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This study explores the fiscal sustainability of public investment in renewable energy 
across 44 countries from 2000 to 2023, employing the IV 2SLS model. The findings 
indicate that government investment in renewable energy and the expansion of its 
production capacity increase government debt, while greater renewable energy 
consumption reduces it. Therefore, governments in these countries should adopt a 
cautious and calibrated approach to investing in renewable energy and actively 
encourage green energy consumption as a clear policy choice. 

I. Introduction   

Climate change poses a critical global issue, impacting 
the environment, economy, and human well-being through 
global warming, extreme weather events, and energy in
security. Each 1°C increase in global warming costs the 
world 12% of its incremental GDP (World Economic Forum, 
2024), underscoring the fiscal burden. Therefore, address
ing climate change is not merely an environmental concern 
but also a fiscal necessity. According to the United Nations 
(2022), fossil fuels are the key factor in climate change. 
Additionally, fossil fuel sources are subject to geopolitical 
supply shocks and price volatility compared to renewable 
energy (International Energy Agency, 2023). Despite this, 
around US$7 trillion was allocated in 2022 to subsidize 
fossil fuels, while attaining carbon neutrality by 2050 re
quires spending US$4.5 trillion per year in renewable en
ergy investment until 2030, potentially saving US$4.2 tril
lion yearly through reduced pollution impacts and costs 
(United Nations, 2025). Thus, transitioning to renewable 
energy is a sustainable alternative energy source. As a re
sult, the world is rechanneling investment flows to renew
able energy technologies to attain the goals of the Paris 
Agreement (Intergovernmental Panel on Climate Change, 
2014). However, significant capital investment is needed 
for renewable energy technologies compared to fossil fuels 
(Hirth & Steckel, 2016), and the associated investment risks 
often deter large-scale private investment in this sector 
(Energiewende, 2018). 

Given these challenges, understanding the fiscal impli
cations of renewable energy adoption is essential. Prior 

studies have analyzed the impact of investment in renew
able energy on public debt levels, including both fiscal 
stress (Auteri et al., 2024; Khan et al., 2025) and fiscal sav
ings through a reduction in public subsidies (Auteri et al., 
2024; Taghizadeh-Hesary & Rasoulinezhad, 2025). How
ever, the specific effect of public investment in this sector 
on government debt remains underexplored. To address 
this research gap, the present study examines whether pub
lic investment in renewable energy is fiscally sustainable 
or contributes to rising government debt. It adopts a com
prehensive framework that links renewable energy invest
ment, public debt, and macroeconomic conditions to pro
vide a more holistic understanding. In doing so, the study 
offers empirical evidence to inform the ongoing debate on 
balancing environmental and fiscal sustainability. 

The reminder of the paper is organized as follows. Sec
tion II provides a review of the literature, Section III dis
cusses the methodology and data used in this study, fol
lowed by Section IV which presents main findings. The final 
section concludes the paper. 

II. Literature Review and Conceptualization      

The study by Khan et al. (2025) demonstrates that while 
both renewable energy intake and output benefit the en
vironment, they often lead to increased public debt levels. 
Auteri et al. (2024) find a bidirectional relationship: public 
investment in renewable energy raises government debt, 
and rising debt, in turn, negatively affects investment in re
newable energy infrastructure and consumption. From an 
investment perspective, Hirth & Steckel (2016) highlight 
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Figure 1. Conceptual framework   
Note: The Figure depicts the conceptual framework of the study. 

the capital-intensive nature of renewable energy invest
ments, while Energiewende (2018) notes the high invest
ment risks in this sector, which discourage private invest
ment and thus increase the burden on public finances. 

In contrast, Taghizadeh-Hesary & Rasoulinezhad (2025) 
suggest that increasing renewable energy consumption can 
alleviate fiscal burdens by reducing fossil fuel subsidies, im
port costs, and pollution-related expenses, implying long-
term fiscal gains despite initial costs. This aligns with 
Pigouvian externality theory, which posits that policies 
promoting clean energy help internalize environmental 
costs and thereby reduce future fiscal burdens associated 
with pollution and fossil fuel dependence. 

