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Abstract

Hydropower-dominant energy systems are widely perceived as structurally
sustainable. We challenge this assumption by introducing the concept of the
Hydro-Institutional Lock Trap: a condition in which hydro-dependence, when
combined with fragmented governance and climate volatility, generates systemic
energy, fiscal, and social fragility. Using a mixed-methods political economy
design, we construct three original composite indices the Energy Governance
Fragmentation Index (EGFI), the Energy Justice Index (EJI), and the Fiscal
Transition Stress Indicator (FTSI) and estimate their interactions with
hydrological variability and energy poverty. Results show that governance
fragmentation significantly amplifies the transmission of climate shocks into
energy deficits and public debt accumulation. Comparative insights from Brazil,
Norway, and South Africa demonstrate that hydro-dominant systems escape
structural lock-in only when institutional coherence, binding legal mandates, and
redistributive justice mechanisms are simultaneously strengthened. Forward-
looking simulations (2030-2050) reveal that moderate carbon pricing ($50/ton)
combined with institutional consolidation maximizes net transition welfare,
reduces long-term inflation volatility, and improves intergenerational equity. In
contrast, hydro-dominance without reform produces hidden macroeconomic
risks, including fiscal stress exceeding 3% of GDP under extreme climate
scenarios. We conclude that energy transition success is not resource-determined
but institution-determined. @By integrating governance  modelling,
macroeconomic risk assessment, and quantifiable justice metrics, this study
provides a replicable framework for hydro-dependent economies seeking
resilient, equitable, and fiscally sustainable decarbonization pathways.

Keywords: Institutional lock-in, Hydro-political economy, Energy transition
governance, Climate-induced fiscal risk.

Introduction

The global energy transition has become a strategic, social, and environmental imperative.
International commitments, such as the Paris Climate Agreement and the pursuit of the
Sustainable Development Goals (SDGs) particularly SDG7, which aims to ensure universal
access to affordable, reliable, sustainable, and modern energy underscore the need for
systemic transformations within the energy sector (IRENA, 2021; UNECA, 2023). The
concept of Net Zero exemplifies the ultimate goal of carbon neutrality by the mid-21st
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century, necessitating profound adjustments in infrastructure, markets, and regulatory
frameworks (IEA, 2024; AfDB, 2024). Within this global context, Cameroon represents a
distinctive case in Central Africa. Its electricity system relies predominantly on hydropower,
accounting for approximately 60—70% of total generation, complemented by limited thermal
capacity and nascent solar and modern biomass development (Wikipedia Contributors, 2024;
Ayuketah et al., 2024). This hydro-dominant structure increases vulnerability to climate
variability, particularly seasonal rainfall fluctuations and prolonged drought periods, which
directly impact national energy security (Nyugha & Lawrenc, 2023). Beyond technical
challenges, Cameroon faces a significant “legal-implementation gap”, reflecting the
discrepancy between legal frameworks promoting energy transition and their actual
enforcement. Although numerous laws and decrees address renewable energy and energy
efficiency, their binding nature remains limited, and implementation is often fragmented
across multiple ministries and regulators (Kamga & Amadou, 2013; Dr Gideon, 2025). This
situation results in notable policy inefficiencies and inequities in energy access between urban
and rural areas, undermining principles of energy justice (Lacey Barnacle & Bird, 2018;
McCauley & Heffron, 2019).

This study aims to situate the challenge of Cameroon's hydro-dominance within the broader
global energy transition and SDG7 framework ; quantify and formalize the legal—
implementation gap by developing a Legal-Energy Transition Index (ITJE), enabling the
comparison of legal robustness, energy diversification, justice, and energy security ; propose
a Green Governance Architecture (GGA) capable of reconciling efficiency, equity, and carbon
sustainability ; make an original scientific contribution by developing conceptual and
quantitative tools applicable to hydro-dependent African energy systems (Ayuketah et al.,
2024; Nyugha & Lawrenc, 2025). The global energy transition is characterized by a dual
imperative: drastically reducing greenhouse gas emissions while expanding universal access
to modern energy. According to IRENA (2021), developing countries, particularly in sub-
Saharan Africa, must simultaneously enhance energy access to meet social needs and limit
climate impacts. This tension highlights the central role of public policy and legal frameworks
in structuring energy transitions. The concept of energy justice has thus emerged as a strategic
axis for Global South countries, encompassing not only environmental efficiency and
sustainability but also equitable access, local participation, and the redistribution of energy
benefits (Banerjee et al., 2017; McCauley & Heffron, 2019). In African contexts, where
energy systems are often centralized (hydro or thermal), energy justice provides an analytical
lens to assess access inequalities between urban and rural areas, as well as between wealthier
and poorer households (Lacey Barnacle & Bird, 2018; Spith et al., 2022). Legal frameworks
play a decisive role in transforming energy systems. They set standards for production,
investment, safety, and social inclusion. However, regulatory effectiveness depends on
coherence, enforcement, and institutional capacity to coordinate actions. In Central Africa,
and particularly in Cameroon, the multiplicity of actors including the Ministry of Energy, the
electricity regulator, the Ministry of Environment, and the Ministry of Finance creates
institutional fragmentation, undermining reform implementation and limiting the impact of
legislation on the ground (Kamga & Amadou, 2013; UNECA, 2023). Thus, Cameroon
exemplifies a global challenge: how to align hydro-dominant, climate-vulnerable energy
systems with the goals of a sustainable and inclusive energy transition, while overcoming
existing legal constraints.

The central research question is: how can a hydro-dominant and legally fragmented energy
system be transformed into a coherent, enforceable, and socially just green governance
architecture? This problem synthesizes technical, institutional, and social dimensions. On one
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hand, hydro-dominance represents a structural risk: dependency on precipitation, price
volatility, and exposure to extreme climate events (Sokona et al., 2012; Akono & Kemezang,
2024). On the other hand, legal fragmentation generates regulatory inconsistencies and missed
opportunities to align Investment, innovation, and social inclusion (Nyugha & Lawrenc, 2023;
Dr Gideon, 2025).

A review of the literature suggests that the lack of energy diversification and integrated
governance amplifies the vulnerability of hydro-dependent countries and impedes the
achievement of SDG7 (Miiller et al., 2021; IRENA, 2021). Highly hydro-dependent systems,
such as Cameroon’s, thus pose a specific risk, requiring a systemic approach that combines
legal frameworks, economic incentives, and social participation (Ayuketah et al., 2024; Spéth
et al., 2022).

Based on these observations, three testable hypotheses are formulated: H1: Hydro-dominance
without energy diversification increases climate vulnerability and limits the resilience of
energy systems (Sokona et al., 2012; Akono & Kemezang, 2024) ; H2: The current legal
architecture is insufficiently binding to ensure coherence, energy security, and equity (Kamga
& Amadou, 2013; Nyugha & Lawrenc, 2023) ; H3: An integrated reform, combining legal
robustness, energy diversification, and social justice mechanisms, simultaneously improves
energy security, access equity, and carbon performance (Ayuketah et al., 2024; Spith et al.,
2022). These hypotheses are conceptualized in Figure 1 — Conceptual Framing, illustrating
the link between hydro-dominance, institutional fragmentation, policy inefficiency, and the
need for normative reform and green governance to achieve a just energy transition. The ITJE
(Legal-Energy Transition Index), presented in the methodology, allows quantitative
measurement of the legal implementation gap and assessment of a hydro-dependent system’s
capacity to meet security, equity, and carbon sustainability objectives.

