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1. Introduction

Energy policy in hydrocarbon-dependent economies operating under international sanctions is
characterized by persistent structural constraints rather than by freely chosen policy strategies. In such
contexts, reliance on fossil fuel revenues, restricted access to advanced technologies, and fragmented
governance structures interact in ways that limit the scope for diversification and technological
upgrading. Iran represents a salient case of this condition. Despite possessing extensive oil and gas
reserves and articulated policy ambitions for energy diversification, its energy sector continues to
experience recurrent supply shortages, high fiscal exposure to hydrocarbons, limited technological
localization, and institutional coordination problems. Existing studies on Iran’s energy policy and
other sanctioned economies typically examine these challenges in isolation, focusing separately on
resource dependence, technological constraints, governance fragmentation, or the effects of sanctions.
This fragmented analytical approach obscures how these dimensions interact and mutually reinforce
one another. As a result, policy debates often oscillate between resource-centered and technology-
centered narratives without explaining why transitions remain difficult despite repeated reforms. This
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study addresses this gap by introducing the DLOCK-S Framework (Dual Lock-In under Sanctions),
which conceptualizes energy-sector vulnerability as the outcome of interacting constraints across three
dimensions: (i) resource intensity, reflecting fiscal and macroeconomic dependence on hydrocarbons;
(i) technological dependency, capturing reliance on imported equipment and services under sanctions;
and (iii) institutional network structure, describing the coordination capacity of energy governance
systems. Sanctions are treated not as an exogenous shock but as a conditioning force that amplifies
existing structural lock-ins. The paper applies this framework empirically to Iran to explain the
persistence of energy-sector fragility and to identify leverage points for policy assessment.

2. Methodology

The study employs a mixed-methods research design combining quantitative, network-based, and
qualitative approaches. Three theoretical perspectives inform the analytical structure: political
economy of resource dependence, technological lock-in within multi-level transition theory, and
adaptive governance theory. These perspectives are operationalized through measurable indicators
within the DLOCK-S Framework. Quantitatively, three core indicators are constructed. The Resource
Intensity Index (RIl) measures fiscal and macroeconomic exposure to fossil resources using data on
proven reserves, GDP, budgetary dependence on oil revenues, global oil prices, and a normalized
sanctions coefficient. The Technological Dependency Coefficient (TDC) captures reliance on
imported energy technologies, adjusted for sanctions-related restrictions and domestic absorptive
capacity; for reporting purposes, it is normalized to a 0-1 scale. The Institutional Network Structure
(INA) is assessed through social network analysis of 14 key energy-sector institutions, using metrics
such as network density, degree centrality, and Quadratic Assignment Procedure (QAP) correlations.
Panel econometric analysis is conducted on project-level data covering 30 energy projects over 2016—
2023. The regression specification includes RII, sanctions severity, and their interaction to test
whether sanctions condition the relationship between resource intensity and technological dependency.
Qualitative data are collected through semi-structured interviews with senior experts and
policymakers, complemented by document analysis of development plans, regulatory decisions, and
sectoral reports. A Policy Assessment Matrix (PAM) integrates quantitative and qualitative findings to
evaluate policy options under localized weighting criteria.

3. Results

Empirical results reveal high structural exposure across all three dimensions of the DLOCK-S
Framework. Iran’s RII equals 8.3 out of 10, reflecting strong dependence on hydrocarbon revenues,
including approximately 42% budgetary reliance on oil, combined with a high sanctions coefficient
(0.85). The TDC averages 0.87, indicating substantial technological dependency, with roughly 80% of
key energy equipment imported and limited domestic absorptive capacity (0.4). Institutional network
analysis shows low coordination density (0.23) and high concentration of authority, with the National
Iranian Oil Company (NIOC) exhibiting very high centrality (0.92), creating coordination bottlenecks.
Panel regression results demonstrate statistically significant relationships between the key variables.
Sanctions and resource intensity both exhibit significant associations with the measured technological
dependency indicator, and the interaction term is strongly significant. Importantly, the negative
coefficients are interpreted in light of TDC’s construction: reductions in measured dependency under
sanctions likely reflect import compression and forced substitution, rather than improvements in
domestic technological capability. The interaction effect indicates that sanctions condition the
resource—technology relationship more strongly in high-RII contexts, consistent with the dual lock-in
hypothesis. Hypothesis testing confirms three patterns: (i) the marginal effect of sanctions on
technological dependency becomes stronger as resource intensity increases; (ii) high institutional
centrality is associated with reduced innovation-policy effectiveness, though with variation across
institutions; and (iii) increased investment in hybrid technologies is associated with lower measured
vulnerability under sanctions. Sensitivity and robustness checks support the stability of these findings.
Scenario analyses suggest that improving institutional coordination, reducing fiscal exposure to
hydrocarbons, and strengthening absorptive capacity are key leverage points for reducing
vulnerability.
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4. Conclusion

This study demonstrates that Iran’s energy-sector challenges under sanctions cannot be explained by
isolated resource, technology, or governance factors. Instead, they arise from a dual lock-in dynamic
in which fossil-based fiscal dependence and technology—institutional rigidity reinforces one another
under external pressure. Sanctions do not merely restrict access to markets and technologies; they
amplify pre-existing structural constraints and limit the effectiveness of conventional policy
interventions. The DLOCK-S Framework contributes analytically by operationalizing these
interactions through measurable indicators and by treating sanctions as a conditioning variable rather
than an external disturbance. Empirically, the findings show that high resource intensity magnifies
sanction effects, institutional over-centralization weakens innovation outcomes, and targeted
investments in hybrid technologies can mitigate, but not fully overcome, structural vulnerability.
While the analysis is specific to Iran and constrained by data availability, the framework is
transferable to other hydrocarbon-dependent economies facing external pressures. Future research can
extend the framework through cross-country comparisons, higher-frequency sanctions data, and
computational scenario modeling. Overall, the study provides an evidence-based foundation for
assessing energy policy constraints in sanctioned economies and for designing more resilient policy
pathways under persistent external constraints.
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