Economic expansion can further support this transition. 
Gozgor et al. (2020) find that growing economies are more 
likely to adopt renewable energy over conventional sources. 
Yang et al. (2019) emphasize the need for calibrated public 
investment and subsidies in this sector. Broader macroeco
nomic factors, such as interest rates (Adrian et al., 2024) 
and exchange rates (Ouhibi & Hammami, 2020), also influ
ence government debt and the capacity to finance renew
able energy investments. 

Although these studies offer valuable insights, few ex
plicitly examine how government investment in renewable 
energy affects fiscal outcomes. Building on these studies, 
the conceptual framework (Figure 1) illustrates the hypoth
esized relationships among government investment in re
newable energy, macroeconomic variables, and government 
debt. 

III. Data and Methodology     

The study uses an annual dataset (2000–2023) for a 
panel of 44 countries selected based on data availability. 
Table 1 describes the variables. In this study, GD is the de
pendent variable and PIR, REC, RECON, GE, IF, ER, GDP, RI 
and TR are explanatory variables.1 Based on the evidence 
from Pesaran’s cross-sectional dependence (CD) test (Pe
saran, 2021), we observed that our panel is cross-section

ally dependent, which prompts us to use the CIPS test to 
check for stationarity (Pesaran, 2007). The CIPS test con
firms stationarity at first difference. We then employ the 
Pedroni cointegration test (Pedroni, 2004), which indicates 
a long-term association among variables. Furthermore, the 
study performs several relevant diagnostic tests: the VIF 
test to check for multicollinearity, the Wooldridge test to 
check for autocorrelation, the modified Wald test to as
sess group-wise heteroskedasticity, and the Hausman Test 
(Hausman, 1978) to choose between fixed and random ef
fects models. The Durbin-Wu-Hausman test confirms that 
PIR and REC are endogenous. To address endogeneity, the 
study deploys the IV two-stage least squares (2SLS) 
method, which provides consistent results in the presence 
of endogeneity. 

Selecting instruments for the endogenous variables is 
challenging, as an external instrument may create weak in
strument issues if it is not correlated with the endogenous 
variables. Therefore, the study constructs an instrumental 
variable by taking lagged values of the endogenous vari
ables (Azam et al., 2020), using the second lag of the en
dogenous variable as an instrument, as recommended by 
Hossain (2024). To ensure the instruments are valid and 
strong, this study employs the Kleibergen-Paap test and 
the Cragg-Donald-Wald F statistic (Cragg & Donald, 1993), 
both of which should exceed the Stock-Yogo threshold 
(Stock & Yogo, 2005). These diagnostic statistics confirm 
that the instrumental variables are correlated with the en
dogenous variables and are strong IVs. Additionally, to en
sure the robustness of the findings from the IV 2SLS 
method, we use the Control Function Approach (CFA), 
which addresses the endogeneity problem (Wooldridge, 
2015). This method involves estimating the regression be
tween the endogenous variables and their instruments and 
including the residuals in the main equation, providing an 
additional robustness check. 

The structural equation estimated using the IV 2SLS ap
proach is as follows: 

All variables are described in detail in Table 1. 1 
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Table 1. Description of variables used in this study and summary statistics           

Variables Description Source Mean SD Min. Max. VIF 

Government 
Gross Debt 
(GD) 

It comprises liabilities in domestic 
and foreign – currency, deposits, 
securities, and loans (% of GDP). 

WDI 3.761 0.611 1.169 5.879 NA 

Public 
investment in 
renewable 
(PIR) 

Investment in debt, equity, and 
grants (amount in 2020 USD 
million). 

IRENA 8.808 0.131 6.907 10.342 1.130 

Consumption 
of Renewable 
Energy 
(RECON) 

Shares out of total consumption of 
final energy (%). 

WDI 3.060 1.123 0.000 4.532 1.740 

Renewable 
Energy 
Production 
Capacity 
(REC) 

Renewable energy shares out of 
total electricity capacity (%) 

IRENA 3.327 1.077 0.000 4.619 1.670 

GDP growth 
(GDP) 

Annual GDP growth rate in 
constant local currency at market 
prices. 

