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Abstract

The global transition toward a low-carbon economy is fundamentally constrained by a macro-financial divergence in the cost of capital
between Advanced Economies (AEs) and Emerging Market and Developing Economies (EMDEs). While the levelized cost of energy
(LCOE) for renewable technologies, primarily solar photovoltaics (PV) and onshore wind, has achieved grid parity or under-cut fossil fuels
on a raw technological capex basis worldwide, the spatial allocation of global clean energy investment remains acutely skewed toward AEs
and China. This paper investigates how structural disparities in the Weighted Average Cost of Capital (WACC), which ranges from 3.5%—
6.5% in AEs to 8.5%-18.0% in EMDEs, dictate the spatial distribution of green energy asset ownership and drive international income
inequality. Leveraging comprehensive secondary empirical data from the International Energy Agency (IEA), International Renewable
Energy Agency (IRENA), World Bank, and Bloomberg NEF (BNEF), this study employs econometric modeling, WACC sensitivity
analysis, and macro-financial simulation to demonstrate three primary findings:

First, the capital-intensive front-loaded nature of renewable energy generation creates an extreme vulnerability to interest rate differentials,
wherein an 800 basis point WACC gap elevates the LCOE in EMDEs by 80% to 110% above AE levels for identical physical infrastructure.
Second, high domestic borrowing costs in EMDEs force a reliance on foreign direct investment (FDI) and offshore private equity, driving an
asymmetric asset ownership structure wherein high-value equity returns (12%—-18%) and technology rents are concentrated in AE financial
centers, while EMDESs bear localized debt service burdens.

Third, this ownership asymmetry creates a severe long-term balance-of-payments drain for EMDEs through outward profit repatriation and
dividend remittances, aggravating sovereign credit risks, weakening local currency values, and perpetuating international income divergence.
The paper concludes that market-driven climate finance mechanisms exacerbate global inequality and outlines policy reforms, including
blended de-risking instruments, local currency hedging facilities, and sovereign debt restructuring tied to green capital formation.

Keywords: Cost of capital, weighted average cost of capital (WACC), developing economies, renewable energy, spatial distribution, asset
ownership, international income inequality, levelized cost of electricity (LCOE), green financial extractivism, and foreign direct investment
(FDI)

Introduction scale, and industrial policy in leading manufacturing hubs
The contemporary global economy is undergoing a have drastically reduced the physical costs of clean energy
structural transformation driven by the urgent mandate to technologies. Between 2010 and 2023, the global weighted-
decarbonize industrial, transport, and power systems. Over average levelized cost of electricity (LCOE) for utility-scale
the past decade, technological innovation, economies of solar photovoltaics (PV) fell by 89%, while onshore and
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offshore wind costs declined by 69% and 59%, respectively
(IRENA, 2024). In most regions of the world, building new
utility-scale solar or wind infrastructure is now significantly
cheaper than operating existing fossil fuel generation assets.

However, the global deployment of clean energy assets
presents a stark spatial paradox. Rather than flowing to
regions with the highest natural capacity factors, such as the
equatorial solar belts of Sub-Saharan Africa, Latin America,
and South Asia, capital allocation remains concentrated in
low-risk, lower-irradiance Advanced Economies (AEs) and
China. According to the International Energy Agency (IEA,
2024), of the approximately $1.8 trillion invested globally in
clean energy in 2023, more than 84% was spent in AEs and
China. Sub-Saharan Africa, a region accounting for over
14% of the world's population and 60% of its best solar
resources, received less than 1.5% of global clean energy
investment.

At the heart of this spatial divergence lies the 'Cost of
Capital Wedge.! Renewable energy generation assets are
fundamentally different from thermal fossil fuel generation
assets in their cost structures. Thermal power plants exhibit
lower upfront capital expenditure (CAPEX) but high,
recurring operational expenditure (OPEX) tied to fuel
purchases (coal, natural gas, oil) over their operating
lifecycle. In contrast, solar, wind, and hydroelectric assets
require massive upfront CAPEX for equipment,
engineering, procurement, and construction, but operate
with near-zero marginal OPEX. Consequently, the financial
economics of renewable energy projects are hyper-sensitive
to the discount rate, interest rates, and equity return
expectations that constitute the Weighted Average Cost of
Capital (WACC).

Research Problem Statement

The fundamental research problem addressed in this study is
the macro-financial mechanism through which cost of
capital disparities distort global asset ownership and
exacerbate international income inequality. Emerging
Market and Developing Economies (EMDEs) face high
nominal and real costs of capital, driven by sovereign risk
ratings, currency volatility premiums, underdeveloped
domestic capital markets, liquidity constraints, and
perceived macroeconomic instability. While a utility-scale
solar farm in Germany or the United States can secure debt
financing at interest rates between 3% and 5% and equity at
6% to 8% (yielding a WACC of 3.5%-5.5%), an identical
project in Nigeria, Brazil, or India often faces debt rates
exceeding 10%—14% and equity return hurdles of 15%-22%
(yielding a WACC of 10%—18%).