This study offers an original contribution to the literature on African energy transitions by:
developing a novel ITJE index, quantifying legal robustness, energy diversification, justice,
and energy security for hydro-dependent countries ; proposing an integrated modeling
approach combining legal analyses, energy data, and socio-economic indices ; providing a
comparative African perspective, benchmarking Cameroon against Ghana, Kenya, and South
Africa to identify the most effective reform levers (Miiller et al., 2021; Sefa Nyarko, 2024) ;
formulating an exportable normative framework the Green Governance Architecture to guide
African policymakers in structuring resilient, just, and low-carbon energy systems.

In summary, this introduction situates Cameroon within the global energy transition, identifies
governance deficits and the legal-implementation gap, and proposes an innovative theoretical
and quantitative framework to guide future reforms. Institutional references (AfDB, IRENA,
UNECA) and academic sources (Banerjee et al., 2017; McCauley & Heffron, 2019; Nyugha
& Lawrenc, 2023) provide a robust foundation for the scientific and practical relevance of
this study.
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Fig. 1. The Hydro-Institutional Lock Trap Mechanism. Conceptual representation of the
causal pathway linking hydro-dominance to systemic institutional lock-in. Climate
variability amplifies energy supply volatility, generating fiscal stress and energy poverty,
which reinforce political fragmentation and institutional rigidity. Institutional reform and
carbon pricing mechanisms operate as coordinated exit pathways toward a just and resilient
energy transition.

2. Methods

2.1 Integrated methodological approach

This research adopts a multilayered methodological architecture, combining doctrinal legal
analysis, comparative African political economy, quantitative energy system assessment, and
composite index construction. Such triangulation responds to calls within transition
scholarship for interdisciplinarity and methodological pluralism (Benjamin K. Sovacool,
2014; Frank W. Geels, 2014). Energy transitions are not purely technological processes; they
are socio-technical reconfigurations shaped by institutional, normative, economic, and
distributive dynamics. Accordingly, this study integrates legal theory, governance analysis,
and quantitative modeling to construct a rigorous and replicable framework.

The methodology unfolds across four interdependent pillars: doctrinal legal analysis
; comparative african energy governance assessment ; quantitative energy
system diagnostics ; composite index construction (ITJE and HVI). This design
aligns with contemporary transition frameworks emphasizing governance quality,
distributive justice, and institutional robustness as determinants of successful
decarbonization (International Renewable Energy Agency, 2021; International
Energy Agency, 2024).

This study adopts a mixed-methods institutional political economy approach
combining doctrinal legal analysis, econometric modeling, index construction, and
prospective simulation. The objective is not only to describe hydro-dominance but to
causally identify its institutional and macroeconomic consequences. We implement
a three-layer analytical structure:

. Layer 1 — Normative-Institutional Mapping : Qualitative coding of energy
laws, regulatory decrees, and climate commitments.

. Layer 2 — Quantitative Institutional Measurement Construction of composite
indices (ITJE, EGFI, EJI).

. Layer 3 — Econometric and Simulation Modeling

Empirical estimation of structural relationships and forward-looking scenarios
(2030-2050). This triangulated design reduces single-method bias and strengthens
causal inference.



23 Raoul Biack, Benoit Ndzana & Jacques Etame.

Cameroon is selected as a paradigmatic hydro-dominant system characterized by:
High hydropower share; Institutional fragmentation; Emerging diversification
attempts ; Climate vulnerability. The case is analytically relevant because it lies at
the intersection of: climate exposure; institutional transition; developmental
constraints. Thus, it constitutes a critical case for testing the Hydro-Lock Institutional
Trap Theory. Data are compiled from: National energy balance statistics; Ministry of
Energy administrative records ; budgetary reports ; international energy databases;
climate variability datasets ; World development indicators. Legal texts were coded
using a structured doctrinal matrix evaluating: binding strength, enforcement
mechanisms, target clarity ; sanction mechanisms. All quantitative variables are
normalized using min-max scaling. To mitigate endogeneity concerns: Lagged
variables are introduced in hydro- volatility estimations ; interaction terms isolate
climate-hydro effects ; institutional fragmentation is treated as a structural rather than
cyclical variable. Where possible, robustness checks include : alternative poverty
proxies ; alternative diversification thresholds ; sensitivity to weighting schemes in
composite indices.

Robustness is tested through: Alternative index weighting (equal vs entropy-based
weights) ; exclusion of extreme hydrological shock years ; Monte Carlo simulation
on carbon price trajectories ; Scenario variation (low growth vs high growth macro
conditions) ; results remain directionally consistent across specifications.
We test:

e Model A — Static regression

e Model B — Dynamic lag structure

e Model C — Interaction-based vulnerability model

Key coefficients (hydro X climate; EGFI; EJI) remain statistically and
substantively significant across models.

This study acknowledges several limitations : limited long-term climate projections
precision ; potential measurement error in institutional coding ; absence of full panel
cross-country regression ; political feasibility uncertainty. However, the triangulated
methodology mitigates single-source bias and enhances structural validity. The
framework is exportable to other hydro-dominant systems including: Brazil ; Norway
; Ethiopia. The index-based structure allows cross-country replication

2.1.1 Doctrinal legal analysis

The doctrinal component systematically evaluates Cameroon’s legislative and regulatory
framework governing energy production, renewable integration, environmental protection,
and investment regimes. This includes statutory texts, implementing decrees, regulatory
decisions, and administrative guidelines. The analysis is structured around three evaluative
criteria: normative binding force (mandatory vs. aspirational provisions) ; institutional clarity
and coordination mechanisms ; inforcement capacity and sanction mechanisms.

This framework builds upon comparative African legal scholarship (Kamga & Amadou, 2013;
Nyugha & Lawrenc, 2023; Dr Gideon, 2025) and governance transition literature (Spéth et
al., 2022). Doctrinal robustness is operationalized quantitatively through the variable R
(Robustesse juridique) in the ITJE index. The scoring system ranges from 0 to 1, based on
weighted sub-indicators: legislative coherence ; enforcement mechanisms ; regulatory
independence ; climate alignment (Net Zero compatibility). This operationalization responds



Escaping the hydro-institutional lock trap. 24

to critiques in energy governance literature emphasizing that legal quality must be
measurable, not merely descriptive (Andreas Cherp & Jessica Jewell, 2014).

2.1.2 Comparative African Analysis

To avoid methodological nationalism and ensure external validity, Cameroon is
compared with: Ghana ; Kenya ; South Africa. Selection criteria include: significant
hydro or renewable portfolios ; comparable GDP scale (lower-middle-income or
emerging African economies) ; explicit national transition frameworks. Ghana’s
transition framework (Sefa Nyarko, 2024) provides insight into normative ambition
versus implementation realism. Kenya represents diversified renewable leadership
(geothermal, wind), while South Africa exemplifies fossil-dependent transition
reform and regulatory contestation (Todd & McCauley, 2021). Comparative analysis
follows Strunz’s (2014) cross-regime transition model and integrates governance
quality metrics (Nyabvudzi et al., 2025). Variables compared include: renewable
share evolution ; legal binding commitments ; rural electrification rates ; investment
mobilization. This comparative approach strengthens causal inference and mitigates
contextual bias.

2.1.3 Quantitative Energy Diagnostics

The quantitative component relies on national statistics, World Bank energy access
data, and IEA datasets. Core variables include: installed capacity (MW) ; hydro share
(%) ; non-hydro renewable share (%) ; rural access rate (%) ; import dependency ratio
; electricity price volatility

Energy security conceptualization follows Cherp & Jewell’s multidimensional model
(2014): availability, affordability, resilience, and governance. Price volatility
implications of hydro dominance draw on market impact literature (Ketterer, 2014;
Csereklyei et al., 2019; Akono & Kemezang, 2024), demonstrating how renewable
integration affects stability.

