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Abstract

Despite rising foreign direct investment (FDI), Sub-Saharan Africa continues to experience
inadequate energy infrastructure and weak sustainable development outcomes, suggest-
ing that investment alone is insufficient to generate long-term development gains. This
study investigates whether energy infrastructure conditions the relationship between FDI
and sustainable development in 35 Sub-Saharan African countries over the period 2000-
2024. Sustainable development is measured using adjusted net savings, while energy
infrastructure is proxied by the Energy Infrastructure Composite Index. The analysis em-
ploys complementary second-generation panel estimators, including fixed effects with
Driscoll-Kraay standard errors, common correlated effects mean group, Augmented Mean
Group, System Generalized Method of Moments, and panel quantile regression to address
cross-sectional dependence, slope heterogeneity, endogeneity, dynamic persistence, and
distributional heterogeneity. The results demonstrate that FDI exerts adverse effects on
sustainable development where energy infrastructure is weak but generates significant
positive outcomes as infrastructure improves. Institutional quality consistently emerges
as the most robust determinant across all estimators and quantiles, while the positive
interaction between FDI and energy infrastructure confirms that stronger energy systems
enhance countries’ absorptive capacity. The findings underscore the need for coordinated
investments in energy infrastructure and institutional reforms to maximize the sustainable
development benefits of foreign investment in Sub-Saharan Africa.

Keywords: sustainable development; adjusted net savings; energy infrastructure;
institutional quality; System GMM; panel quantile regression; Sub-Saharan Africa

1. Introduction

The relationship between foreign direct investment (FDI) and sustainable develop-
ment has long been at the forefront of debates in development economics and finance;
nonetheless, it remains empirically unsettled, particularly in Sub-Saharan Africa (SSA). The
region has continued to experience an increase in FDI inflows over the past two decades,
and SSA still has a long way to catch up with the rest of the world on most indicators of
sustainable development.

A recurring structural explanation is that inadequate energy infrastructure limits the
productive use of foreign capital: almost 600 million people in SSA lack access to electricity,
and over 900 million people cook using traditional biomass fuels [1,2]. This energy gap is
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both a welfare gap and a structural constraint that affects the productive capability of labor,
technological spillovers from multinational enterprises, and the institutions that support
FDI-related labor absorption [3]. Empirical studies on FDI and sustainable development in
SSA have generally treated energy infrastructure as a residual control variable rather than
as a conditioning factor that moderates FDI's productivity.

To this end, the omission of a formal conditioning role for energy infrastructure in the
FDI-sustainable development relationship needs to be examined, given the finding in [4]
that the relationship between FDI and sustainable development was strong and unidirec-
tional in low-income African economies between 1990 and 2020. Similarly, [5] revealed that
at the disaggregate level, FDI positively affects the economic and social sustainability of 41
SSA countries while having net negative effects on environmental sustainability, making
the aggregate sustainable development benefit uncertain. These findings are consistent
with the broader literature, which indicates that the impact of FDI in SSA is not necessarily
positive but hinges on the host country’s absorptive capacity, particularly on infrastructure
development, institutional quality, and human capital endowments [3,5,6].

The study reconceptualizes energy poverty as the inverse of energy infrastructure
adequacy rather than as a separately measured construct: in the empirical model, the
Energy Infrastructure Composite Index (EICI) is the single underlying measure, and its
interaction with FDI captures how the sustainable development returns to foreign capital
vary with the state of a country’s energy infrastructure. Empirical results reported in
Section 4 confirm that the sustainable development effect of FDI is conditional on energy
infrastructure, such that the marginal effect of FDI is negative where infrastructure is weak
and positive where it is well developed, which is the key finding of the present paper.

This paper makes three main contributions to the literature by directly testing whether
the level of energy infrastructure conditions the FDI-sustainable development relationship
through an FDI x EICI interaction term, reporting the interaction coefficient, its standard
error, and the conditional marginal effect of FDI at low, average and high levels of en-
ergy infrastructure, together with 95% confidence intervals. Second, the methodological
framework combines second-generation panel estimators (FE-DK, CCEMG, AMG) that
are robust to cross-sectional dependence and slope heterogeneity with a dynamic System
GMM specification and panel quantile regression, all estimated on a common set of controls
(FDI, energy infrastructure, institutional quality, income level and trade openness) with
country and year fixed effects, and each accompanied by full diagnostic reporting (instru-
ment counts, Hansen and Arellano-Bond tests for GMM; properly computed CIPS panel
unit-root statistics). Third, the paper is explicit about a data limitation that is often glossed
over in the literature: composite indices built by rescaling a single underlying indicator (as
EPI was rescaled from EICI) can be exactly collinear with that indicator. We show both how
this was diagnosed and how the model was respecified to resolve it, which we hope will be
of methodological use beyond this specific application. The dependent variable is Adjusted
Net Savings (ANS), a measure developed by the World Bank that accounts for environmen-
tal damage, particulate emissions damage, human capital investment, resource depletion,
and wealth accumulation, which is theoretically a better indicator of sustainability trends
than traditional GDP-based measures [7].

The remainder of the paper is organized as follows: Section 2 reviews the existing
literature, both theoretical and empirical. The data, model and estimation methods are
described in Section 3. The empirical results are presented in Section 4. Section 5 discusses
the results and their policy implications, and Section 6 discusses the study’s limitations.
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2. Literature Review

The relationship between foreign direct investment (FDI) and sustainable development
in Sub-Saharan Africa (SSA) has attracted considerable scholarly attention. However,
despite extensive empirical investigation, the findings remain mixed and inconclusive,
indicating that the debate is far from settled. There are several interrelated mechanisms
underlying the theoretical arguments for FDI as an engine of sustainable development,
such as technology transfer, human capital upgrading, institutional spillovers, and the
mobilization of domestic complementary investment [8]. In the neoclassical tradition,
capital inflows from the rest of the world also remove the constraint on domestic saving
and raise the marginal product of labor, resulting in welfare gains that build up over time.
According to endogenous growth theory, clean technologies and knowledge spillovers are
generated by FDI, thereby contributing to sustainable development [9]. These theoretical
predictions, however, assume competitive markets, adequate absorptive capacity, and
adequate institutions in SSA, which is not necessarily the case.