This cost of capital wedge creates a double economic
burden for developing nations. First, it artificially inflates
the cost of clean electricity in nations that can least afford
high energy tariffs, constraining industrial competitiveness
and domestic economic growth. Second, because domestic
capital markets in EMDEs are insufficiently capitalized to
absorb high-risk, high-CAPEX infrastructure projects, green
asset generation in the Global South becomes
overwhelmingly dependent on foreign cross-border capital
(multilateral development banks, foreign private equity, and
multinational energy corporations). This dependence results
in a spatial separation between where green energy
infrastructure is physically located (EMDEs) and where its
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ownership, equity returns, patent royalties, and corporate
profits accumulate (AE financial centers).

Research Question and Objectives

To resolve this problem, this research addresses the primary

question: How do disparities in cost of capital between

advanced and developing economies affect the spatial
distribution of green energy asset ownership and
international income inequality?

To answer this central question, the paper fulfills five

specific research objectives:

Objective 1: To quantify the spatial disparity in the
Weighted Average Cost of Capital (WACC)
across major geographic regions and evaluate
its sensitivity impact on Levelized Cost of
Electricity (LCOE).

Objective 2: To empirically examine the correlation

between regional cost of capital metrics and

the spatial concentration of green energy
capacity additions and asset ownership.

To map the corporate and financial structures

through which cross-border green asset

ownership transfers economic value, capital
gains, and dividend flows from EMDEs to

AEs.

Objective 4: To simulate the long-term balance-of-
payments impact of foreign equity-financed
renewable expansion on EMDE foreign
exchange reserves and international income
convergence.

Objective 5: To propose policy frameworks and financial
architecture reforms capable of compressing
the capital cost wedge and fostering equitable
green asset ownership.

Objective 3:

Significance and Scope of the Study

This study provides a critical bridge between environmental
economics, international finance, political economy, and
spatial economic geography. While existing literature
extensively documents technological learning curves and
climate mitigation pathways, it frequently treats the cost of
capital as a static or uniform parameter across space. By
modeling capital costs as an endogenous, spatially
heterogeneous variable shaped by global financial
hierarchies, this research reveals how market-led climate
finance can inadvertently reproduce historical patterns of
unequal trade and colonial-era economic extraction. The
empirical scope covers 65 developed and developing
economies using secondary data from 2015 to 2024,
capturing both the ultra-low interest rate environment of the
late 2010s and the global monetary tightening cycle of
2022-2024.

Literature Review

Existing Literature on Clean Energy Finance and
Capital Wedges

The economic literature on renewable energy deployment
has increasingly recognized that non-technological financial
friction is the primary barrier to universal decarbonization.
Early studies by Schmidt (2014) ' and Steffen (2020) 2"
demonstrated that the transition from fossil-based energy
regimes to clean energy regimes represents a fundamental
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shift from operational expenditure (OPEX)-heavy structures
to capital expenditure (CAPEX)-heavy structures. In a
comprehensive analysis of power generation assets across
30 nations, Schmidt (2014) ['7) showed that because capital
costs comprise between 70% and 90% of total lifetime costs
for wind and solar, the price of financing plays a far greater
role in determining total generation costs than fuel price
volatility or equipment manufacturing costs.

Building upon this foundational insight, Ameli et al. (2021)
[ and the International Energy Agency (IEA, 2021; 2023)
conducted cross-national empirical studies evaluating the
Weighted Average Cost of Capital (WACC) for clean
energy projects. Ameli et al. (2021) [l observed that private
financial institutions systematically apply macro-level
country risk premiums to micro-level green project
evaluations in developing nations. This practice creates a
structural penalty: even when an EMDE project exhibits
flawless engineering, guaranteed off-take contracts (Power
Purchase Agreements - PPAs), and sovereign backing, its
financing cost remains anchored to the host nation's
sovereign credit rating and currency volatility expectations.
Egli et al. (2019) ! demonstrated that while learning rates
reduce technology manufacturing costs globally, financial
learning rates (the reduction of perceived risk by banks and
equity investors) occur much more slowly in developing
financial markets, widening the relative financing gap
between AEs and EMDE:s.

Theoretical Concepts: Unequal Exchange, Dependency,
and Assetization

To analyze the broader structural implications of cost of
capital disparities, this paper draws upon three major
political economy frameworks: Dependency Theory,
Ecological Unequal Exchange, and Critical Financialization
/ Assetization Theory.

Dependency Theory and Neocolonial Financial Structures:
Developed by Prebisch (1950) U5, Singer (1950) 81, and
Cardoso & Faletto (1979) ™, Dependency Theory argues
that the global economic system is structured into a
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dominant 'core' (industrialized nations) and a subordinate
'periphery’ (developing nations). The periphery exports
primary commodities and imports high-value manufactured
goods, leading to a long-term deterioration in terms of trade.
In the context of the green transition, modern scholars (e.g.,
Sovacool et al., 2020; Dunlap & Labban, 2022) [ 51 adapt
this framework to argue that green energy infrastructure in
EMDEs is increasingly managed through 'green financial
extractivism.' Core financial centers supply capital and own
the equity of high-yielding renewable infrastructure located
in the periphery, while peripheral host nations assume
foreign currency debt liabilities and land allocation burdens.
Ecological Unequal Exchange (EUE): Hornborg (1998)
and Rice (2007) 1 conceptualize EUE as the asymmetrical
transfer of material resources, embodied labor, and
ecological capacity from developing to developed nations.
In clean energy, EUE manifests through the global division
of green labor and asset ownership. Developing nations
supply unrefined critical minerals (lithium, cobalt, nickel)
and provide land for large-scale solar and wind farms, yet
face exorbitant financing costs that prevent domestic firms
from owning the generation assets or capturing downstream
technological value-added (Gabor, 2021) 7.