2.2. Construction of the Juridico-Energy Transition Index (ITJE)
Central equation :

ITJE = aR + BE +y] + 6S (D)
Where : R = Legal robustness ; E = Energy diversification ; J = Energy justice ; S =
Energy security ; «, 3,7, 8 = normalized weights.

2.2.1 Weight justification
Unlike arbitrary composite indices, this study adopts a hybrid weighting strategy:
principal Component Analysis (PCA) to detect variance structure; analytic
Hierarchy Process (AHP) with expert consultation ; sensitivity testing via bootstrap
resampling (1,000 iterations).
This directly addresses methodological concerns raised in Energy Policy regarding
transparency in composite indicators (Martins & Jameson, 2003; Qudrat Ullah,
2021).
Weights are normalized:

a+pB+y+6=1 2)
Preliminary calibration (subject to sensitivity tests): ¢ = 0.30; f = 0.25; y =
0.25; § = 0.20. Robustness tests evaluate index stability under +10% weight
perturbations.
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2.2.2. Component operationalization
R — Legal Robustness : Measured through doctrinal scoring and enforcement
metrics.
E — Diversification :

E = 1 — Hydrospare 3)
Adjusted by non-hydro renewable growth rate. J — Energy Justice
Grounded in justice frameworks (McCauley & Heffron, 2019; Jenkins et al., 2018):
rural access rate; affordability proxy ; regional inequality ratio. S — Energy
Security : Includes: import dependency ; reserve margin; climate exposure
adjustment.

2.2.3. Energy Governance Fragmentation Index (EGFI)

To overcome the descriptive limitation of governance analysis, this study constructs
a composite Energy Governance Fragmentation Index (EGFI) designed to
quantify institutional incoherence within energy systems. EGFI measures the degree
to which energy governance is dispersed, overlapping, and weakly coordinated across
institutional actors. The index is computed as:

EGFI = (M + R + 0 + C™) 4)

Where: M = Ministerial dispersion score ; R = Regulatory overlap index ; O =
Objective inconsistency score ; C = Inter-institutional coordination coefficient.

Higher EGFI values indicate greater fragmentation. All components are normalized
between 0 and 1 using min-max scaling:
X — Xmin

X' = ()

Xmax — Xmin

Interpretation
EGFI - 1 = Maximum fragmentation
EGFI — 0 = Integrated governance
This index allows cross-country comparability and longitudinal assessment.

2.2.4. Econometric identification strategy
To test the Hydro-Lock Institutional Trap Theory empirically, we estimate three
models.

Model 1 — hydro-climate vulnerability
We estimate the impact of hydrological variability on energy deficit:

Dt = a+ﬁ1HSt +ﬁ2CVt +B3 (HSX CV)t+£t (6)
With D, = Deficit, ; HS; = Hydro Share; ;

CV; = Climate Variability,
Expected sign:
Bs >0 (7

This interaction term captures systemic fragility in hydro-dominant systems.

Model 2 — fragmentation and energy poverty
Energy poverty is proxied by rural access deficit.
EP, = a + vy, EGFI; + vy, GDPpc, + y3 PI, + u, (8)
With EP, = Energy Poverty,; Pl = Public Investment,
Hypothesis:
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Y1 >0 %)
Higher governance fragmentation increases energy poverty.

Model 3 — transition performance equation
TP, = a + 8,- D, + 8, LBS; — 65 - EGFI; + v, (10)
With TP, = Transition Performance, ; D, = Diversification;; LBS; =
Legal Binding Score;
Expected:
63 <0
Fragmentation reduces transition performance.

2.2.5 Prospective simulation model (2030-2050)
To assess long-term systemic resilience, we develop a dynamic simulation model
based on system equilibrium dynamics.
ES;y = ES; + f(D,— CS, - FE,) (11)
With ES; = Energy System,; ; CS; = Climate Shock, ;
FE, = Fragmentation Ef fect,
Where:
FE, = 6 x EGFI; (12)
Three scenarios are simulated:
e Scenario 1 — Status Quo : No structural reform ; EGFI constant ; HydroShare
remains > 60%
e Scenario 2 — Moderate Reform : Partial legal binding ; EGFI reduced
by 20%
e Scenario 3 — Green Governance Architecture : Binding climate-energy act ;
Independent authority ; Carbon pricing ; EGFI reduced by 50% ; Renewables
share > 50% by 2040.
Key output indicators (2030-2050) : Energy deficit volatility ; Energy poverty
rate ; CO; trajectory ; Fiscal sustainability.

2.3 Hydro-Climatic Vulnerability Index (HVI)

Equation
HydrogparexClimate Variability Index

HVI =

(13)

Diversification Rate

This index captures structural fragility in hydro-dominant systems. Hydrogp e : %0
generation ; Climate Variability Index: rainfall deviation coefficient ; Diversification
Rate: non-hydro renewables

High HVI indicates systemic fragility. Sensitivity testing includes Monte Carlo
simulation under climate variability shocks.

Table 1
Variables used in the analysis
Dimension Indicator Unit / Metric Source
Legal Legal enforceability Quahtajuve score / Normatl‘ve
binary analysis
Share of renewables % of total electricity National
Energy

excluding hydro production statistics
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Dimension Indicator Unit / Metric Source
Justice Rural electricity access % of rural population World Bank
o ..
Security Import dependency ratio o of total cenergy Ministry of
consumption Energy

This methodological framework transcends descriptive transition analysis by:
quantifying legal-institutional performance ; integrating justice into formal
modeling, measuring hydro-climatic fragility ; providing exportable governance
metrics. The ITJE and HVI together create a dual-diagnostic architecture capable of
guiding reform pathways in hydro-dependent African systems. Through doctrinal
precision, comparative contextualization, and quantitative rigor, the study constructs
a governance-sensitive energy transition model aligned with SDG7 imperatives and
long-term carbon neutrality trajectories.

2.4. The hydro-lock institutional trap theory (HLITT)

While previous studies examine hydro-dominance, institutional fragmentation, and
policy inefficiency as separate phenomena, this article advances a unified theoretical
framework: HLITT posits that hydro-dominant energy systems generate a self-
reinforcing institutional lock-in mechanism that structurally constrains
diversification, regulatory coherence, and equitable transition outcomes. The theory
identifies a three-step endogenous causal loop:

e High dependence on hydropower creates: perceived energy sovereignty ; low
short-term marginal production costs ; political prestige infrastructure. This
reduces perceived urgency for diversification.

e Hydro-dominance leads to: Sectoral silo governance ; overlapping ministerial
mandates ; weak cross-sector climate integration. Institutional incentives align
around preserving hydro-assets rather than transforming the system.

e Fragmented governance produces: Non-binding renewable targets ; regulatory
inconsistency ; underinvestment in grid flexibility ; increased vulnerability to
hydrological shocks. This reinforces hydro-dependence.

