-54]. Dominance analysis further shows that energy
price inflation is the most influential predictor overall, while the relative
importance of CLIMLAW rises in less developed country subsamples,
indicating that institutional maturity may matter most where baseline
constraints are more severe.

Three deductions follow. First, the results point to a “law-continuity”
channel: sustained climate-law regimes are associated with fewer firm
energy constraints, suggesting that durable governance frameworks can
generate operational co-benefits alongside environmental objectives.
Second, institutional maturity appears to work best when paired with
enabling energy-system conditions, especially price stability and grid
quality, so that legal signals translate into physical reliability. Third, the
benefits are capability-contingent: financing constraints blunt the gains,
implying a need for complementary instruments (targeted credit, gua-
rantees, support for energy management and clean procurement) so that
constrained firms can convert regulatory maturity into reliability im-
provements. These deductions connect directly to the study's contribu-
tion: by linking climate-law maturity to firm-level constraints, the paper
advances the discussion beyond what is already known from macro
policy outcomes and from firm constraint studies that do not explicitly
incorporate climate-law regimes.

Finally, the results also define a focused agenda for future research.
The maturity measure (CLIMLAW) captures duration but not law
strength or enforcement, and ENRGACC is survey-based; future studies
could incorporate enforcement intensity and objective outage/quality
metrics, and exploit staggered legal changes or enforcement shocks for
sharper causal identification. These extensions would further clarify the
mechanisms through which climate governance translates into firm-
level energy access and the conditions under which these benefits
become inclusive.

9. Conclusions

Our empirical evidence shows that climate-law maturity is consis-
tently associated with fewer firm-reported energy constraints across 125
countries over 2006-2022. This association is robust to alternative
definitions of the dependent variable, alternative policy proxies
(mandatory and voluntary ESG disclosure regimes), influential-country
exclusions, and a battery of endogeneity checks. The results also reveal
meaningful heterogeneity: older, financially stronger, and export-
oriented firms appear better positioned to translate regulatory matu-
rity into improved energy access, while larger firms and firms facing
informal competition remain more exposed to energy constraints.
Capability contingencies are salient: the benefits of regulatory maturity
are amplified when firms are led by more experienced top managers and
when they are publicly listed, but they are significantly weakened when
firms face financing constraints. At the country level, the findings un-
derscore complementarity between institutions and energy-system fun-
damentals, particularly renewable production capacity and energy price
stability, suggesting that regulatory maturity is most consequential
when the broader system environment supports reliability and afford-
ability. Taken together, these patterns position climate-law maturity as a
meaningful institutional determinant of firm energy access, rather than
solely an environmental policy lever.

This study advances theory in three primary ways. First, it isolates
regulatory maturity as a distinct dimension of institutional quality, a
law-continuity premium, through which persistent climate-law regimes
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can strengthen credible commitment and progressively align incentives
on both the demand side (efficiency investments, disclosure, and cleaner
procurement/contracting) and the supply side (clean capacity additions,
grid upgrades, storage, and demand response), thereby easing firm-level
energy constraints over time. Second, the evidence integrates institu-
tional and resource-dependence perspectives by showing that the access
benefits of persistent rules are capability-contingent: firms with stronger
governance and managerial capacity, and those with better capital-
market access, are more able to convert policy signals into tangible
reliability gains, while financing frictions prevent many firms from
capturing the institutional dividend. Third, the study addresses an
explicit gap in the energy access literature by moving beyond
infrastructure-only and macro correlates of access and treating climate
laws as a form of institutional infrastructure that accumulates; critically,
duration and continuity, rather than the mere presence of legislation,
matter. These contributions yield a tractable framework linking law
maturity — investment and compliance responses — energy-system
reliability — firm energy access, with testable heterogeneity by firm
resources and national energy conditions.

For policymakers and regulators, the findings imply that improving
firm energy access requires both institutional continuity and system
enablers. First, governments should preserve and deepen continuity
around core instruments (e.g., standards, carbon pricing, renewable
portfolio standards, and certificate markets) to reduce policy risk and
crowd in long-horizon private investment. Second, climate-law maturity
should be paired with energy-system complements, renewables inte-
gration, grid modernization, storage, and demand response, so that
regulatory signals translate into physical reliability rather than
remaining aspirational. Third, policy design should explicitly target
capability and finance gaps: concessional lending, guarantees, and tax
measures aimed at SMEs and financially constrained firms can enable
adoption of energy management systems, retrofits, and distributed re-
newables, widening the access gains from regulatory maturity. Fourth,
given the outsized role of energy price dynamics in shaping constraints,
regulators should prioritize mechanisms that reduce price volatility and
uncertainty (e.g., competitive procurement, transparent tariff design,
and carefully sequenced subsidy reform). Finally, credibility depends on
implementation: institutionalizing disclosure, monitoring, and enforce-
ment capacity is essential so that the benefits of legal continuity are not
diluted by weak compliance.