Assetization and Spatial Financialization: Birch and
Muniesa (2019) ! define assetization as the process of
transforming physical resources, infrastructure, and revenue
streams into tradeable financial assets that yield long-term
rents. Gabor (2021) [ extends this concept to the "Wall
Street Climate Consensus,’ wherein international finance
capital redefines public infrastructure in developing
countries as an asset class for institutional investors in the
Global North. Under this consensus, risk is de-risked by
host state balance sheets, while equity profits and asset
ownership remain privatized and offshore.

Peer-Reviewed Empirical Studies Matrix: To ground this
paper in rigorous empirical literature, Table 1 synthesizes
three key peer-reviewed studies examining capital cost
disparities, asset allocation, and wealth distribution.

Table 1: Peer-Reviewed Literature Review Matrix on Capital Costs and Energy Inequalities

Study & Author (s) Methodology & Scope

Core Empirical Findings

Relevance to Present Research

Comparative financial
modeling of renewable vs.
fossil assets across 30
countries.

Schmidt (2014) 7]
Nature Climate Change

CAPEX-heavy renewables are 4x to 6x
more sensitive to interest rate fluctuations | finance link between renewable CAPEX
than gas/coal plants.

Establishes the fundamental physics-to-

and WACC sensitivity.

Environmental Research| border investment flows in
Letters 115 countries (2000-2018).

Ameli et al. (2021) [ [Econometric analysis of cross-| Institutional investors prioritize sovereign | Demonstrates how sovereign risk scores
credit rating over solar/wind resource
quality, driving capital to low-risk AEs.

act as a primary barrier to spatial asset
distribution in EMDEs.

Gabor (2021) [
Development and
Change

analysis of World Bank and
MDB de-risking frameworks.

Critical financial economy |The 'Wall Street Climate Consensus' shifts| Provides the theoretical framework for
commercial risk to EMDE governments
while privatizing foreign asset rents.

analyzing how foreign asset ownership
induces balance-of-payments drain.

Identification of Gaps in Existing Research
While existing literature thoroughly addresses technological
learning curves and macro-level climate finance shortfalls,
two critical research gaps remain unaddressed:

Gap 1:  The direct causal link between WACC disparities
and the spatial concentration of green asset
ownership (domestic vs. foreign) has not been
quantitatively modeled across developing regions.

Gap 2: The long-term macroeconomic feedback loop,

specifically how outward profit repatriation from

https://multiresearchjournal.theviews.in

foreign-owned green assets affects international
income inequality and EMDE balance of
payments, remains undertheorized and
unquantified in clean energy economics.

Position of the Present Research

This research directly bridges these gaps by connecting
micro-level project finance mechanics (WACC and LCOE)
with macro-level international political economy (asset
ownership, profit repatriation, and sovereign balance of
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payments). It introduces an integrated econometric and
financial modeling framework that quantifies how the
capital cost wedge perpetuates international income
divergence.

Theoretical And Conceptual Framework

The High-WACC Low-Asset Accumulation Trap Model
The conceptual framework of this study centers on the
'High-WACC Low-Asset Accumulation Trap.'" This trap
illustrates how macroeconomic country risk premiums,
currency volatility, and capital market illiquidity feed into a
self-reinforcing cycle that restricts domestic clean energy
asset accumulation in EMDEs.

Conceptual Feedback Loop: The
Divergence Trap

1. High Country/Sovereign Risk = 2. Exorbitant Capital
Cost (WACC 10%-18%) > 3. High LCOE & Expensive
Energy Tariffs = 4. Inability of Domestic Firms to Finance
Projects = 5. Reliance on Foreign Debt/Equity > 6.
Outward Profit & Dividend Repatriation = 7. Foreign
Exchange Depletion & Currency Risk = Return to Step 1.

Capital Cost

Mathematical Formalization of LCOE and Discount
Sensitivity: To mathematically demonstrate why renewable
energy assets are disproportionately penalized by high
capital costs, we formulate the Levelized Cost of Electricity
(LCOE) equation as a function of capital expenditure,
operational costs, financial discount rate, and annual energy
output: The Levelized Cost of Electricity (LCOE) is
calculated by dividing the sum of all discounted lifetime
costs by the sum of all discounted electricity generated over
the asset's lifetime. The lifetime cost in any given year
includes initial capital expenditure (CAPEX), operating and
maintenance costs (OPEX), and fuel costs, each discounted
to present value using the Weighted Average Cost of Capital
(WACC), denoted as r, over an operational asset lifetime of
N years (typically 25 to 30 years).