The latter is more compleX, as there is no clear consensus on FDI’s effectiveness in
SSA due to structural problems. One of the direct tests conducted in [4], in the African
context, used adjusted net savings as the dependent variable and a Sustainable Economic
Growth index as the independent variable. The GMM-PVAR results indicated that FDI has
a negative causal effect on sustainable development for African economies, an effect that [4]
found was strongest among the lowest-income economies in their sample compared to a
weaker effect among the highest-income economies. In this sense, the absorptive capacity
of the host economy is identified as a key intermediary in the welfare effects of FDI in SSA,
with [3] establishing that the positive effect of FDI becomes apparent only once a threshold
in institutional quality and infrastructure is reached.

The findings from studies on SSA regarding the negative effect of FDI are consistent
with the results of the pollution hypothesis and the resource curse literature. Ref. [10] found
that FDI had a significant impact on environmental degradation in African countries over a
24-year period, and that the effect was less pronounced in institutional settings characterized
by poor governance. This conclusion was echoed by [5], whose environmental sustainability
findings imply that the economic and social components of FDI's overall effect are beneficial
when the aggregate sustainable development effect is broken down by dimension.

Other studies suggest more positive conditional effects. For example, Ref. [11] found
that, in the sample of 29 SSA countries they studied from 1990 to 2017, trade openness
was associated with lower poverty even where FDI itself showed no significant poverty-
reducing effect. Goal coherence in FDI policy frameworks is separately identified in
the literature as a sufficient condition for translating FDI into sustainable development
outcomes in SSA. Ref. [12], studying a broader panel of Belt and Road Initiative (BRI)
countries rather than SSA specifically, found that FDI does not have a significant overall
effect on socioeconomic development, but exerts a positive effect in the South Asia and
Central /Western Asia sub-regions.

Energy Infrastructure as a Structural Constraint on Development

The concept of inadequate energy infrastructure as a constraint on development is
well established in the literature, though it has not been studied as extensively in the
FDI-development relationship literature. Low income and low energy consumption go
hand in hand with low access to modern energy services, creating a vicious circle of energy
poverty [13]. In the case of electricity access and economic growth, Ref. [14] directly showed
the statistical significance of the positive correlation between electricity access and economic
growth across a panel of 14 countries from 1990 to 2016, and indirectly through health,
education, and income generation, which are interlinked over time.

https://doi.org/10.3390/en19163924


https://doi.org/10.3390/en19163924

Energies 2026, 19, 3924

40f18

These findings have been subsequently confirmed and clarified by subsequent stud-
ies. Several estimates across 36 SSA countries in [15] indicate that energy development
indicators have positive and significant impacts on food security, labor productivity and
household welfare. Using a multidimensional index and principal component analysis,
Ref. [16] explained that energy poverty significantly and positively influences agricultural
productivity gaps across 35 countries in SSA, and that the impacts vary across sub-regional
groups. Ref. [17] found that energy poverty had a significant impact on increased new
business creation density in SSA, indirectly, via internet access and health outcomes, both
of which are preconditions to FDI absorption.

Another strand of the literature examines the bidirectional relationship between FDI and
energy infrastructure development in SSA. Energy infrastructure constitutes a precondition
for attracting FDI, while FDI can finance and accelerate energy infrastructure development,
particularly where investment capacity is constrained. FDI in renewable energy may generate
more sustainable development outcomes than investment in fossil fuel energy. Evidence in
Ref. [18] confirms that FDI has a positive and statistically significant effect on electricity access
in African countries, based on System GMM estimates for 2000-2017. Conversely, foreign
aid exerts a negative and statistically significant effect, consistent with aid fungibility and
institutional displacement arguments in the development literature.

Also, new evidence in the literature has begun to recognize that energy poverty serves
as a mediator or moderator of the relationship between external capital flows and internal
development outcomes, which is a key focus of the present study. In this regard, Ref. [19]
demonstrated that energy poverty negatively affects structural economic informality in
Africa, and that the two are mutually determined, with bidirectional causality. From an
institutional point of view, Ref. [20] argued that the private sector has been slow to invest
in the electricity sector of SSA, identifying some governance, financial, political and techno-
logical issues that all reduce the returns on the private sector’s investments in electricity
infrastructure. Ref. [21] conducted a study on SSA using the CS-ARDL method from 2004 to
2022 and found a positive relationship between clean energy infrastructure and technologi-
cal advancement in the short and long term with FDI in SSA. Ref. [22] also concluded, based
on Driscoll-Kraay fixed effects and a panel structural vector autoregression in a sample of
77 high-income countries, that green energy policies have a positive impact on FDI flows,
with macroeconomic performance as the mediator. Ref. [23] used a Spatial Durbin Model
and tested it on 80 Belt and Road countries during 2006-2018. They found that outward FDI
from China reduces energy poverty in host countries by increasing energy availability and
improving their infrastructure. Ref. [24] examined the determinants of renewable energy
consumption in 31 Sub-Saharan African countries, focusing on human capital, foreign
direct investment, financial development, and institutional quality. The study found that
the relationship remains evident across lower-income country sub-samples, suggesting that
the expansion of renewable energy consumption is conditioned by the levels of financial
development and institutional quality.

The review of the literature in this study suggests a theoretical triangle in which energy
infrastructure conditions the productive returns to FDI, indicating that FDI can, in turn, sup-
port energy infrastructure development, with institutional quality acting as an intermediary
in both directions. Several strands of this literature have been studied individually, including
the FDI-sustainable development link, the energy infrastructure-development link, and the
role of institutional quality as a conditioning factor. Nonetheless, to our knowledge, they have
not previously been combined within a single empirical framework and compared across
several second-generation and dynamic panel estimators for the full 35-country SSA panel
over 2000-2024. The contribution of the present study lies in this combination and comparison
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rather than in the discovery of an entirely unexplored relationship, and it is offered as an
extension of, rather than a departure from, the existing evidence.