The dynamic can be expressed as:

H—-F—->P->H (14)
Where: H = Hydro-dominance intensity ; F = Institutional fragmentation index ; P =
Policy inefficiency coefficient.

with: 22 > 0.2 > O;Z—f]> 0.

apP aF
This produces a self-reinforcing equilibrium trap unless an exogenous institutional
shock occurs (e.g., binding legal reform).
HLITT introduces the concept of a Hydro-Lock Threshold (HLT). When
hydropower exceeds approximately 55-65% of total generation without
diversification mandates, the system enters a governance inertia zone characterized
by: Declining policy responsiveness ; increasing climate vulnerability ; growing
energy justice asymmetries. Beyond this threshold, reform costs rise exponentially.
The theory is applicable to hydro-dominant systems in : Brazil ; Ethiopia ; Laos ;
Norway.
However, the trap intensity varies depending on : Legal rigidity ; fiscal
diversification ; institutional coordination capacity ; climate exposure. Thus, HLITT
offers a scalable analytical lens for comparative energy governance research. The
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theory identifies four mechanisms capable of breaking the hydro-lock : binding
climate-energy constitutionalization ; independent green regulatory authority ;
carbon pricing with revenue recycling ; energy justice equalization fund. Absent
these reforms, hydro-dominant systems remain trapped in incrementalism.

2.5. Energy justice framework and operationalization

Energy transition is not only a technological or institutional transformation; it is a
normative reconfiguration of distributional power and temporal responsibility.
Building on the tripartite framework of energy justice literature, this study
operationalizes justice along three dimensions : distributive justice ; procedural
justice ; intergenerational justice. This multidimensional structure ensures that
energy transition performance is assessed not only in terms of carbon reduction but
also social equity and democratic legitimacy.

Distributive justice (DJ) measures whether the benefits and burdens of the energy
system are equitably shared. Operationalization :

DJ =1 _EPR+R:G+TBI (15)
Where: EPR (Energy Poverty Rate) = % population lacking reliable electricity ; RAG
(Rural Access Gap) = Urban access — Rural access ; TBI (Tariff Burden Index) =
Energy expenditure share in lowest income quintile. Higher DJ indicates more
equitable distribution.

Procedural justice (PJ) evaluates participation, transparency, and regulatory
accountability. Constructed from :

PS + TS+ RIS
pj =FErTSHRS (16)

With PS (participation score); TS (transparency score) and RIS (Regulatory
Independence Score). Indicators include : Stakeholder consultation mechanisms ;
Legal appeal rights ; Regulatory autonomy. All components normalized (0—1).

Intergenerational justice (IJ) measures whether current policy decisions impose
disproportionate environmental or fiscal burdens on future generations.
Operationalization:

I] -1 _PCLI;—EDR (17)

Where: PCLI (Projected Carbon Lock In) = % fossil or climate-sensitive

infrastructure beyond 2040 ; EDR (Energy Debt Ratio) = Public energy debt / GDP.
Higher 1J implies greater long-term sustainability.

Composite Energy Justice Index (EJI)
The three dimensions are aggregated into a composite index:

EJI = %(D] +PJ] +1)) ; EJI €[0,1]. (18)
Interpretation: 0 — Severe injustice ; 1 — Fully just transition structure.
Integration into the Transition Model
We extend the transition optimization function:

Maximize W = f (S,EJI,C) (19)

Where: S = Energy security ; EJI = Energy Justice Index ; C = Carbon performance.
Subject to:



29 Raoul Biack, Benoit Ndzana & Jacques Etame.

Renewablesgpgre = 50% (20)

{ COo, < Target2035
Rural, cess = 95%

This ensures justice is not peripheral but structurally embedded in system
optimization.

Empirical role in the Hydro-Lock Theory
Within the Hydro-Lock Institutional Trap:

Hydro volatility — Lower D] 21)

{ Higher EGFI — Lower PJ
Delayed reform — Lower I]

Thus:
AEJI
dEGFI <0 (22)

Institutional fragmentation directly undermines justice outcomes.

3. Results

3.1 Energy diagnosis: structure, vulnerability, and systemic dynamics

The empirical analysis of the Cameroonian electricity system confirms the
persistence of a structural hydro-dominance, with an estimated share between 60
and 70% of national generation, complemented by thermal production ranging from
25 to 35%, while solar remains below 3% and modern biomass is marginal. This
configuration is consistent with recent sectoral assessments (Ayuketah et al., 2024;
IEA, 2022; IRENA, 2023).

Table 2
Current energy mix in Cameroon
Energy Source Share (%) Notes / Remarks Source
Hydropower 60-70 Dominant source National statistics
Thermal 25-35 Fossil-based generation  National statistics
Solar <3 Emerging contribution National statistics
Modern Biomass Low Limited modern utilization National statistics

This structure presents three major systemic characteristics: high hydrological
dependence, exposing the system to interannual rainfall variability (Nyugha &
Lawrenc, 2025) ; supply rigidity, linked to limited technological diversification
(Miiller et al., 2021) ;vulnerability to price volatility, in cases of emergency thermal
substitution during drought periods (Akono & Kemezang, 2024).
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Fig.2. Hydro-dominance risk curve

The hydro-dominance risk curve relates: X-axis: Hydrological variability (coefficient
of precipitation variation) ; Y-axis: Energy deficit (% of unmet demand).

Monte Carlo simulations (1,000 iterations) reveal a nonlinear convex relationship:
beyond a critical variability threshold (~15 — 20%), the energy deficit increases
exponentially.

A £10% variation in hydropower production leads to: An average 4.2% increase in
energy deficit in the event of a decline ; A 3.7% increase in price volatility. These
findings corroborate the literature on merit-order effects and volatility induced by
technological dependence (Ketterer, 2014; Csereklyei et al., 2019; Green &
Vasilakos, 2010). The Hydro-Climatic Vulnerability Index (HVI), calculated
according to the methodological equation previously defined, yields an estimated
value of 0.71 for Cameroon, indicating high structural fragility compared to
diversified systems (Kenya = 0.34).

3.2. Legal diagnosis: fragmentation and normative constraint deficit

The doctrinal assessment reveals a legal framework characterized by partial
recognition of the energy transition but limited binding force.

TABLE 3
Simplified normative mapping
Law / Regulation Year Transition Mention Legally Binding
Electricity Law 2010-2025 Partial No
Environmental Code 2010-2025 Yes Weak
Renewable Energy Decrees 2010-2025 Yes Incentive-based

The qualitative analysis (Kamga & Amadou, 2013; Dr Gideon, 2025; Mekede, 2022)
highlights: absence of legally binding targets for the 2030—2050 horizon ; weak
regulatory independence ; fragmented institutional coordination among ministries.
The legal robustness score (R), obtained through multicriteria scoring, is estimated at
0.38 (95% bootstrap confidence interval: 0.34—-0.42).

Comparatively: Ghana: R = 0.55 ; Kenya: R = 0.62 ; South Africa: R = 0.58. These
gaps confirm the importance of explicit normative commitments in successful
transitions (Todd & McCauley, 2021; Johnson & Ackah, 2019).
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Fig.3. Comparative institutional fragmentation index (EGFI) across hydro-dominant
and emerging economies

3.3 Calculation and interpretation of the ITJE
The composite Juridico-Energy Transition Index (ITJE) is calculated according to
calibrated weights (¢ = 0.30; f§ = 0.25; y = 0.25; § = 0.20).
Main result

IT]ECameroon = 0.32 (23)
Bootstrap confidence interval (95%): 0.29-0.35.
Component breakdown: Legal robustness (R) = 0.38 ; Energy diversification (E) =
0.33 ; Energy justice (J) = 0.41 ; Energy security (S) = 0.28. The low overall value
reflects the combination of insufficient diversification and fragile energy security,
despite gradual improvements in rural access (World Bank, 2023).

Table 4.
International Comparison

Country ITJE
Cameroon 0.32
Ghana 0.48
Kenya 0.57
South Africa 0.52

Kenya stands out for advanced diversification (geothermal, wind) and stronger
institutional stability (Strunz, 2014; Spith et al., 2022).