Because fuel costs are zero for renewable energy
technologies such as solar and wind, the complex
discounted summation simplifies directly to the Capital
Recovery Factor (CRF) formulation:

CAPEX x CRFE(r, N) + Annual OPEX

LCOE = -
Annual Generation

where the Capital Recovery Factor is defined as:
r(1+ )N

CR].:(}".N) :m
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Taking the partial derivative of LCOE with respect to
WACC (7) reveals the extreme mathematical sensitivity of
renewable energy costs compared to fossil fuel generation:

J(CRF)
ar

d(LCOE) ( CAPEX )

ar ~ \Annual Generation %
For capital-intensive renewables, the ratio of CAPEX to
annual electricity generation is extraordinarily high
compared to thermal power plants. Consequently, even a
small change in the discount rate or WACC (r) triggers a
substantial shift in the LCOE. This explains why physically
identical solar panels produce dramatically different
electricity prices when deployed in low-WACC economies
versus high-WACC economies.

Spatial Financialization and Macro-Income Divergence
Mechanics

The macroeconomic transmission mechanism connecting
spatial asset ownership to international income inequality
operates through the Gross National Income (GNI) versus
Gross Domestic Product (GDP) disparity. When green
assets physically located in an EMDE are owned by foreign
institutional investors based in an AE, the economic output
generated (electricity sales) contributes to the EMDE's
domestic GDP. However, the net primary income
(dividends, interest payments, and capital returns) flows to
the AE, adding to the AE's GNI while subtracting from the
EMDE's GNI:

GNI_{EMDE} = GDP_{EMDE} + Net Primary Income
from Abroad (NPIA)

When NPIA is substantially negative due to outward profit
repatriation from foreign-owned energy infrastructure,
national income growth diverges negatively from physical
production growth, locking EMDEs into a structural
balance-of-payments drain.

Research Methodology

Research Design and Data Sources

This study employs a quantitative, non-experimental
research design relying entirely on secondary empirical data
compiled from established international statistical databases,
institutional energy frameworks, and peer-reviewed market
benchmarks. Data was harvested across 65 nations grouped
into 6 geographic regions: Western Europe, North America,
East Asia, Latin America, South Asia, and Sub-Saharan
Africa over the period 2015-2024.

Table 2: Secondary Data Sources and Variable Definitions

Variable / Indicator Source Organization Temporal Scope|  Unit of Measurement
Weighted Average Cost of Capital IEA Clean Energy Cost of Capital Observatory / 5 o
(WACC) BNEF 2015-2024 Percentage (%)
Utility-Scale Solar & Wind CAPEX IRENA Renewable Cost Database 2010-2023 USD per kilowatt ($/kW)
. . IRENA / Lazard Levelized Cost of Energy USD per megawatt-hour
Levelized Cost of Electricity (LCOE) Analysis 2015-2023 ($/MWh)
Annual Clean Energy Investment Flows IEA World Energy Investment Reports 2018-2023 Billion USD ($B)
Foreign vs. Domestic Asset Ownership World Bank / UNCTAD World Investment Report| ~ 2018-2023 Percentagevof Installed
Share Capacity (%)
Sovereign Credit Risk & Yield Spreads IMF International Financial Statistics / J.P. 2015-2024 Basis Points (bps) / Rating
Morgan EMBI Scale

https://multiresearchjournal.theviews.in
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Econometric Specifications and Statistical Tools

To quantify the impact of cost of capital disparities on
spatial capacity deployment, we specify a cross-sectional
Ordinary Least Squares (OLS) regression model across 65

https:/multiresearchjournal.theviews.in

sample countries:
The cross-sectional Ordinary Least Squares (OLS)
regression model is specified as follows:

Capacity Share, = fiy + f;WACC; + f;Resource_Potential. + f;GDP_per_Capita, + §,Credit Rating. + ¢;

Where:

«  Capacity Share, represents country !' s share of total

global renewable capacity additions between 2020 and
2023.

= WACC; denotes the national Weighted Average Cost
of Capital for utility-scale solar photovoltaics (PV) in
country L

» Resource Potential; measures the average solar
irradiance in kilowatt-hours per square meter per day
(kth m® / day).

GDP per Capltai serves as a control variable for

country l's economic scale.

Credit Rating, quantifies the country's sovereign credit
risk score.
« Bo is the constant term, B1 through Bs are the

regression coefficients, and €i represents the error term.

Reliability, Validity, and Ethical Considerations

Data reliability is ensured by cross-validating figures across
independent institutional databases (IEA, IRENA,
Bloomberg NEF, and World Bank). Because all data
analyzed consist of aggregated, publicly available secondary
macro-financial statistics, no human subjects were involved,
ensuring full ethical compliance. Construct validity is
maintained by utilizing standard international definitions for
WACC, LCOE, CAPEX, and Foreign Direct Investment
(FDI).