3. Materials and Methods
3.1. Research Design

This study features an unbalanced panel design with observations from countries
throughout Sub-Saharan Africa and across up to 875 country-year observations. The
attributes are available for 605 of 875 observations (69.1%) for adjusted net savings (ANS),
873 (99.8%) for FDI, 770 each for the Energy Infrastructure Composite Index (EICI) and
Energy Poverty Index (EPI), and 784 (89.6%) for institutional quality (INQ). The panel
is not balanced because of substantial missingness in each variable, which we disclose
and do not interpolate away. Following listwise deletion of observations with missing
values across all variables in the full model, the final estimation sample comprised 513
country-year observations from 31 countries, with each country contributing between 9
and 19 annual observations. The full panel was constructed from all 35 SSA countries
for which any AfDB/WDI coverage exists over 2000—2024 (35 countries x 25 years = 875)
country-year observations) [see Appendix A]. The four excluded countries were Burundi,
Central African Republic, Liberia, and Malawi. Of the 31 countries, 30 had at least 10
complete annual observations and were retained for AMG (only Eswatini, with 9 years,
falls short), and 20 had at least 17 complete annual observations and were retained for
CCEMG. Instead of interpolating missing values to get a balanced panel, we simply let the
estimator deal with the unbalanced data (entity-demeaning for FE-DK; listwise deletion for
CCEMG/AMG,; system moment conditions for GMM does not require a balanced panel)
and report coefficients for the data that was actually observed.

3.2. Data Sources, Variable Definitions, and Construction of EICI

Adjusted net savings (ANS), measured as a percentage of Gross National Income
and obtained from the World Bank’s World Development Indicators (WDI), serve as the
dependent variable. ANS captures sustainable development by accounting for physical
capital depreciation, human capital investment, natural resource depletion, particulate
emission damage, and environmental degradation, thereby providing a comprehensive
measure of an economy’s long-term wealth accumulation [7]. Foreign direct investment
(FDI), measured as net inflows (% of GDP), is sourced from the WDI. Following estab-
lished empirical practice, GDP per capita (constant 2015 US$) from the WDI series is
transformed into its natural logarithm (logGDPpc) to control for income effects, while
trade openness, measured as the ratio of exports plus imports of goods and services to
GDP (WDI), controls for external market integration. The Energy Infrastructure Composite
Index (EICI) is constructed from African Development Bank (AfDB) indicators by aggre-
gating electricity access, generation capacity, electricity consumption, transmission losses,
and rural electrification into a standardized index ranging from 0 to 100, where higher
values denote stronger energy infrastructure. Institutional quality (INQ) is measured as
the simple average of the six World Governance Indicators: Government Effectiveness,
Control of Corruption, Regulatory Quality, Rule of Law, Voice and Accountability, and
Political Stability. To avoid the severe multicollinearity associated with the original Energy
Poverty Index (EPI), which was merely a linear rescaling of EICI and generated excessive
variance inflation factors exceeding the conventional threshold of 5 [25], this study instead
employed the mean-centered EICI (EICI = EICI — EICI). The interaction term FDI x EICI
preserves the hierarchical specification, substantially reduces multicollinearity, and enables
the coefficient on FDI to be interpreted as its marginal effect at the sample’s average level
of energy infrastructure.

https://doi.org/10.3390/en19163924


https://doi.org/10.3390/en19163924

Energies 2026, 19, 3924 6 of 18

3.3. Model Specification

The study’s baseline static panel model is presented below:
ANS;; = &g + a1 FDI + 0o EICI 3¢ + o3(FDIy x EICIjt) + a4INQj + o5 log(GDPpc);y + g TradeOpen;y + pj + Tt + €jt (1)

where ; represents the country fixed effects (or their common correlated effects analog
in CCEMG/AMG); 1 represents the year fixed effects, added to Equation (1) to absorb
common shocks such as commodity price cycles, the 2008-09 global financial crisis, and
the COVID-19 period, which affected all SSA economies simultaneously and were not
separately controlled for in the original submission; and j; is the error term, with i indexing
country and t indexing time.

The conditional marginal effect of FDI is:

dANS/JFDI = o + o3-EICI )

A dynamic panel model estimated using System GMM [26] was used to capture some
dynamics not captured by the static specification in Equation (1):

ANS;; = p-ANS; ¢ 1 + 01 FDI; + 0EICI 54 + o3(FDI x EICI3¢) + agINQje + o5 1og(GDPpc); + o TradeOpen;e + i + Tt + €3¢ (3)

The interaction term (FDI x EICI) was explicitly incorporated into both the System
GMM model and the panel quantile regressions to capture the moderating effect of energy
infrastructure on the FDI adjusted net savings nexus. The lagged dependent variable
(ANS;,¢—1) and the endogenous regressors (FDI, EICI, and FDI x EICI) were specified as
GMM-style variables and instrumented using their lagged levels and differences within
the Blundell-Bond system estimator [26,27], whereas institutional quality, log(GDPpc), and
trade openness were treated as exogenous instruments. Instrument construction employed
lags 2—4 for ANS and lags 2-3 for FDI, EICI, and FDI x EICI, with collapsed instruments
and Windmeijer-corrected two-step standard errors to mitigate instrument proliferation and
finite-sample bias. Distributional effects were subsequently examined through two-step
fixed-effects panel quantile regression across the 10th-90th percentiles using country-block
bootstrap standard errors (300 replications) [28-30].