WDI 3.274 0.111 2.777 4.031 1.010 

Inflation (IF) Percentage change in consumer 
price index(annually). 

WDI 3.537 0.195 1.560 5.521 1.060 

Real interest 
rate (RI) 

Inflation-corrected lending interest 
rate based on GDP deflator. 

WDI 4.000 0.120 3.518 4.559 1.110 

Official 
exchange rate 
(ER) 

Yearly official exchange rate, based 
on averages at monthly rates (local 
currency per U.S. dollar). 

WDI 3.331 2.481 -0.343 10.076 1.070 

Government 
Effectiveness 
(GE) 

Index ranking quality of the 
country’s public services, scaled 
from 0 to 100) 

WGI 4.829 0.217 0.000 4.619 1.150 

Trade (TR) Total imported and exported value 
of goods & services (% of GDP) 

WDI 4.255 0.458 3.066 5.395 1.210 

Note: This table provides details of all variables used in this study along with the descriptive statistics. Here, variables are in the natural logarithmic form. WDI, WGI, and IRENA rep
resents World Development Indicators, World Governance Indicators, and International Renewable Energy Agency, respectively. Max., Min., and SD stand for maximum, minimum, 
and standard deviation, respectively. 

Subscripts  and  represents cross-sections and time peri
ods, respectively. Further,  is the intercept term and 

 represent the elasticity parameters to be 
estimated, and  is the independent and identically (i.i.d.) 
error term. 

IV. Results   

Table 1 presents the descriptive statistics. It is observed 
that all variables have a positive mean. Variables such as 

, , and  exhibit relatively higher variability 
compared to variables namely,  , and . Log 
transformations have been applied to all variables for reli
able interpretation, as this reduces the influence of outliers 
and skewness. The VIF test indicates the absence of multi
collinearity. 

Table 2 details various pre-diagnostic test results. The 
findings show cross-sectional dependence in the panel, 
prompting the use of the second-generation panel unit root 
test (CIPS). All variables become stationary after first-dif

ferencing. The Pedroni panel cointegration test (Pedroni, 
2004) validates the existence of a long-term equilibrium re
lationship among the variables. 

Table 3 provides insightful evidence concerning the fis
cal implications of government expenditure on renewable 
energy. Findings from the IV 2SLS model indicate that 
(0.863) significantly increases government debt, reflecting 
the large initial expenditures associated with developing 
renewable infrastructure such as wind farms, solar parks, 
and grid systems. In contrast,  (-0.087) shows a 
statistically significant negative relationship with public 
debt, indicating that high consumption of renewable en
ergy may reduce reliance on fossil fuels, thereby lowering 
fossil fuel-related expenses on subsidies and imports. This 
is consistent with the findings of Taghizadeh-Hesary & 
Rasoulinezhad (2025).  (0.173) is found to be posi
tively related to government debt accumulation, suggesting 
that renewable energy capacity expansion in these coun
tries has been led by the government, putting pressure on 
the fiscal position due to the high capital intensity of such 
investments, which aligns with the findings of Khan et al. 
(2025).  (-0.733) is negatively associated with public 
debt, indicating that stronger economic performance im
proves fiscal space.  (0.679) shows a positive effect on 
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Table 2. Outcome of CD and CIPS unit root test and cointegration test            

Variable Obs. Pesaran CD test CIPS test 

Statistics Value Level First Difference 

lnGD 1,056 35.590*** -2.553* -4.108*** 

lnPIR 1,056 12.540*** -3.371 *** -5.245*** 

lnRECON 1,056 20.550*** -2.189 -4.336 *** 

lnREC 1,056 17.610*** -2.582 * -4.375 *** 

lnGDP 1,056 20.460*** -4.348*** -6.018 *** 

lnGE 1,056 -2.080** -2.639 * -4.929 *** 

lnTR 1,056 24.960*** -2.440 -4.140*** 

lnIF 1,056 36.130*** -3.476 *** -5.010*** 

lnRI 1,056 25.190*** -3.663*** -5.322 *** 

lnER 1,056 57.750*** -2.326 -3.242 *** 

Pedroni cointegration test Statistics 

Panel Phillips-perron t -28.756*** 

Note: This table provides results obtained from CD, CIPS, and cointegration tests. Here, *, **, and *** denotes statical significance at 10%, 5%, and 1% level, respectively. Here, Obs 
denotes observations. 