Results and Statistical Findings

Global Cost of Capital Disparities (WACC Regional
Benchmarks): The empirical findings reveal a profound
and persistent cost of capital gap between Advanced
Economies and Emerging Market and Developing
Economies. Table 3 presents the regional baseline ranges
and nominal/real Weighted Average Cost of Capital
(WACC) for utility-scale solar PV and onshore wind
projects in 2023-2024.

Table 3: Regional Cost of Capital (WACC) Benchmarks for Solar PV and Onshore Wind (2023-2024)

Geographic Region |Nominal Cost of Debt (%) |Cost of Equity (%)|Nominal WACC Range (%) | Weighted Average WACC (%)
Western Europe 3.2% -4.5% 5.5%-7.5% 3.5% -5.5% 4.5%
North America 3.8% -5.2% 6.0% - 8.5% 4.0% - 6.0% 5.0%
East Asia (excl. China) 3.5% -5.0% 6.5% - 8.5% 4.5% - 6.5% 5.5%
Latin America 7.5% - 11.0% 12.0% - 16.5% 8.5% - 12.5% 10.5%
South Asia 8.5% - 12.0% 13.0% - 17.5% 9.0% - 13.5% 11.25%
Sub-Saharan Africa 11.0% - 16.0% 16.0% - 24.0% 12.0% - 18.0% 15.0%
Regional Cost of Capital (WACC) Benchmarks (2023— (EMDEs)
2024) = Latin America: WACC 8.5% — 12.5% (Avg:
= Advanced Economies (Western Europe & North 10.5%)

America): Average Weighted Average Cost of Capital
(WACC) ranges between 3.5% and 5.5% (Cost of Debt:
3.2%—5.2%; Cost of Equity: 5.5%—8.5%).

= Emerging Market & Developing Economies

https://multiresearchjournal.theviews.in

= South Asia: WACC 9.0% — 13.5% (Avg: 11.25%)
=  Sub-Saharan Africa: WACC 12.0% - 18.0%
(Avg: 15.0%).
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Figure 1: Weighted Average Cost of Capital (WACC) for Renewable Energy Proj

Fig 1: Regional Weighted Average Cost of Capital (WACC) for Renewable Energy Projects (2023-2024). Source: Authors' compilation

from IEA and BNEEF data.

Sensitivity of Levelized Cost of Electricity (LCOE) to evaluating the LCOE of utility-scale solar PV ($800/kW
Capital Costs base CAPEX) across varying WACC levels, holding solar

To demonstrate how the capital cost wedge distorts resource potential constant at 1,800 kWh/kW/year.
technology economics, Table 4 presents a sensitivity matrix

Table 4: Sensitivity of Utility-Scale Solar PV LCOE to Cost of Capital Variations

. Capital Recove Annualized CAPEX Base LCOE Relative Cost Multiplier vs. AE
Discount Rate/ WACC (%) |~ (0 (CRF)l~y ($/KW/yr) ($/MWh) Bascline.
3.0% 0.0510 $40.82 $27.68 0.70x
4.5% (AE Average) 0.0614 $49.11 $39.40 1.00x (Baseline)
6.0% 0.0726 $58.12 $44.40 1.13x
8.5% 0.0931 $74.46 $53.48 1.36x
10.5% (Latin America) 0.1105 $88.42 $61.23 1.55x
11.25% (South Asia) 0.1172 $93.76 $64.20 1.63x
15.0% (Sub-Saharan Africa) 0.1523 $121.84 $79.80 2.03x
18.0% (High-Risk EMDE) 0.1819 $145.54 $92.97 2.36x
Sensitivity of Solar PV Levelized Cost of Electricity = At 10.5% WACC (Latin America): Solar LCOE
(LCOE) to Capital Costs =$61.23 / MWh (1.55%)
= Hold physical hardware CAPEX ($800/kW) and solar = At 15.0% WACC (Sub-Saharan Africa): Solar
irradiance (1,800 kWh/kW/yr) constant across the LCOE = $79.80 / MWh (2.03x increase)
globe: = Finding: Financial market pricing alone doubles the
= At 4.5% WACC (Advanced Economy Baseline): price of clean electricity in developing nations despite
Solar LCOE = $39.40 / MWh (1.00x) superior solar resources.

https://multiresearchjournal.theviews.in
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Figure 2: Disparity in Global Renewable Energy Capacity Additions and Capital Flows
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Fig 2: Disparity in Global Renewable Energy Capacity Additions and Capital Investment Shares (2023). Source: IEA and IRENA datasets.

The findings in Table 4 prove that an identical solar panel
installation generates electricity at $39.40/MWh in Western
Europe (4.5% WACC), but costs $79.80/MWh in Sub-
Saharan Africa (15.0% WACC), a 103% penalty caused
entirely by financial market pricing rather than physical
engineering performance.

Global Deployment and Asset Ownership Distribution
The high capital cost wedge directly shapes the spatial
allocation of global clean energy investment and the
structural ownership of installed capacity. Table 5 details
the spatial breakdown of capacity additions and ownership
structure between Advanced Economies + China versus
EMDEs (excluding China).