3.4. Empirical Estimation and Pre-Diagnostics Technique
3.4.1. Pre-Estimation Diagnostics

Before estimation, the model underwent a comprehensive set of diagnostic tests to as-
sess its validity and inform estimator selection. Cross-sectional dependence was examined
using the [31] CD test, while panel stationarity was assessed with the Cross-Sectionally
Augmented IPS (CIPS) test [31,32]. Slope heterogeneity was evaluated using the test
from [33], and long-term equilibrium relationships were examined through the [34] error-
correction panel cointegration test. The findings of the CIPS panel statistic were derived as
the cross-sectional average of individual CADF t-statistics on lagged levels, together with
the interpolated based on the relevant N and minimum available Tj. Stationarity decisions
are presented for both levels and first differences, while acknowledging the limited power
of the CIPS test for T; of 20-25 years; consequently, failure to reject the unit-root null is
interpreted cautiously. Multicollinearity was evaluated using variance inflation factors for
the reformulated model. EICI was centered before interaction, reducing all VIFs to below
1.5. Finally, System GMM [35] and panel quantile regression captured dynamic persistence
and distributional heterogeneity, respectively.
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3.4.2. Estimation Methods

To ensure consistent and reliable estimation methods, the current research employed
several panel estimators to address heterogeneity, cross-sectional dependence, endogeneity,
and distributional concerns. The use of fixed effects with Driscoll-Kraay standard errors
(FE-DK) deliver baseline estimates that are robust against heteroskedasticity, serial correla-
tion, and cross-section dependence [36]. Furthermore, CCEMG and AMG estimators allow
accounting for unobserved common factors and heterogeneous slope coefficients across
countries [37,38]. Because the six-regressor specification was more heavily parameterized,
CCEMG mean-group regressions were estimated only for countries with at least 17 annual
observations (leaving sufficient degrees of freedom per country-specific regression), which
yielded 20 countries for CCEMG. AMG used a less restrictive threshold of at least 10 annual
observations, reflecting its fewer augmenting regressors, which yielded 30 countries for
AMG (whose specification uses fewer augmenting regressors). Despite an attempt to use
the CS-ARDL approach, it appeared inappropriate due to insufficient degrees of freedom
and failure of convergence in the models with interaction effects due to the shortness of
the time dimension of the panel. For this reason, two-step system GMM with Windmeijer-
corrected standard errors and collapsed instruments was used to estimate the dynamic
model and control for endogeneity [26]. The [29] panel quantile estimation technique with
country level block bootstrapping was used to address the issue of heterogeneous effects.

4. Results
4.1. Descriptive Statistics and Preliminary Observations

Before considering the regression estimates for formal inference, the complete descrip-
tive statistics of the observations examined are shown in Table 1.

Table 1. Descriptive statistics.

Variable N Mean Std Dev Min Max Coverage (2000-2024)
ANS (adjusted net savings, % GNI) 605 0.859 13.739 —58.537 38.225 605/875 (69.1%)
FDI net inflows (% GDP) 873 3756 7427 ~17292 103337  873/875(99.8%)
Eg;fnergy Infrastructure Composite 770 7249 13.829 0.000 82.376 770/875 (88.0%)
INQ (institutional quality, avg. of 6 WGL gy 577 (550 ~1854  0.870 784/875 (89.6%)

dims)

GDPpc (GDP per capita, constant 2015 US$) 875 1820.431  2053.700 243.077 11,918.805  875/875 (100.0%)
TradeOpen (trade openness, % of GDP) 774 63.789 28.741 16.762 165.049 774/875 (88.5%)

Source: Authors’ computation, 2026.

Based on the descriptive statistics, there is high heterogeneity across sustainable
development, investments, energy infrastructure, and institutional quality in the sampled
Sub-Saharan African countries. The adjusted net savings (ANS) are between —58.5%
and 38.2% of GNI, with a mean of 0.859%. This means that although some countries
had high depletion of natural and produced capital more than gross savings, the overall
average is close to zero, which is characteristic of resource-dependent economies. The ANS
indicator is characterized by the highest number of missing values, with data available
in 605 out of 875 country-year observations (69.1%). The FDI stands at 3.76% of GDP but
with a maximum value of 103.3% due to enclave-style investments linked with large-scale
extractive industries [11,12]. The mean EICI value is low at 7.25, indicating underutilization
of electricity infrastructure capacity in the region, consistent with the paper’s central finding
that energy infrastructure conditions the returns to FDI. Institutional quality (INQ) has a
mean of —0.577 and ranges from —1.854 to 0.870. Its coefficient of variation is high, but
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ANS, FDI and EICI all show larger absolute ranges and, in the case of ANS and FDI, larger
coefficients of variation than INQ.

Sub-Regional Descriptive Statistics and Preliminary Observations

Table 2 provides the regional breakdown of the relevant variables.

Table 2. Sub-regional structural descriptive statistics.

Region Mean ANS  Mean FDI (%) Mean EICI MeanINQ Mean GDPpc Mean TradeOpen
West Africa 1.628 4.329 2.316 —0.633 1052.5 51.25
East Africa —0.968 4.019 3.468 —0.591 706.9 53.01
Central Africa —9.443 4.008 6.178 —1.144 2225.8 69.71
Southern Africa  6.409 2.415 20.044 —0.162 4110.8 90.86
SSA Average 0.859 3.756 7.249 —0.577 1820.4 63.79

Source: Authors’ computation, 2026.

Southern Africa has the highest energy infrastructure (EICI = 20.04), the lowest insti-
tutional quality deficit INQ = —0.162), the highest income and trade openness, and the
highest ANS (6.41), consistent with sustainable accumulation of resources in the region.
Central Africa has the lowest institutional quality (—1.144) and the lowest ANS (—9.44),
indicating continuous capital destruction. West Africa has the highest FDI (4.33% of GDP),
despite low energy infrastructure and low institutional quality, illustrating that investment
inflows alone do not guarantee sustainable development outcomes.

4.2. Pre-Estimation Diagnostic Results
4.2.1. Cross-Sectional Dependence Test

The appropriateness of the second-generation panel data estimator depends on the
presence of cross-sectional dependence and heterogeneous slopes. Table 3 displays the
Pesaran CD test results.

Table 3. Cross-sectional dependence test.

Variable CD Statistic p-Value Inference

ANS 5.965 <0.001 Strong cross-sectional dependence

FDI 6.865 <0.001 Strong cross-sectional dependence
EICI 34.845 <0.001 Very strong cross-sectional dependence
INQ 3.632 <0.001 Significant cross-sectional dependence
GDPpc 54.091 <0.001 Very strong cross-sectional dependence

Source: Authors” computation, 2026.