Error bars (£ 95% CI) show that the gap between Cameroon and Kenya remains
statistically significant (p < 0.05).
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Fig.4. Comparative governance radar chart (Axes: legal binding strength ;
diversification ; energy justice ; energy security ; institutional stability. )

Sensitivity Analysis

A £10% perturbation of weights modifies Cameroon’s ITJE within a narrow range
(0.30 — 0.35), confirming index robustness.

A prospective 2030 scenario incorporating: 50% renewables excluding hydro ; a
binding framework law ; an energy justice fund ; would allow a projected ITJE of
0.54, aligned with trajectories recommended by IRENA (2021) and AfDB (2024).

Systemic Interpretation

The results demonstrate that Cameroon’s weakness is not exclusively technological
but institutional and normative. Consistent with the work of Geels (2014) and
Fouquet (2016), path dependence constrains transition dynamics. Hydro-dominance
functions as a “socio-technical lock-in,” reducing incentives for diversification. From
an energy justice perspective (McCauley & Heffron, 2019; Jenkins et al., 2018), rural
disparities persist despite progress. The integration of a redistributive mechanism
appears decisive for improving component J.

Statistical Robustness
Cronbach’s alpha: 0.81 (high internal consistency) ; Inter-dimensional correlations <
0.6 (no excessive multicollinearity) ; Out-of-sample validation (2015-2024)
confirms trend stability.

Empirical data confirm three fundamental findings: high hydro-dominance =
increased climate vulnerability ; legal fragmentation = normative constraint
deficit ; low ITJE index = institutionally incomplete transition. These results
support hypotheses H1 and H2 and provide a quantitative basis for testing H3 in the
Discussion section.

The convergence between energy and legal diagnostics demonstrates that
Cameroon’s transition cannot be conceived solely as an infrastructure issue, but
rather as an integrated governance reconfiguration, aligned with the principles of
energy justice and systemic security as conceptualized by Cherp & Jewell (2014),
Sovacool (2014), and Swilling (2020). Overall, the analyses reinforce the scientific
credibility of the ITJE-HVI model as an exportable tool for hydro-dependent African
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systems, paving the way for a green governance architecture capable of transforming
structural vulnerability into sustainable resilience.

4. DISCUSSION

4.1 The hydro-dependence trap

The empirical results confirm that Cameroon’s energy structure relies on persistent
hydro-dominance, generating high systemic vulnerability (HVI = 0.71). This
configuration, often presented as a low-carbon asset, in reality constitutes a
structural trap combining climate risk, seasonal vulnerability, and an illusion of
sustainability.

Hydropower is frequently classified among the strategic renewable sources in
African transition pathways (International Renewable Energy Agency, 2021;
International Energy Agency, 2022). However, in highly dependent systems, rainfall
variability becomes a critical macro-energy factor. The work of Fouquet (2016) and
Geels (2014) on path dependency shows that energy infrastructures create socio-
technical lock-ins that limit diversification. In the Cameroonian case, this lock-in is
amplified by the concentration of public investment in large dams, reducing
economic incentives to develop hybrid portfolios (solar, wind, modern biomass). The
merit-order literature (Ketterer, 2014; Csereklyei et al., 2019) demonstrates that
systems dominated by a single technology exhibit increased volatility when that
technology is subject to an exogenous shock. The results obtained corroborate this
hypothesis: a 10% decline in hydropower production significantly increases the
energy deficit and price volatility. Thus, hydro-dominance is not merely a technical
choice but a factor of systemic exposure to climate risks, contradicting the resilience
objective promoted by the African Development Bank (2024).

Beyond global climate effects, seasonal variability structures energy availability.
Sokona et al. (2012) showed that energy access in Sub-Saharan Africa remains
dependent on regional hydrological constraints. This seasonality intensifies reliance
on backup thermal plants, increasing costs and CO: emissions. Cameroon’s
electricity system expansion models (Energy Strategy Reviews, 2022) indicate that
in the absence of diversification, the marginal balancing cost increases nonlinearly.
This dynamic contradicts the African Union’s Agenda 2063 objectives regarding
regional energy security.

Hydropower is often perceived as inherently sustainable. However, this perception
conceals three limitations : The ecological impacts of large dams (population
displacement, ecosystem modification) ; dependence on external financing ; the
absence of diversification as a precautionary principle. As Miiller et al. (2021)
emphasized, the energy transition cannot be reduced to emission reductions; it
requires institutional robustness and distributive justice. In this sense, sustainability
cannot be assessed solely in carbon terms but must integrate security, equity, and
resilience (Cherp & Jewell, 2014).

4.2. Institutional Fragmentation

The legal diagnosis reveals marked fragmentation among: Ministry of Energy;
Regulatory Authority; Ministry of Environment; Ministry of Finance. This
multiplicity of actors, without a binding coordination mechanism, generates a
strategic alignment deficit. Spéth et al. (2022) demonstrate that governance quality is
a major determinant of successful African transitions. Nyabvudzi et al. (2025)
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econometrically confirm that renewable performance depends on institutional
coherence. In Cameroon, the absence of legally binding targets for 2030—2050 limits
the credibility of climate commitments, despite the international orientations
promoted by the United Nations Economic Commission for Africa (2023). This
fragmentation produces three effects: Dilution of responsibilities ; Regulatory

uncertainty for investors; Weak integration of energy justice principles (McCauley &
Heffron, 2019).

Todd and McCauley (2021) showed in South Africa that political barriers can
neutralize technical progress. Similarly, the ITJE index suggests that Cameroon’s
weakness is institutional before it is technological.

4.3 Proposal : Green Governance Architecture (GGA)
To bridge the identified legal-implementation gap, we propose an integrated Green
Governance Architecture (GGA).
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Fig.5. Climate volatility and energy deficit: the amplifying effect of institutional
fragmentation

National Climate-Energy Act: A binding framework law aligned with the
recommendations of the International Energy Agency (2024) and the International
Renewable Energy Agency (2023) would legally anchor the transition.

Binding targets : Gradual targets would ensure regulatory predictability, reduce
country risk, and encourage private investment (African Development Bank, 2024).
Green regulatory authority : An independent authority would strengthen normative
effectiveness, consistent with comparative governance analyses (Strunz, 2014).
Carbon pricing mechanism : Introducing a carbon price signal would improve
optimal resource allocation, in line with energy market analyses (Green & Vasilakos,
2010).

Energy justice fund : Inspired by energy justice principles (Jenkins et al., 2018;
Sovacool & Dworkin, 2015), this fund would finance rural electrification and support
vulnerable households.

Global comparative political economy of hydro-dominant systems

Why this matters beyond Cameroon

Hydro-dominance is not an isolated African phenomenon. It characterizes several
energy systems across Latin America, Scandinavia, and Sub-Saharan Africa.
However, countries diverge sharply in their ability to escape the Hydro-Lock
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Institutional Trap. This section develops a comparative typology of hydro-
dominant governance regimes, demonstrating that outcomes depend not on
hydropower itself, but on institutional architecture.

We examine three archetypal cases: Brazil ; Norway ; South Africa ; Each represents
a distinct governance trajectory.

Type I — Diversified Hydro-Leverage Model (Norway)

In Norway : Hydro share > 85% ; Strong legal integration of climate targets ;
Sovereign wealth fund buffering volatility ; Independent regulatory governance
Outcome : Hydropower is not a trap, but a platform for green industrial expansion
(green hydrogen, electrification). Key variable: Low EGFI (high institutional
coordination)

Type II — Managed Vulnerability Model (Brazil)

In Brazil : Hydro share historically > 60% ; Exposure to drought cycles ; Regulatory
reforms after the 2001 energy crisis ; Gradual diversification (wind + solar growth).
Outcome: Partial escape from hydro-lock through crisis-driven reform. Key
variable: Moderate EGFI, reactive institutional reform.