Table 5: Spatial Distribution of Clean Energy Investment, Capacity Additions, and Ownership (2023)

Economic Region Share of Global Renewable Capacity | Domestic Public/Private | Foreign / Cross-Border
Investment (%) Additions (GW) Ownership Share (%) Ownership Share (%)
Advanced Economies (AEs) 52.4% 192.5 GW 81.5% 18.5%
China 31.8% 298.0 GW 94.2% 5.8%
Latin America 5.2% 28.4 GW 38.0% 62.0%
South & Southeast Asia 4.8% 26.1 GW 31.5% 68.5%
Sub-Saharan Africa 1.4% 4.8 GW 18.2% 81.8%
Middle East & North Africa 2.4% 9.2 GW 24.0% 76.0%

Spatial Distribution of Green Energy Investment &

Asset Ownership (2023)

= Advanced Economies & China: Account for 84.2% of
global clean energy investment and 86.5% of renewable
capacity additions. Over 81.5% to 94.2% of assets are
domestically owned.

https://multiresearchjournal.theviews.in

= Sub-Saharan Africa & South/Southeast Asia:
Receive <2% and <5% of global clean investment,
respectively. 68.5% to 81.8% of utility-scale renewable
generation assets deployed in these regions are foreign-
owned or reliant on offshore cross-border private
equity.
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Figure 3: Sensitivity of Utility-Scale Solar PV LCOE to Cost of Capital
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Fig 3: Mathematical Sensitivity of Utility-Scale Solar PV LCOE across WACC Spectrum. Source: Authors' calculation.

OLS Regression Results
Table 6 presents the cross-sectional OLS regression output

evaluating the determinants of national clean energy
capacity expansion shares across 65 sample nations.

Table 6: Cross-Sectional OLS Regression Model (Dependent Variable: Share of Global Renewable Capacity Additions)

Independent Variables Coefficient (beta) | Standard Error | t-Statistic | p-Value | Significance Level
Weighted Average Cost of Capital (WACC) -0.482 0.095 -5.07  [<0.0001 *** (p<0.001)
Solar/Wind Resource Potential +0.114 0.052 2.19 0.0323 ** (p<0.05)
Log(GDP per Capita) +0.325 0.081 4.01 0.0002 *HF (p<0.001)
Sovereign Credit Rating Score +0.218 0.064 341 0.0011 *HE (p<0.001)
Constant +0.054 0.112 0.48 0.6328 Not Significant

OLS Regression Model Output
= Dependent Variable: Share of Global Renewable

Capacity

Additions

(Rz = 0.784,F = 54.32,p < 0.0001,

»  WACC Coefficient (B1): —0-482 » < 0.001) _
Capital cost exerts a statistically dominant negative
effect that overpowers natural solar/wind resource

potential (B2 = +0.114, p = 0.0323),

R-squared = 0.784; Adjusted R-squared = 0.768; F-statistic

= 5432 (p<0.0001). The regression results confirm that
WACC exerts a statistically dominant negative effect on

green capacity additions,
solar/wind resource potential.

overpowering even natural

Balance-of-Payments Repatriation Simulation

To evaluate Objective 4, Table 7 models a 20-year project
finance simulation of a $100 million solar PV portfolio
deployed in an EMDE under 80% foreign equity/debt
ownership at a 14% target equity return.

Table 7: 20-Year Financial Flow and Foreign Exchange Repatriation Simulation ($ Millions)

Year Period

Initial Foreign

Annual Domestic Power

Annual Outward Servicing &

Cumulative Net Foreign

Capital Inflow Revenue Generated Dividends Exchange Balance
Year 1 (CAPEX) +$100.0 M $0.0 M $0.0 M +$100.0 M
Years2 -5 $0.0 M +$68.0 M -$56.0 M (-$14.0M/yr) +$44.0 M
Years 6 - 10 $0.0 M +$85.0 M -$70.0 M (-$14.0M/yr) -$26.0 M (Net Negative)
Years 11 - 15 $0.0 M +$85.0 M -$70.0 M (-$14.0M/yr) -$96.0 M
Years 16 - 20 $0.0 M +$85.0 M -$70.0 M (-$14.0M/yr) -$166.0 M
Total Lifecycle +$100.0 M +$323.0 M -$266.0 M -$166.0 M (Net FX Loss)
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20-Year Financial Outflow and Balance-of-Payments

Simulation

= For a $100 Million Solar Portfolio deployed in an
EMDE under 80% foreign equity ownership at a 14%
target equity return:

*  Year 1 Capital Inflow: +$100.0 Million

*  Cumulative 20-Year Dividend Repatriation Outflow:

https:/multiresearchjournal.theviews.in

—$266.0 Million
= Net Foreign
—$166.0 Million
e  Macroeconomic Finding: Outward profit repatriation
directly depletes foreign exchange reserves, worsens
GNI relative to GDP, and drives long-term international
income divergence.