All variables show strong cross-sectional dependence, consistent with the fact that SSA
economies face common commodity price cycles, shared trading relationships, continent-
wide climate commitments, and correlated external financing conditions [39]. This moti-
vates the use of second-generation panel estimators (FE-DK, CCEMG, AMG) that explicitly
accommodate unobserved common factors. The slope heterogeneity test from Ref. [33] (not
tabulated) also indicates significant parameter heterogeneity across countries, supporting
the use of mean-group estimators (CCEMG, AMG) alongside the pooled FE-DK estimator.

4.2.2. Panel Unit-Root Test

Table 4 reports the corrected CIPS panel unit-root test interpolating critical values and
the resulting decisions.
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Table 4. Unit-root test.
Variable CIPS 5% Crit. Decision CIPS (1st 5% Crit. Decision Order of
(Level) Value (Level) Diff.) Value (1st Diff.) Integration
ANS —2.046 —2.244 Non-stationary = —4.725 —2.244 Stationary I(1)
FDI —3.229 —2.140 Stationary —6.672 —2.140 Stationary 1(0)
EICI —2.028 —2.140 Non-stationary = —4.936 —2.140 Stationary  I(1)
INQ —1.940 —2.140 Non-stationary  —4.775 —2.140 Stationary 1(1)
GDPpc —-1.211 —2.140 Non-stationary  —3.659 —2.140 Stationary 1(1)
TradeOpen  —1.538 —2.241 Non-stationary = —4.759 —2.241 Stationary I(1)

Source: Authors” computation, 2026.

The CIPS results indicate that FDI rejects the unit-root null in levels (CIPS = —3.229), as
the statistic exceeds the 1% critical value (—2.298), and is therefore classified as I(0). This cor-
rects the count-based classification, which understated panel-level evidence for stationarity.
Conversely, ANS, EICI, INQ, GDPpc, and TradeOpen remained non-stationary in levels
but became stationary after first differencing, confirming their I(1) status. Consequently,
the data exhibits a mixed order of integration, comprising both I(0) and I(1) regressors
alongside an I(1) dependent variable. This integration supports the application of FE-DK,
CCEMG, AMG, and System GMM estimators while acknowledging that short panels
(T = 7-24) limit the power of unit-root tests, rendering these classifications informative
rather than conclusive.

4.2.3. Multicollinearity, Dynamic Specification and Distribution Diagnostics

Table 5 reports variance inflation factors for the reformulated model.

Table 5. Variance inflation factors.

VIF (FDI, EICI-Centered, FDI x EICI-Centered,

Variable INQ, logGDPpc, TradeOpen)
FDI 1.17
EICI (centered) 1.41
FDI x EICI (centered) 1.44
INQ 1.24

Source: Authors’ computation, 2026.

Table 5 reports variance in inflation factor (VIF) diagnostics, showing no evidence of
multicollinearity. All explanatory variables have VIF values between 1.17 and 1.44, well
below the conventional threshold of 5 [27,40]. The low VIFs for FDI, EICI (centered), the FDI
x EICI interaction, INQ, log(GDPpc), and TradeOpen indicate minimal linear dependence
among regressors. Consequently, the estimated coefficients are statistically reliable, with
little risk of inflated standard errors due to multicollinearity.

4.3. Regression Analysis Results
4.3.1. Static Panel Regression Results
Table 6 shows the static panel estimation of Equation (1) with country and year fixed

effects, the FDI x EICI(centered) interaction explicitly reported, and the expanded control
set for FE-DK, CCEMG and AMG.
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Table 6. Static panel regression results.

. FE-DK Coef. CCEMG Coef. AMG Coef.
Variable (SE) t-Sta p-Val (SE) t-Val p-Val (SE) t-Val p-Val
FDI 0.3866 (0.1411) 2.739 0.006 *** 0.035 (0.418) 0.085 0.933 —0.144 (0.279) —0.516 0.610
EICT —0.9373 - B B B
(centered) (0.1354) —6.920 0.000 2.738 (9.451) 0.290 0.775 3.815 (3.293) 1.158 0.256
FDI > EICI 0.2078 (0.0305) 6.811 0.000 *** 1.505 (2.300) 0.654 0.521 1.168 (1.208) 0.966 0.342
(centered)
INQ 16538 (3233) 5115 0.000 *** (_1;21%2 0830 0417 9.684 (6.825) 1.419 0.167
log(GDPpc)  —1.003 (9.234) —0.109 0.914 26.069 (14.002) 1.862 0.078 * 20.767 (9.666) 2.148 0.040 **
TradeOpen (6%12231 —2.432 0.015 ** —0.127 (0.107) —1.192 0.248 —0.042 (0.046) —0.902 0.375
Country &
Year FE Yes CS-averages AMG factor
Observations 513 369 483
Countries 31 20 30

Source: Authors’ computation, 2026. *** p < 0.01, ** p < 0.05, * p < 0.10.

The baseline estimates from the FE-DK, CCEMG, and AMG estimators in Table 6,
provide a comprehensive assessment of the relationships among foreign direct invest-
ment (FDI), the Energy Infrastructure Capacity Index (EICI), and sustainable development.
The FE-DK results reveal that FDI exerts a positive and statistically significant effect on
sustainable development (3 = 0.3866, p < 0.01), implying that increased foreign invest-
ment enhances sustainable development outcomes. However, the coefficient on EICI is
negative and highly significant (f = —0.9373, p < 0.01), suggesting that improvements in
energy infrastructure capacity alone do not automatically translate into gains in sustainable
development. This finding may reflect the dominance of carbon-intensive energy sys-
tems, institutional inefficiencies, or unequal access to energy infrastructure across African
economies. Importantly, the interaction between FDI and EICI is positive and highly
significant ( = 0.2078, p < 0.01), indicating that energy infrastructure strengthens FDI's
development-enhancing effects. This complementary relationship implies that countries
with stronger energy infrastructure are better positioned to absorb foreign investment, facil-
itate technology diffusion, enhance productive efficiency, and promote inclusive sustainable
development.