For managers, the results imply that regulatory durability creates a
predictable environment in which firms can justify longer-horizon reli-
ability investments and contracting. Practical steps include developing
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energy-risk playbooks that combine long-term PPAs (or virtual PPAs),
on-site generation, and storage; investing in energy management sys-
tems, metering, and process optimization to reduce peak loads and
outage exposure; strengthening regulatory-navigation and sustainable-
finance capabilities (e.g., green loans/bonds, blended finance) to
exploit incentives; and hardening supply chains against upstream energy
shocks through diversification and supplier engagement on renewables
and efficiency. In capability-rich firms, these actions help convert policy
continuity into measurable reliability and cost predictability at the plant
level; for constrained firms, external finance and targeted support
become decisive.

Four directions appear most promising. First, future work should
exploit quasi-experimental variation, staggered adoptions, legal
thresholds, enforcement shocks, and event-study designs, to sharpen
causal inference and trace dynamic effects as regimes mature. Second,
researchers should move beyond duration alone by indexing law quality,
scope, and enforcement intensity, and by merging firm surveys with
objective, high-frequency reliability, and price data (including geo-
spatial proxies such as nighttime lights or grid-quality indicators) to
observe constraints more directly. Third, the financing channel warrants
deeper investigation, particularly why efficiency and resilience in-
vestments do not always relax capital constraints, and how this shapes
the distribution of access gains across firm size, location, and sec-
tor—including energy justice outcomes. Fourth, it is important to test
robustness under extreme weather events, energy crises, and commodity
price spikes, and to examine interactions with trade policy, subsidy re-
form, and digitalization. Extending the analysis to advanced economies
and to more granular settings (e.g., industrial parks and export zones)
would further clarify generalizability and boundary conditions of the
law-continuity premium.
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Code Definition

Source

ENRGACC
0 otherwise.

Binary indicator (firm-level): 1 if the firm reports an energy-related constraint in the survey year;

World Bank Enterprise Surveys (WBES)

CLIMLAW Years since first climate law (country-year): elapsed years from the first climate-related law's entry into force  Li et al. [73]; ECOLEX; Grantham Research Institute;
to the survey year. NewClimate Institute
FAGE Natural log of firm age (firm-level): log(years since establishment). WBES
FSIZE Categorical firm size (firm-level): 1 = Small, 2 = Medium, 3 = Large (WBES size bands based on employee = WBES
count).
FOWNPR Private ownership share (firm-level): percentage (%) of equity privately owned. WBES
FSALES Natural log of total sales (firm-level). WBES
FEXPRT Binary indicator (firm-level): 1 if exports exceed 50 % of output; O otherwise. WBES
FINFORC Binary indicator (firm-level): 1 if the firm faces competition from informal (unregistered) firms; 0 otherwise. WBES
MANGEXP Top manager experience (firm-level): years of experience of the top manager. WBES
EXLISTED Binary indicator (firm-level): 1 if the firm is publicly listed; O otherwise. WBES
FINACC Binary indicator (firm-level): 1 if the firm reports being financially constrained; O otherwise. WBES
ENRGINFL Energy price inflation (country-year): annual % change in energy prices. IMF World Economic Outlook
ENRGPRD Renewable energy production share (country-year): % of total energy produced from renewable sources. World Development Indicators (WDI)
ENRFOS Fossil-fuel electricity share (country-year): % of total electricity generation from fossil fuels. Energy Institute
ENRQUL Quality of electricity supply index (country-year); higher values indicate better quality/reliability. World Economic Forum (WEF)
TECHAVL Availability of latest technologies index (country-year); higher values indicate greater availability. WEF

(continued on next page)
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(continued)

Code Definition Source

DIGITAD Digital Adoption Index (country-level): country-level digital technology adoption; higher values indicate World Bank
greater adoption.

ENRGIMP Energy imports (country-year): energy imports as % of total energy use. WDI

ENVHLT Environmental Health Index (country-level): component of Yale's Environmental Performance Index; higher ~ Yale EPI
values indicate better environmental health.

EDI Environmental Democracy Index (country-level): composite of access to information, public participation, =~ World Resources Institute; The Access Initiative
and access to justice in environmental matters.

ENRGACC1  Ordinal energy-constraint severity (firm-level): WBES-based 0-4 scale, where higher values indicate more WBES
severe constraints.

CLIMLAW2 Years since mandatory ESG disclosure (country-year): elapsed years since adoption of mandatory ESG Krueger et al. [92]
reporting.

CLIMLAW3  Years since voluntary ESG disclosure (country-year): elapsed years since introduction/encouragement of Krueger et al. [92]

voluntary ESG reporting.

Data availability

Data will be made available on request.
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