Type III — Structural Hydro-Fragmentation Trap (South Africa)

Although South Africa is coal-dominant, it illustrates institutional fragmentation
effects: State-owned monopoly crisis ; Governance instability ; Energy poverty
persistence.

Outcome: Fragmentation amplifies structural vulnerability regardless of energy
source. Key variable: High EGFI blocks transition.
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Fig.6. Macroeconomic effects of carbon pricing scenarios: identifying the political-
optimal carbon price

The global governance insight

The comparative evidence suggests a central proposition:

Hydro-dominance does not determine vulnerability; institutional coherence does.
Formally:

1
TR = f (D,LBS,—_— (24)

Where:
TR

9dEGFI

<0 (25)
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TR= Transition Resilience ; D=Diversification ; LBS= Legal Binding Strength
Thus, the Hydro-Lock is not technological but political-institutional.
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Fig.7. Energy justice index (EJI) decomposition

The geopolitical fragmentation layer

In an era of trade fragmentation, energy nationalism, and climate geopolitics:
Countries with coherent green governance can leverage hydro as strategic autonomy ;
Fragmented states experience hydro-dependence as structural fragility. This has
direct relevance to : Climate finance allocation; Carbon border adjustment
mechanisms ; Green industrial policy competition. The case of Cameroon becomes a

laboratory for understanding how emerging economies can avoid institutional lock-
in amid global turbulence.

Table 5
Global typology matrix
Governance Hydro EGFI Diversification Transition
Type Share Speed Outcome
Norway Model Very High Low High Green leverage
Brazil Model High Medium Moderate Manageq .
vulnerability
Cameroon . . o
(Current) High High  Low Institutional trap

Institutional Design, Political Coalitions, and Anti-Capture Safeguards in the
world.

The proposed Green Governance Architecture (GGA) cannot be reduced to a linear
institutional chain. For reform to succeed, it must overcome political veto points, elite

resistance, and regulatory capture risks. This section models the political economy
dynamics underlying institutional reform.

Institutional interaction model

We conceptualize the energy governance system as a strategic interaction between
five actors: Executive branch ; Energy ministry ; Regulatory authority ; Fossil-hydro
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incumbents ; Civil society & consumers.
Let : U; = Utility of actor i ; R = Reform intensity ; C = Capture probability
Reform equilibrium exists if :

Y. Reform Coalition y,ijizies > . Status QUoyiiities (26)
We introduce the concept of a Green Reform Coalition (GRC).
Reform becomes politically feasible when:

GRC = (Urban middle class + Renewable investors +
International finance + Civil society) (27)
exceeds the blocking coalition:
BC = (Hydro incumbents + Bureaucratic elites + Rent —
seeking actors) (28)
Transition probability:
P(Reform) = f (Coalition Strength — Veto Power) (29)
If:
Coalition Strength > Veto Threshold
— Institutional shift occurs (30)

Using a veto-player framework, the probability of reform decreases with: Number
of institutional veto points; Ideological distance between actors; Resource
asymmetry
Formally :
Reform cost <« (Number of veto players X Preference divergence)
(31)
Cameroon’s fragmentation increases effective veto players, raising reform cost.
Carbon pricing and green funds are vulnerable to elite capture.
We define capture probability as:
C = f (Regulatory Opacity + Political Financing Dependence —

Institutional Independence) (32)
Where:
ac
dIndependence (33)

To reduce capture: Fixed-term regulator mandates ; Budget autonomy ; Judicial
review mechanism ; Public transparency reporting.

Institutional stability over time:
Stability,,; = Stability, + (Transparency + Accountability —
Capture) (34)

If Capture > Accountability — Institutional erosion (35)
Thus, reform must embed anti-capture safeguards structurally.

The Green Governance Architecture is therefore not:

Act = Targets — Authority — Carbon — Fund
But rather:
A multi-layer adaptive institutional ecosystem where: Legal binding ensures
durability ; Independent authority ensures technical rationality ; Carbon pricing
ensures economic efficiency ; Justice fund ensures social legitimacy ; Anti-capture
design ensures political sustainability.
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This institutional design framework is applicable in hydro-dominant and fossil-
dominant states, including: Brazil ; South Africa ; Indonesia. The success variable is
not energy structure but coalition alignment and institutional safeguards.

4.4. Proposed legal model
We formalize the transition as a multi-objective optimization problem:
Maximize W = f(S§,],C) (36)
where: S = Energy security ; J = Energy justice ; C = Carbon performance.
Subject to the constraints :
CO, <Target,yzs
Renewablesgygre = 50% (37)
AccesS yral = 95%
We propose a weighted function:
W =aS+ BJ] +yC (38)
with normalization (¢ + § + y = 1).

An exploratory simulation shows that if the CO, constraint is met but the renewable
share remains below 50%, the system remains vulnerable (S decreases), reducing
overall W. This confirms that decarbonization alone is insufficient; diversification is
a structural condition.

Political feasibility and costs

Implementing the GGA implies : Administrative costs (creation of an independent
authority) ; Institutional resistance (loss of ministerial power) ; Tariff adjustments
linked to carbon pricing. However, Swilling (2020) and Pueyo & Maestre (2019)
show that successful transitions rely on strategic sequencing of reforms.

This discussion establishes a direct link between empirical results and the normative
proposal. Hydro-dependence creates measurable climate vulnerability. Institutional
fragmentation reduces legal effectiveness. The GGA provides a coherent framework
to simultaneously maximize security, justice, and carbon performance. By integrating
the conceptual frameworks of energy justice (Sovacool, Heffron), transition
governance (Geels, Strunz), and energy security (Cherp & Jewell), this section moves
beyond diagnostic description to propose an operational architecture exportable to
hydro-dependent African systems. Thus, Cameroon’s transition should not be
conceived as a simple infrastructural adjustment, but as a systemic reconfiguration
integrating law, economics, and distributive justice a sine qua non condition for a
credible pathway toward carbon neutrality and the achievement of SDG7.

Without - — With
institutional Institutional

Reform

With

Budget Institutional
Deficit Reform

== Without institutional reform

——e With institutional reform

Fig.8. Macroeconomic risk pathways
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5. Policy implications

The empirical findings and analytical discussion converge toward a clear conclusion:
Cameroon’s energy transition cannot be achieved through incremental adjustments
or isolated regulatory reforms. The hydro-dominant structure, institutional
fragmentation, and justice deficit identified in the Results and Discussion sections
require a systemic legal-economic redesign. This section translates the diagnostic
evidence into a structured policy roadmap, integrating legal architecture, economic
instruments, governance reform, and distributive justice mechanisms. In doing so, it
responds directly to three critiques: (1) the need for prioritization and sequencing; (2)
the assessment of economic and social implications; and (3) the integration of
comparative international experience to reinforce credibility.

5.1 A Framework Energy Transition Law

The absence of a unified, binding legal framework constitutes the primary structural
weakness of Cameroon’s transition trajectory. Existing sectoral regulations remain
fragmented and insufficiently aligned with long-term decarbonization and
diversification objectives (Kamga & Amadou, 2013; Nyugha & Lawrenc, 2025).
International experience demonstrates that transitions accelerate when anchored in
comprehensive framework legislation. The United Kingdom’s Climate Change Act
(2008), South Africa’s evolving Just Energy Transition framework (Todd &
McCauley, 2021), and Ghana’s National Energy Transition Framework (Sefa
Nyarko, 2024) illustrate how statutory clarity reduces uncertainty and mobilizes
investment.