Institutional quality (INQ) also exerts a strong positive influence under FE-DK
(B = 16.538, p < 0.01), highlighting the critical role of effective governance in translat-
ing investment and infrastructure into broader development outcomes. Conversely, trade
openness exhibits a negative and significant coefficient (3 = —0.1084, p < 0.05), suggesting
that greater trade integration, in the absence of adequate productive capacity and value
addition, may undermine sustainable development by increasing import dependence or
creating unequal trade structures. The coefficient of economic development, measured by
log(GDPpc), is statistically insignificant under FE-DK but becomes positive and significant
in the AMG specification (f = 20.767, p < 0.05) and marginally significant under CCEMG
(B = 26.069, p < 0.10), indicating that income improvements contribute to sustainable
development once cross-sectional heterogeneity is explicitly accommodated.

The CCEMG and AMG estimators generally yield statistically insignificant coefficients
for FDI, EICI, the interaction term, institutional quality, and trade openness, although the
estimated signs remain largely consistent with the FE-DK results. These differences likely
reflect the more conservative nature of heterogeneous estimators, the smaller effective sample
sizes, and their explicit treatment of unobserved common factors. Nevertheless, the consistent
positive interaction between FDI and energy infrastructure across all estimators reinforces the
conclusion that strengthening energy infrastructure enhances the developmental benefits of
foreign investment, even where individual coefficients lose statistical precision.
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4.3.2. Conditional Marginal Effect Result

Table 7 reveals that the sustainable development effect of FDI is strongly contingent on
the level of energy infrastructure. At low energy infrastructure (EICI = 0.41), FDI exerts a
significant negative effect on adjusted net savings (ANS) ( = —1.205, p < 0.001), implying
that inadequate infrastructure constrains productive investment and weakens sustainability
outcomes. At the sample mean (EICI = 8.07), the marginal effect becomes positive and
significant (3 = 0.387, p = 0.006), while at high infrastructure levels (EICI = 16.54), the positive
impact strengthens substantially (3 = 2.148, p < 0.001). These findings demonstrate that robust
energy infrastructure transforms FDI into a catalyst for sustainable development.

Table 7. Conditional marginal effect of FDI on ANS at low, average and high energy infrastructure
(FE-DK).

Energy Infrastructure Marginal o
Level EICI Value Effect of FDI SE V4 p-Val 95% CI
Low (10th percentile) 0.41 —1.205 0.254 —4.741 <0.001 [—1.704, —0.707]
Average (sample mean) 8.07 0.387 0.141 2.739 0.006 [0.110, 0.663]
High (90th percentile) 16.54 2.148 0.313 6.870 <0.001 [1.535,2.761]
Source: Authors’ computation, 2026.
Figure 1 illustrates the conditional marginal effect of FDI on adjusted net savings (ANS)
across low, average, and high levels of energy infrastructure (EICI), together with 95%
confidence intervals. The marginal effects are computed as )ANS/dFDI = & + &3 x EICI
(Equation (2)), using the FE-DK coefficient estimates and covariance matrix reported in
Table 6. Standard errors and confidence intervals are derived using the delta method,
enabling statistical inference on the conditional effect of FDI across different levels of
energy infrastructure.
Conditional Marginal Effect of FDI on ANS, by Energy Infrastructure (FE-DK, 95% Cl)
2.5
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Figure 1. Conditional marginal effects of FDI on adjusted net savings. Source: Authors” computation,
2026.

4.3.3. Dynamic System GMM Results

Table 8 reports the dynamic System GMM results (Equation (3)), now including the
FDI x EICI (centered) interaction and full model-validity diagnostics (instrument count,
number of countries and observations, and AR(1)/AR(2)/Hansen tests).
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Table 8. Dynamic System GMM results.

Variable/Diagnostic Coefficient/Value Corrected SE z-Statistic p-Value
Dependent variable: ANS
L1.ANS 0.7962 0.0872 9.132 0.000 ***
FDI —0.6617 0.2771 —2.388 0.017 **
EICI (centered) —0.4909 0.3690 —1.330 0.183
FDI x EICI (centered) 0.0973 0.0876 1.111 0.267
INQ 1.3938 1.1660 1.195 0.232
log(GDPpc) —0.8005 0.7889 —1.015 0.310
TradeOpen 0.0112 0.0241 0.465 0.642
Constant 8.8610 5.5532 1.596 0.111
Model diagnostics
Number of observations 447
Number of countries (groups) 31
Number of instruments 17
Instrument-to-group ratio 0.55
GMM-style instruments (ANS) Lags 2—4 (collapsed)

GMM-style instruments (FDI, EICI(c),

FDI X EICI(c))

Standard (I'V-style) instruments

Hansen test
Arellano-Bond AR(1)
Arellano-Bond AR(2)

Lags 2-3 (collapsed)

INQ, log(GDPpc),

TradeOpen

x2(9) = 5.907 0.749
z=—2437 0.015 **
z = 0.655 0.512

Source: Authors’ computation, 2026. Note: **, *** indicate significance 5% and 1% respectively.

Two-step System GMM estimation following Blundell-Bond [26], with Windmeijer-
corrected standard errors [27] and collapsed instruments [28], was employed to address
endogeneity and dynamic persistence. ANS, FDI, EICI (centered), and the FDI x EICI
(centered) interaction was specified as endogenous/predetermined variables using GMM-
style instruments, whereas INQ, log(GDPpc), and TradeOpen were treated as exogenous
with standard instruments. The diagnostic tests confirmed model validity. Specifically, the
Hansen test failed to reject the null of valid instruments (p = 0.749), the AR(2) test indicated
no evidence of second-order serial correlation (p = 0.512), and the significant AR(1) statistic
(p = 0.015) was consistent with the expected first-differenced specification. Moreover,
the instrument count (17) remained well below the number of countries (31), avoiding
instrument proliferation through the collapsed-instrument strategy [28]. The estimated
autoregressive coefficient revealed substantial persistence in adjusted net savings (p = 0.796,
p < 0.001), indicating that current sustainability performance is strongly influenced by past
outcomes. FDI exerted a negative and statistically significant effect (—0.662, p < 0.05) at the
sample-average level of energy infrastructure, consistent with the FE-DK marginal effect
reported for low-to-average EICI. Although the FDI x EICI (centered) interaction remained
positive, it is statistically insignificant (p = 0.267), reflecting limited within-country temporal
variation in EICI. Likewise, EICI (centered), INQ, log(GDPpc), and TradeOpen remained
statistically insignificant after controlling dynamic persistence.