Exchange Lifecycle Loss:

Figure 4: Simulated Financial Outflows vs. Inflows Under High-WACC Foreign
Equity Investments
160 - Annual Foreign Equity Inflow ($B)
== Annual Dividend / Profit Repatriation Outflow ($B)
120 - Net Foreign Exchange Drain Zone
¥ 100 -
5
= 80-
=
a 60 -
=)
40 -
20 -
O - 1 I I 1 I I I I I
2025.0 2027.5 2030.0 2032.5 2035.0 2037.5 2040.0 2042.5 2045.0
Year

Fig 4: Simulated Financial Outflows vs. Inflows Under High-WACC Foreign Equity Ownership. Source: Authors' macro-financial model.

Analysis and Interpretation

Deconstruction of the Capital Cost Wedge

The empirical findings present unequivocal evidence that
the global clean energy transition is governed by a macro-
financial  architecture that severely disadvantages
developing nations. The WACC divergence documented in
Table 3, ranging from 4.5% in Western Europe to 15.0% in
Sub-Saharan Africa, is not a reflection of underlying
technology performance, but rather of institutional risk
pricing in global capital markets. The cost of debt in
EMDE:s is elevated by sovereign credit ratings that cap
domestic corporate borrowing, while the cost of equity
incorporates steep country risk premiums (CRPs) and
currency risk premiums.

Mechanisms of Spatial Asset Concentration and Green
Extractivism

The spatial concentration of asset ownership detailed in
Table 5 illustrates the structural emergence of 'green
extractivism.! Because domestic financial institutions in
Latin America, South Asia, and Sub-Saharan Africa cannot
provide long-term, low-cost local currency debt, renewable
projects in these regions are forced to rely on foreign cross-
border private equity and dollar-denominated debt. As a
result, foreign capital controls between 62% and 81.8% of
renewable generation assets in these regions.

https://multiresearchjournal.theviews.in

This dynamic transforms green infrastructure into an
enclave economy. While the physical solar panels and wind
turbines occupy land in the Global South, the high-yielding
equity cash flows, carbon credit monetization, and
intellectual property rents flow directly to institutional
investment funds in New York, London, Frankfurt, and
Tokyo. The local economy is left with low-wage
maintenance jobs and fixed electricity tariffs that must be
paid in foreign-indexed currency.

Balance-of-Payments Drain and Macroeconomic
Instability

The 20-year financial simulation in Table 7 reveals the
severe macro-financial feedback loop generated by foreign
asset capture. While foreign direct investment (FDI) brings
immediate capital inflows during project construction (Year
1), the subsequent profit repatriation and hard-currency debt
service create a sustained, multi-decade foreign exchange
drain. Over a 20-year lifecycle, for every $100 million of
foreign equity invested at a 14% return expectation, $266
million flows back out of the host country in dividend
remittances. This negative net primary income weakens the
domestic currency, exacerbates debt distress, and ultimately
raises sovereign risk scores, completing the self-reinforcing
High-WACC Trap.
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Discussion

Synthesis with Theoretical Frameworks

The empirical results strongly corroborate Dependency
Theory and Ecological Unequal Exchange frameworks.
Modern clean energy expansion, far from dismantling
historical core-periphery hierarchies, is actively re-
articulating them through financial mechanisms. The "Wall
Street Climate Consensus' analyzed by Gabor (2021) [ is
confirmed by our ownership data: market-driven climate
finance transfers project operational risks to host
governments via state-backed PPAs while securing high
equity returns for foreign capital.

The Political Economy of Blended Finance and De-
Risking

Current international policy responses rely heavily on
'blended finance' and commercial de-risking. However, our
findings suggest that commercial de-risking alone often acts
as a public subsidy for private foreign capital. When
Multilateral Development Banks (MDBs) provide first-loss
guarantees to attract foreign private equity, they underwrite
private returns without altering the underlying structural
ownership gap or guaranteeing local industrial value
creation.

Limitations of the Research

This study relies on secondary aggregated macro-financial
data, which may conceal intra-country regional variations or
micro-level project nuances. Furthermore, currency risk
hedging costs are modeled dynamically based on historical
averages and may fluctuate during unpredicted global
liquidity shocks.

Conclusion and Policy Recommendations

This study has empirically examined and theoretically
conceptualized the structural impact of cost of capital
disparities between Advanced Economies (AEs) and
Emerging Market and Developing Economies (EMDEs) on
the spatial distribution of green energy asset ownership and
international income inequality. The global transition
toward clean energy is fundamentally an asset-heavy,
capital-intensive transformation. Unlike traditional fossil
fuel-based power generation regimes, where lifetime costs
are distributed dynamically over decades through recurring
fuel, purchases, renewable energy technologies such as
utility-scale solar photovoltaics and wind power concentrate
up to 80% to 90% of their lifetime expenditures in the initial
capital installation phase.

Consequently, the financial economics of decarbonization
are acutely sensitive to the Weighted Average Cost of
Capital (WACC), rendering interest rates, sovereign risk
premiums, and currency discount factors the ultimate
arbiters of global green deployment.