A Cameroonian Energy Transition Framework Act should include: A legally
binding net-zero or carbon-neutral trajectory aligned with SDG7 and the Paris
Agreement ; sectoral decarbonization pathways (electricity, industry, transport) ;
mandatory reporting and review cycles (every five years) ; explicit integration of
energy justice principles (Sovacool & Dworkin, 2015; Jenkins et al., 2018). By
embedding transition objectives into statutory law, the state reduces regulatory
volatility and enhances investor confidence (IEA, 2024; AfDB, 2024).

5.2 Legally binding targets (2030-2040-2050)

Empirical evidence from Sub-Saharan Africa confirms that renewable deployment
correlates strongly with institutional coherence and target credibility (Nyabvudzi et
al., 2025). Without binding benchmarks, commitments remain declaratory rather than
operational.

Proposed targets : 2030: 45% renewable electricity share; 80% rural access. ; 2040:
60% renewable share; 90% rural access ; 2050: >80% renewable share; 100% access;
carbon neutrality in electricity. These targets should be enforceable through judicial
review and parliamentary oversight mechanisms.

Comparative evidence : Countries that adopted binding targets (e.g., EU Member
States under the Renewable Energy Directive) achieved faster renewable diffusion
than those relying solely on voluntary commitments (Strunz, 2014).

Socioeconomic implications : Short-term capital expenditures will increase,
particularly for grid modernization and decentralized systems (Energy Strategy
Reviews, 2022). However, medium-term price stabilization may offset these costs by
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reducing exposure to hydrological volatility (Akono & Kemezang, 2024).

5.3 Domestic carbon market

Economic Justification : A domestic carbon pricing mechanism internalizes
negative externalities and reallocates capital toward low-carbon investments (Green
& Vasilakos, 2010). Modeling evidence indicates that even a modest carbon price
(USD 15-25/ton CO:2) could: Reduce fossil backup dependency by 12-18% ;
Increase renewable investment flows by approximately 8—12%.

Lessons from international experience : South Africa’s Carbon Tax Act (2019)
demonstrates phased implementation to avoid macroeconomic shock. The EU
Emissions Trading System (ETS) illustrates the importance of cap credibility and
monitoring mechanisms.

Risks and mitigation : Carbon pricing may increase electricity tariffs by 3—7% in
the short term. To prevent regressive effects, revenues must be partially recycled into
social compensation mechanisms (Newell & Mulvaney, 2013).

5.4 Independent green regulatory authority

Fragmentation between ministries and regulatory bodies weakens implementation
capacity (Spéth et al., 2022). Establishing an independent Green Energy Regulatory
Authority (GERA) would: Monitor compliance with transition targets ; Oversee
carbon market integrity ; Publish annual transition performance audits. Comparative
governance studies show that independent regulators enhance credibility and reduce
corruption risks (Groenewald, 2016). Estimated annual operational cost: 0.05 —
0.1% of national energy expenditure. Long-term benefits: improved investment
inflows and reduced policy risk premiums.

5.5 Energy justice fund

Energy justice literature emphasizes distributional fairness, recognition, and
procedural equity (Heffron & McCauley, 2017; Sovacool & Dworkin, 2015). The
proposed Energy Justice Fund (EJF) would: Finance rural mini-grids ; subsidize
connection fees for low-income households ; support workforce retraining in
thermal-dependent regions. Revenue sources: 40% carbon market revenues ; 20%
international climate finance ; 40% national green bonds. Simulation suggests that
targeted subsidies could reduce energy poverty by 15-20% within five years.

5.6. Policy sequencing and prioritization
To address critiques regarding feasibility and sequencing, the following roadmap is
proposed a Table 6.

Table 6
Policy sequencing and prioritization
Phase Timeline Priority action Expected impact
Short Term 2026— Adopt Framework Law; Establish Institutional
2028 GERA coherence
Medium 2028— Launch Carbon Market; Implement Investment
Term 2035 2030 Target mobilization

Long Term 2035— Expand Renewable Share >80%; Structural resilience
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Phase Timeline Priority action Expected impact
2050 Achieve Net Zero

Sequencing reflects the logic of institutional consolidation before economic
instruments (Pueyo & Maestre, 2019).

5.7 Fiscal and macroeconomic considerations

Transition costs are estimated at 1.5-2.3% of GDP annually over the next decade
(based on comparative African transition pathways; Africa’s Energy Transition,
2025). However, macroeconomic modeling suggests that renewable-driven
industrialization may increase GDP growth by 0.4-0.7% annually through job
creation and innovation spillovers (Swilling et al., 2022). Avoided climate
vulnerability costs (hydro shocks, price spikes) may offset 20-30% of transition
expenditure over two decades.

5.8 Political feasibility

Resistance may emerge from: incumbent hydro interests; fossil fuel backup
operators ; ministries losing regulatory control. Mitigation strategies include :
stakeholder consultations, gradual tariff adjustment ; transparent communication on
long-term benefits. International partnerships (AfDB, IRENA, UNECA) can provide
technical assistance and concessional financing.

5.9 Strategic coherence with SDG7 and agenda 2063

The proposed architecture aligns with: SDG7 (universal access, affordability,
sustainability) ; African Union Agenda 2063 energy objectives, Paris Agreement
commitments. By integrating security (Cherp & Jewell, 2014), justice (Jenkins et al.,
2018), and governance (Spith et al., 2022), the policy package addresses the
multidimensional nature of transition.

The policy implications derived from this study are not merely prescriptive but
structurally grounded in empirical vulnerability metrics (HVI) and institutional
analysis (ITJE). A credible Cameroonian transition requires : a binding legal anchor,
quantified and enforceable targets ; market-based carbon incentives ; independent
regulatory oversight; a justice-oriented redistribution mechanism. Sequenced
properly, these reforms can transform hydro-dependence from a structural trap into a
diversified, resilient, and equitable energy system.

The transition thus becomes not only an environmental imperative but a
constitutional, economic, and ethical project one capable of positioning Cameroon as
a regional leader in sustainable energy governance.

5.10. Macroeconomic risk and transition cost assessment

Energy transition reforms cannot be evaluated solely on institutional coherence or
environmental performance. Their macroeconomic consequences determine political
feasibility and long-term sustainability. This section integrates inflation dynamics,
fiscal exposure, debt sustainability, and competitiveness effects into the Green
Governance Architecture.

Carbon pricing and diversification affect consumer prices through energy pass-
through effects.

We define energy inflation as:

Where: my; = Energy inflation rate ; Cp= Carbon Price ; FIS = Fossil Import Share ;
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RS= Renewable Share.

Expected signs :

Short-run inflationary effects are possible, but medium-term renewable expansion
stabilizes prices.

Energy transition affects public finances through: Subsidy removal ; Green
infrastructure investment ; Carbon revenue recycling.

Government budget :

G; + lgreen — Carbongepenye = Ty + Debt, 41)
constraint:
Debt sustainability condition:
l:;—l;t: < Sustainablerp,eshola (42)
We define a Fiscal Transition Stress Indicator (FTSI):
FTSI = Greenlm,estmenGtD—PCarbonRe,,enue (43)

FTSI > 3% — Elevated fiscal pressure

FTSI < 1% — Sustainable reform path

Without diversification, hydro volatility increases emergency thermal imports and
fiscal shocks.

Expected relationship:
HydroVolatility - Emergencylmports - BudgetDeficit - DebtRatio

Thus, diversification reduces long-run debt risk. This links directly to
intergenerational justice.
Carbon pricing may affect export sectors.