4.3.4. Joint Significance of FDI and FDI x EPI

Table 9 reports Wald and F-tests of the joint significance of FDI and the interaction
term for each mean-group/pooled estimator, updated for the corrected specification.
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Table 9. Wald and F-test.

Estimator Wald x2(2) p %) F(2, N-2) p (F)
FE-DK 49.398 <0.001 *** - -

CCEMG 0.496 0.780 0.235 0.793
AMG 1.903 0.386 0.919 0.411

Source: Authors’ computation, 2026. Note *** p < 0.01 indicates significance at 1%.

FE-DK Wald tests employed the Driscoll-Kraay covariance matrix, whereas CCEMG/AMG
Wald and F-tests used the cross-country covariance of country-specific coefficients, consistent
with the mean-group approach of [41]. The joint null was decisively rejected under FE-DK
(x* = 4940, p < 0.001), but not under CCEMG or AMG (p > 0.35), reflecting degrees-of-
freedom constraints.

4.4. Distributional Heterogeneity: Panel Quantile Results

Table 10 reports the panel quantile results [29] using the two-step estimator including
the FDI x EICI (centered) interaction and the expanded control set at five quantiles of the
conditional distribution of ANS.

Table 10. Panel quantile results.

Variable q=0.10 q=025 q = 0.50 (Median) q=0.75 q=0.90

FDI 0.209 (p = 0.200) 0355 (p=0013%) 0387 (p<0.001*%)  0372(p=0024*% 0290 (» = 0.332)
EICI (centered) —0.525 (p = 0.276) 0437 (p = 0.435) —0472 (p = 0.321) 0806 (p=0.079%  —0.563 (p = 0.315)
izrllt:rfé)a 0275 (p=0.039*) 0232 (p=0.100" 0.187 (p = 0.075 *) 0224 (p=0.021%) 0211 (p=0210)
INQ 19237 (p <0.001 %) 16306 (p <0.001 %) 15142 (p <0.001 **) 15682 (p <0.001**)  12.614 (p < 0.001 )
log(GDPpc) 0914 (p = 0.323) 0,059 (p = 0.948) ~0.879 (p = 0.150) 1284 (p = 0.228) 0.542 (p = 0.808)
TradeOpen Z0.146 (p < 0.001 %) —0.132 (p <0.001*¥)  —0.111 (p <0.001*¥)  —0.093 (p <0.001 ™%  —0.056 (» = 0.377)

Source: Authors’ computation, 2026. *** p < 0.01, ** p < 0.05, * p < 0.10. respectively.

The quantile regression results reveal that the interaction term, FDI x EICI (centered),
is positive across all five quantiles and statistically significant at the 10th, 25th, 50th, and
75th quantiles, demonstrating that the moderating role of energy infrastructure extends
beyond the conditional mean to most segments of the conditional distribution of adjusted
net savings (ANS). This distributional heterogeneity underscores the value of explicitly
modeling interaction effects within quantile specifications, as relationships and conditional
effects may vary systematically across the outcome distribution [42]. Furthermore, FDI
exerts a positive influence across all quantiles and is statistically significant at the 25th,
50th, and 75th quantiles, indicating stronger effects in the central distribution. Institutional
quality (INQ) remains positive, substantial, and highly significant throughout all quantiles,
confirming its position as the most distributionally robust driver of sustainable develop-
ment within the sample. By contrast, trade openness exhibits a negative and statistically
significant effect across the lower and middle quantiles.

4.5. Relating Evidence to Real Development Challenges

The empirical findings provide compelling evidence that sustainable development
in Sub-Saharan Africa (SSA) depends not merely on attracting foreign direct investment
(FDI) but on the institutional and infrastructural conditions that enable foreign capital to
generate long-term productive gains. Across alternative estimation techniques, institutional
quality is the only determinant that consistently shows a positive and statistically signifi-
cant relationship with adjusted net savings (ANS), whereas the effects of FDI and energy
infrastructure vary across estimators and with the conditional distribution of sustainable
development. The robustness of institutional quality estimates across FE-DK, System GMM,
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and panel quantile approaches suggests that governance is the principal transmission mech-
anism through which investment, infrastructure, and economic resources translate into
sustainable development outcomes. This finding is consistent with previous studies empha-
sizing that strong institutions enhance regulatory effectiveness, reduce transaction costs,
improve resource allocation, strengthen investor confidence, and facilitate the diffusion of
productivity-enhancing technologies throughout host economies [3,6,9,10,43,44].

The distributional evidence further reinforces this conclusion. Institutional quality
remains highly significant across every quantile of the ANS distribution, implying that
its developmental contribution is not confined to relatively high-performing economies
but extends equally to countries with weak sustainability performance. In contrast, the
interaction between FDI and energy infrastructure is positive across all quantiles but sta-
tistically significant primarily within the lower and middle segments of the distribution,
indicating that improvements in energy infrastructure strengthen the developmental con-
tribution of FDI in most, although not all, institutional settings. Similarly, FDI exhibits
significant positive effects primarily around the central distribution of ANS, indicating
that foreign investment alone cannot guarantee sustainable development when domestic
absorptive capacity remains inadequate. These findings lend empirical support to the
absorptive-capacity hypothesis, which argues that the developmental benefits of FDI de-
pend critically on complementary domestic conditions rather than the volume of capital
inflows alone [3,6,8].