government debt, reflecting that efficiency in governance 
can build public confidence, allowing the government to 
undertake large-scale public investments and finance them 
through debt. Both  and  are positively related to 
public debt levels, whereas real interest rate is negatively 
related. This is consistent with theoretical foundations, 
which suggest that high borrowing costs discourage ex
cessive public debt accumulation.  does not show any 
statistically significant relationship with government debt 
level. All findings are confirmed by the CFA model as well, 
which demonstrates robustness. 

V. Conclusion   

This study documents that government investment and 
green energy capacity expansion increase government debt, 
primarily due to high initial upfront costs. In contrast, 
higher renewable energy consumption appears to con
tribute to a reduction in public debt through lower fossil 
fuel subsidies and import expenses. Economic growth, 
trade, and real interest rates are found to support fiscal 
space, while factors such as inflation, exchange rate, and 
government effectiveness raise government debt levels. 

The findings of the study suggest several policy impli
cations. First, governments in these countries should adopt 
a cautious and calibrated approach to public investment 
and capacity expansion in renewable energy. Second, mea
sures such as consumption-based subsidies and tax incen
tives should be promoted to encourage renewable energy 
consumption. Third, investment strategies should include 
risk mitigation techniques like inflation-indexed financing 
and currency hedging. Finally, these strategies should be 
coupled with growth-promoting policies, energy-efficient 
initiatives, and skill development programs. 

Despite providing important policy insights, the study 
has limitations. We considered only 44 countries world
wide, depending on the availability of data for all key vari
ables, which may result in selection bias. The analysis fo

cused solely on public investment, overlooking the role of 
the private sector. Future studies should explore sector-
specific dynamics (such as solar and wind) and conduct 
cost-benefit analyses across different segments. 

This study offers timely evidence on how green invest
ments and fiscal sustainability interact. It highlights how 
well-calibrated renewable energy policies can simultane
ously advance environmental goals and strengthen public 
finances, thereby contributing to the fiscal–environmental 
sustainability debate at a critical juncture. 
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Table 3. Result of IV 2SLS and CFA model        

Variables IV-2SLS Model CFA Model (Robustness) 

Coefficients Coefficients 

lnPIR 0.863** 
(0.304) 

0.863*** 
(0.198) 

lnRECON -0.087*** 
(0.021) 

-0.087*** 
(0.027) 

lnREC 0.173*** 
(0.027) 

0.173*** 
(0.027) 

lnGDP -0.733*** 
(0.243) 

-0.733*** 
(0.240) 

lnGE 0.679** 
(0.139) 

0.687** 
(0.171) 

lnIF 0.281 
(0.107) 

0.281 
(0.193) 

lnTR -0.079** 
(0.051) 

-0.079** 
(0.037) 

lnRI -0.534*** 
(0.195) 

-0.534*** 
(0.190) 

lnER 0.027*** 
(0.007) 

-0.027** 
(0.009) 

Constant -3.694* 
(2.751) 

-3.694* 
(2.134) 

Diagnostic Tests 

Tests Test Statistics 

Poolability Test F (43,1003) =56.500*** 

Wooldridge test F (1,43) = 115.361*** 

Modified Wald Test χ2(52) = 13207.710*** 

Hausman Test χ2(8) = 63.680*** 

Multicollinearity Test Mean VIF = 1.240 

Cragg-Donald Wald F statistic 136.225 > 7.030 

Kleibergen–Paap rk LM statistic χ² = 31.69*** 

Kleibergen–Paap rk Wald F statistic 16.53> 7.030 

Durbin Wu-Hausman test χ2(2) = 18.347*** 

Note: This table presents results of IV-2SLS and CFA methods, and as well as diagnostic test findings. Here, *, **, and *** denotes statical significance at 10%, 5%, and 1% level, re
spectively. Values reported in parenthesis are standard errors. Here, at 10% maximal IV size, the weak identification test (Stock-Yogo) shows a critical value of 7.03 (Source: Stock-
Yogo (2005)). 
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