We define Industrial Competitiveness Index (ICI):
ICI = EnergyCostspgre + Carbongyyosure — INMNovationg,giq,
(44)
If: Carbon Price increases without industrial support — ICI declines
However, recycling carbon revenues into industrial decarbonization offsets
competitiveness loss.
We simulate three carbon pricing trajectories:

Scenario A: $20/ton
Scenario B: $50/ton
Scenario C: $100/ton

e Scenario A — Gradual Transition : limited inflation impact ; modest revenue
generation ; slow emissions reduction.

e Scenario B — Balanced Reform : moderate inflation (short term) ; strong
fiscal revenue ; renewable investment acceleration ; most politically feasible
equilibrium.

e Scenario C — Aggressive Transition : high short-term inflation risk ; strong
long-term decarbonization ; requires strong redistribution mechanisms.
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Cost-Benefit Dynamic Evaluation
Net Transition Welfare (NTW):

NTW = (Carbongeyenue + Healthge,erirs + Energy Securityggins) —
(Inflationg,s; + Adjustment,g;:) 45)

Transition is optimal if:
NTW > 0 over 20 — year horizon (46)

Our modeling suggests:

Without institutional reform — NTW negative due to volatility

With Green Governance Architecture — NTW positive after 8—12 years
Hydro-dominance appears fiscally safe in the short term, but generates hidden
macroeconomic risk: Climate volatility shocks ; Emergency imports ; Inflation
spikes ; Debt accumulation.

Diversification
+ binding governance reduce systemic macroeconomic fragility.

6. CONCLUSION

This research began with a structural paradox: how can a country endowed with one
of the largest hydroelectric potentials in Central Africa remain structurally vulnerable
from an energy, institutional, and distributive standpoint? The central hypothesis
tested in this study was that hydraulic dominance does not, in itself, constitute an
energy transition. The empirical findings, integrated mathematical modeling, and
juridical-institutional analysis converge toward a robust conclusion: hydro —
dominance # just transition.

6.1 Hydro-dominance and the illusion of transition

The literature on energy transitions demonstrates that structural transformation of an
energy system cannot be reduced to the share of renewables in the energy mix or to
sectoral decarbonization (Energy Transitions; Global Energy Justice). In the
Cameroonian case, the predominance of hydroelectricity—historically built around
large centralized dams—has produced a technological and institutional lock-in effect.
This lock-in, conceptualized in path dependency scholarship (Frank W. Geels),
manifests through: limited diversification of renewable sources (solar, modern
biomass, wind); increased exposure to hydrological shocks; geographical
concentration of production; centralized decision-making that restricts local
participation. The Hydrological Vulnerability Index (HVI) developed in this
manuscript demonstrates that dependence on a single renewable source can generate
systemic vulnerability equivalent to that of fossil-based systems dependent on a
single resource. Thus, transition cannot be defined solely by the renewable nature of
the energy source, but by the resilience, diversification, justice, and governance that
accompany it.

6.2 Insufficiency of the current legal architecture

The institutional analysis confirms that Cameroon’s legal framework remains
fragmented, sectoral, and insufficiently binding. In the absence of an integrated
framework law on energy transition, public policies operate under an incremental and
reactive logic. Recent studies on African energy governance (International
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Renewable Energy Agency, 2023; African Development Bank, 2024) show that
countries adopting binding legal frameworks exhibit greater regulatory stability and
stronger private investment mobilization. Our Just Energy Transition Index (JETI)
reveals a significant gap between technical performance and normative coherence. In
other words, renewable generation may expand while distributive justice
mechanisms, transparency, and inclusion stagnate. This dissociation confirms that
energy transition is primarily an institutional project.

6.3 Just Transition: constraint + coherence + inclusion
The major conceptual contribution of this work lies in the following tripartite
formalization:

Just transition = normative constraint +
institutional coherence + distributive inclusion. “47)
With Constraint: legally binding targets accompanied by accountability mechanisms
; Coherence: alignment of sectoral policies (electricity, industry, taxation, climate) ;
Inclusion: redistributive mechanisms ensuring equitable access and recognition of

affected communities.

This formulation builds upon the theoretical foundations of energy justice (Benjamin
K. Sovacool; Raphael J. Heffron) while operationalizing them within a quantitative
framework. The contribution therefore moves beyond normative discourse into
measurable institutional design.

The primary methodological innovation of this study is the construction of the Just
Energy Transition Index (JETI). Unlike existing indicators focused on installed
capacity or emissions, JETI integrates: a legal pillar (binding nature of norms,
regulatory independence); an economic pillar (diversification, tariff stability); a
social pillar (access, inclusion, reduction of energy poverty). The index relies on
weighted multi-criteria aggregation inspired by multidisciplinary optimization
methods (Martins & Jameson, 2003). A sensitivity analysis was conducted to assess
weighting robustness, with confidence intervals simulated through +10% parametric
variation. Results show stable relative ranking of scenarios, reinforcing the internal
validity of the model.

The manuscript combines: a Hydrological Vulnerability Index (HVI); a Green
Governance Analysis (GGA); multi-criteria optimization. This integrated approach
responds to recurring criticisms of transition studies in Africa, which are often
fragmented between technical and legal analyses. By articulating quantitative data
with a normative framework, we propose a hybrid model that is replicable.

The study extends beyond national analysis. It incorporates comparisons with
trajectories observed in Ghana, South Africa, and at the continental level, drawing in
particular on reports from the International Energy Agency (2024) and the United
Nations Economic Commission for Africa (2024). JETI demonstrates its ability to
distinguish: renewable-dominant yet institutionally fragile systems; more carbon-
intensive systems equipped with robust legal architectures. This discriminative
capacity supports the exportability of the index to other African countries.

Beyond diagnosis, the manuscript proposes a structured normative architecture: a
binding framework law; legally enforceable targets; a domestic carbon market; an
independent regulatory authority; an energy justice fund. While calibrated for
Cameroon, this proposal is adaptable to other Sub-Saharan African contexts
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characterized by: heavy dependence on a single energy source; institutional
fragmentation; deficits in energy justice.

The originality lies in integrating a juridico-energy index with hydrological
vulnerability modeling. Few African studies offer such articulation. Weightings were
justified through literature review and robustness testing. However, future extensions
could include: Monte Carlo simulations; empirical confidence intervals; cross-
validation across an African panel dataset. Strategic figures (integrated cost surface,
JETI radar chart, vulnerability spectrum) were designed to illustrate systemic
dynamics. An extended version could include detailed statistical annexes. The
integration of macroeconomic costs (1.5-2.3% of annual GDP) and financing
mechanisms enhances political credibility. Alignment with African Union Agenda
2063 and United Nations objectives ensures international coherence.

General conclusion
Cameroon’s energy transition cannot be reduced to a simple increase in renewable
capacity. It requires a profound transformation of normative architecture, economic

mechanisms, and governance structures.
{, Hydro — dominance + transition (48)
ust transition = constraint + coherence + inclusion.

By introducing JETI, HVI, and an integrated modeling framework, this research
offers an analytical and normative structure capable of enriching international
scientific debate. It shifts the focus from production volumes to the institutional and
distributive quality of energy systems. From this perspective, energy transition
becomes: a climate imperative; a constitutional project; a mechanism of social
justice; a lever of economic sovereignty. If properly sequenced and institutionalized,
it could position Cameroon not merely as a hydroelectric producer, but as an African
laboratory of sustainable energy governance. The true transition is not technological :
it is systemic.
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