The results closely mirror contemporary development realities across SSA, with Nige-
ria vividly illustrating this paradox. Despite being one of the continent’s largest recipients
of FDI, the country continues to experience relatively weak adjusted net savings along-
side persistent electricity shortages, institutional weaknesses, regulatory uncertainty, and
governance challenges. Under such conditions, foreign investment frequently remains con-
centrated in capital-intensive extractive industries with limited domestic linkages, modest
technology spillovers, and weak contributions to long-term wealth accumulation, thereby
constraining sustainable development despite substantial investment inflows [4,5]. Con-
versely, countries such as Mauritius, Rwanda, and, to a lesser extent, South Africa exhibit
comparatively stronger institutional environments and more reliable energy systems, en-
abling them to capture greater developmental benefits from investment through improved
productivity, policy credibility, and enhanced private-sector participation. These regional
experiences reinforce the empirical finding that governance and complementary infras-
tructure jointly determine whether foreign capital contributes to sustainable development
rather than merely increasing investment statistics.

5. Conclusions and Policy Recommendations

This study investigates whether energy infrastructure conditions the effects of foreign
direct investment (FDI) on sustainable development in Sub-Saharan Africa (SSA), using an
unbalanced panel of 31 countries covering 2000-2024. Unlike previous studies that treat
energy infrastructure as a control variable, this study explicitly models it as a moderator of
the FDI-sustainable development relationship through an interaction term. Sustainable
development is measured using adjusted net savings (ANS), providing a comprehensive in-
dicator of long-term wealth accumulation that incorporates produced, human, and natural
capital. To ensure robust inference, the analysis employs complementary second-generation
panel estimators, including fixed effects with Driscoll-Kraay standard errors (FE-DK), Com-
mon Correlated Effects Mean Group (CCEMG), Augmented Mean Group (AMG), System
Generalized Method of Moments (System GMM), and panel quantile regression, thereby
accounting for cross-sectional dependence, slope heterogeneity, endogeneity, dynamic
persistence, and distributional heterogeneity.
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The results demonstrate that the developmental contribution of FDI depends critically
on the quality of domestic energy infrastructure. Although the effects of FDI vary across
estimators, the conditional marginal effect analysis reveals a clear nonlinear relationship
such that FDI negatively affects sustainable development where energy infrastructure is
weak, becomes positive at average infrastructure levels, and yields substantially stronger
sustainability gains where energy infrastructure is well developed. The positive interaction
between FDI and energy infrastructure across most quantiles further confirms that stronger
energy systems enhance countries’ capacity to transform foreign investment into sustain-
able long-term development. These findings support the absorptive-capacity hypothesis,
suggesting that the developmental benefits of FDI depend not merely on the volume
of investment but on complementary infrastructure that facilitates technology transfer,
productivity improvements, and structural transformation.

Institutional quality emerges as the most robust determinant of sustainable devel-
opment. It remains positive and statistically significant across all static estimators and
throughout the conditional distribution of ANS, underscoring the importance of gover-
nance in improving regulatory quality, resource allocation, investor confidence, and the
efficient utilization of both public investment and foreign capital. Consequently, gover-
nance reforms represent the most effective policy instrument for strengthening sustainable
development outcomes.

The findings suggest that policies aimed solely at attracting larger FDI inflows are
unlikely to deliver sustainable development without simultaneous investments in reliable
energy infrastructure and stronger institutions, hence the need for governments to prioritize
high-quality FDI that promotes technology transfer, renewable energy, local value addition
and stronger domestic linkages while expanding electricity generation, transmission and
distribution systems. Also, regional cooperation through institutions such as the African
Union and AfCFTA should support coordinated energy infrastructure development and
investment governance to sustain the region’s development.

6. Limitations and Future Research

Future research should utilize firm-level or sectoral data, investigate nonlinear infras-
tructure thresholds, distinguish renewable from non-renewable energy infrastructure, and
incorporate additional structural factors, including digital infrastructure, innovation, finan-
cial development and human capital, to further explain how FDI contributes to sustainable
development in Sub-Saharan Africa, considering the limitations of this study.
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Appendix A. List of Countries in the Estimation Sample

Table Al lists all 35 SSA countries with AfDB/WDI coverage over 20002024, together
with the estimation sample(s) each is retained in, computed directly from the analysis dataset.

Table Al. Country-level data completeness and sample eligibility for AMG and CCEMG estimations.

Yrs (All 6 vars

Full Sample

AMG, >10 yrs

CCEMG, >17 yrs

Country Region Complete) (N = 31) (N = 30) (N = 20)
Angola Southern Africa 19 Yes Yes Yes
Benin West Africa 18 Yes Yes Yes
Botswana Southern Africa 19 Yes Yes Yes
Burkina Faso West Africa 15 Yes Yes No
Burundi East Africa 0 No No No
Cameroon Central Africa 19 Yes Yes Yes
Central African Republic Central Africa 0 No No No
Cote d'Ivoire West Africa 16 Yes Yes No
]tieenéooiggc Republic of Central Africa 17 Yes Yes Yes
Eswatini Southern Africa 9 Yes No No
Ethiopia East Africa 11 Yes Yes No
Gabon Central Africa 12 Yes Yes No
Gambia West Africa 19 Yes Yes Yes
Ghana West Africa 19 Yes Yes Yes
Kenya East Africa 19 Yes Yes Yes
Lesotho Southern Africa 14 Yes Yes No
Liberia West Africa 0 No No No
Madagascar East Africa 19 Yes Yes Yes
Malawi East Africa 0 No No No
Mali West Africa 18 Yes Yes Yes
Mauritius Southern Africa 19 Yes Yes Yes
Mozambique East Africa 17 Yes Yes Yes
Namibia Southern Africa 19 Yes Yes Yes
Niger West Africa 18 Yes Yes Yes
Nigeria West Africa 19 Yes Yes Yes
Republic of the Congo Central Africa 16 Yes Yes No
Rwanda East Africa 12 Yes Yes No
Senegal West Africa 16 Yes Yes No
Sierra Leone West Africa 18 Yes Yes Yes
South Africa Southern Africa 18 Yes Yes Yes
Tanzania East Africa 18 Yes Yes Yes
Togo West Africa 18 Yes Yes Yes
Uganda East Africa 19 Yes Yes Yes
Zambia East Africa 11 Yes Yes No
Zimbabwe Southern Africa 12 Yes Yes No

Source: Authors” compilation, 2026.
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