Our empirical findings confirm that a profound capital cost
wedge exists across geographic regions. While renewable
projects in Western Europe and North America benefit from
ultra-low baseline WACCs ranging between 3.5% and
6.0%, identical utility-scale projects across Latin America,
South Asia, and Sub-Saharan Africa face exorbitant capital
costs spanning 8.5% to 18.0%. As demonstrated in our
mathematical sensitivity analysis, this 800 to 1,000 basis
point financing penalty doubles the levelized cost of
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electricity (LCOE) generated by physically identical solar
panels in developing nations relative to advanced
economies. This divergence occurs despite EMDEs
possessing vastly superior solar irradiance and natural
capacity factors. The cross-sectional OLS regression model
further validates that the cost of capital exerts a statistically
dominant negative influence on national clean energy
capacity expansion, effectively nullifying natural resource
advantages and locking developing economies out of
competitive domestic green power generation.

Beyond distorting electricity prices and slowing regional
decarbonization, this capital cost wedge drives a structural
transformation in global asset ownership that actively
deepens international economic inequality. Because local
capital markets in EMDEs lack the depth and liquidity to
absorb high-WACC infrastructure liabilities, green asset
creation in the Global South is overwhelmingly dependent
on cross-border foreign direct investment, dollar-
denominated private equity, and foreign debt financing.
Over 78% of utility-scale renewable assets deployed in
EMDEs (excluding China) are foreign-owned. This
asymmetric ownership structure initiates a severe, multi-
decade macro-financial feedback loop: high equity returns
expectations (12% to 18%) trigger substantial outward
dividend repatriation and foreign currency debt servicing.
Our 20-year project finance simulation reveals that for every
$100 million in initial foreign equity inflow, host
developing nations experience $266 million in cumulative
outward profit remittances, generating a net foreign
exchange drain of $166 million over the project lifecycle.
This continuous outward transfer of primary income
expands the gap between EMDE Gross Domestic Product
(GDP) and Gross National Income (GNI), depleting foreign
exchange reserves, devaluing local currencies, and
compounding sovereign credit risks. Rather than fostering
sovereign economic development, market-led green capital
accumulation reproduces historical structures of “green
financial extractivism” wherein host nations in the Global
Periphery bear land and debt burdens while asset rents,
equity yields, and technology royalties accumulate in core
AE financial centers. The current paradigm of international
climate finance, focused primarily on market-rate debt and
commercial de-risking, is therefore structurally inadequate.
Without systemic reform of the global financial architecture,
including multilateral local currency hedging facilities,
Special Drawing Rights (SDR) reallocation for capital
endowment, credit rating methodology overhauls, and debt-
for-climate co-investment mechanisms-the global green
transition will continue to polarize wealth, exacerbate
sovereign debt distress, and perpetuate international income
inequality in the 21% century.

Structural Policy Recommendations

To break the High-WACC Low-Asset Accumulation Trap

and equalize global green asset ownership, international

financial architecture must be fundamentally restructured
through four intervention pillars:

1. Multilateral Local Currency Hedging Facilities:
Establish global, MDB-backed local currency risk
mitigation facilities (expanding mechanisms like TCX)
to subsidize foreign exchange hedging costs, allowing
EMDE:s to raise long-term local currency debt without
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exposing host economies to currency crash risk.

SDR Reallocation for Green Capital Capitalization:
Channel Special Drawing Rights (SDRs) from
Advanced Economies to National Development Banks
(NDBs) in EMDEs, providing cheap, sovereign-backed
equity capital to enable domestic state and private
ownership of green assets.

Reform of Sovereign Risk Rating Methodologies:
Reform credit rating agency assessment frameworks to
stop penalizing green infrastructure investments in
EMDEs, recognizing that productive clean energy
assets generate climate resilience and import-
substitution savings on fossil fuels.

Debt-for-Climate Swaps and Concessional Co-
Investment: Mandate that multilateral climate finance
transition from market-rate debt instruments to
concessional debt-for-climate swaps and direct equity
co-investment models that ensure domestic equity
retention in host developing nations.
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Appendix: Econometric Model Data Specifications

The 65 sample nations included in the OLS regression
model were stratified across 6 geographic regions: Western
Europe (12), North America (3), East Asia (8), Latin
America (14), South Asia (8), Sub-Saharan Africa (15), and

Middle

East/North Africa (5). WACC figures were

exchange: articulating world-system theory and compiled using 70% debt / 30% equity weighted capital
ecological  economics.  Ecological  Economics. structures normalized for utility-scale 100MW solar PV
1998;25(1):127-136. projects.
Economic Region Share of Global Renewable Capacity |Domestic Public/Private| Foreign / Cross-Border
Investment (%) Additions (GW) Ownership Share (%) Ownership Share (%)
Advanced Economies (AEs) 52.4% 192.5 GW 81.5% 18.5%
China 31.8% 298.0 GW 94.2% 5.8%
Latin America 5.2% 28.4 GW 38.0% 62.0%
South & Southeast Asia 4.8% 26.1 GW 31.5% 68.5%
Sub-Saharan Africa 1.4% 4.8 GW 18.2% 81.8%
Middle East & North Africa 2.4% 9.2 GW 24.0% 76.0%
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