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Introduction
The rapid industrialization and economic growth experienced 
by the Philippines have brought about substantial changes in 
energy consumption patterns and environmental impacts. 
With the nation’s commitment to sustainable development and 
climate change mitigation, it is crucial to understand the com-
plex relationships between CO2 emissions, electricity con-
sumption, fossil fuels, FDI, GDP, and renewable energy. The 
Philippines, a Southeast Asian archipelago, has experienced 
rapid economic growth and industrialization over the past few 
decades. This growth has significantly increased the country’s 
energy consumption, predominantly from fossil fuels, leading 
to increased carbon dioxide (CO2) emissions.1,2 As the global 
community intensifies efforts to combat climate change, 
understanding the factors contributing to CO2 emissions in 
developing countries like the Philippines becomes crucial. The 
interplay between economic activities, energy consumption, 
and environmental impacts forms a complex nexus that needs 
thorough investigation to inform effective policymaking. The 
Philippines faces the dual challenge of sustaining economic 
growth while addressing environmental concerns. High reli-
ance on fossil fuels for energy, coupled with growing electricity 
consumption, has led to increased CO2 emissions. Foreign 
direct investment (FDI), often seen as a driver of economic 
growth, can have mixed environmental impacts depending on 
the nature of the investments.

Additionally, despite promising, the transition to renewa-
ble energy faces several obstacles. This study aims to unravel 

these interconnections to understand the dynamics compre-
hensively.3,4 The primary objectives of this study are to:

•  Analyze the Impact of Electricity Consumption and 
Fossil Fuel Use on CO2 Emissions: Assess how the 
increasing demand for electricity and reliance on fos-
sil fuels contribute to CO2 emissions in the Philippines.

•  Examine the Role of FDI and GDP in Influencing CO2 
Emissions and Energy Consumption: Investigate the 
dual role of FDI as both a driver of economic growth 
and a potential contributor to environmental degrada-
tion and analyze the impact of GDP growth on CO2 
emissions.

•  Assess the Effectiveness of Renewable Energy in Reduc-
ing CO2 Emissions: Evaluate the potential of renewable 
energy sources to mitigate CO2 emissions and promote 
sustainable development.

•  Policy Recommendations: Based on the findings, sug-
gest measures to help the Philippines balance economic 
growth with environmental sustainability.

Significance of the study

This study is significant as it addresses the urgent need for 
developing countries like the Philippines to reconcile economic 
development with environmental protection. By elucidating the 
relationships between CO2 emissions, energy consumption, fos-
sil fuels, FDI, GDP, and renewable energy, the research provides 
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valuable insights for policymakers. The findings can guide the 
formulation of integrated policies that promote renewable 
energy, improve energy efficiency, and foster sustainable eco-
nomic growth.4,5 The paper is organized as follows:

Literature review. Reviews existing studies on the relationships 
between CO2 emissions, economic growth, energy consump-
tion, FDI, and renewable energy.

Methodology. Describes the data sources, econometric models, 
and analytical techniques used in the study.

Results. Present the findings from the econometric analysis, 
including descriptive statistics, unit root tests, cointegration 
analysis, VECM estimation, and Granger causality tests.

Discussion. Discusses the implications of the findings for poli-
cymaking and highlights the study’s limitations and areas for 
future research.

Conclusion. Summarizes the essential findings and provides 
concluding remarks on the nexus between CO2 emissions, 
energy consumption, fossil fuels, FDI, GDP, and renewable 
energy in the Philippines.6,7 This study aims to comprehen-
sively analyze these interrelationships to inform policy deci-
sions and support the country’s transition to a low-carbon 
economy. In general, the primary objectives of this study are to:

•  Analyze the impact of electricity consumption and fossil 
fuel use on CO2 emissions.

•  Examine the role of FDI and GDP in influencing CO2 
emissions and energy consumption.

•  Assess the effectiveness of renewable energy in reducing 
CO2 emissions.

•  Provide policy recommendations based on the findings.

Literature Review
CO2 emissions and economic growth

The relationship between CO2 emissions and economic growth 
has been extensively studied, with diverse and sometimes con-
tradictory findings. The Environmental Kuznets Curve (EKC) 
hypothesis posits an inverted U-shaped relationship between 
environmental degradation and economic growth, suggesting 
that CO2 emissions initially increase with economic growth 
but eventually decrease after reaching a certain level of income 
per capita.8-11 critically examined this hypothesis, highlighting 
that the relationship is complex and influenced by various fac-
tors such as technological advancements, economic structural 
changes, and environmental regulations.

CO2 emissions and economic growth. The relationship between 
CO2 emissions and economic growth has been widely studied, 
with mixed results. Some studies suggest that economic 
growth leads to higher CO2 emissions due to increased energy 
consumption.

In contrast, others argue for an inverted U-shaped relation-
ship as proposed by the Environmental Kuznets Curve (EKC) 
hypothesis. In the context of developing countries, the relation-
ship tends to be more straightforward, with economic growth 
typically leading to higher CO2 emissions due to increased 
industrial activity and energy consumption. Studies such as 
those by12,13 have shown that in emerging economies, economic 
growth is closely linked to higher emissions, emphasizing the 
need for sustainable growth strategies that incorporate envi-
ronmental considerations.14,15

Energy consumption and CO2 emissions

Energy consumption, mainly from fossil fuels, is a significant 
driver of CO2 emissions. The literature consistently shows a 
strong positive correlation between energy consumption and 
CO2 emissions. For instance, Ehn et  al16 and Ernst and 
Woithe17 found that in low and middle-income countries, 
increased energy consumption significantly raises CO2 emis-
sions, underlining the urgent need for energy efficiency 
improvements and adopting cleaner energy sources. The type 
of energy consumed also matters. Fossil fuels, such as coal, oil, 
and natural gas, are the primary sources of CO2 emissions. 
Research by Filgueiras et al18 and Firoiu et al19,20 indicates that 
fossil fuel consumption correlates with higher CO2 emissions, 
while renewable energy sources have a mitigating effect. This 
dichotomy highlights the critical role of energy policy in man-
aging emissions.

Energy consumption and CO2 emissions. Energy consumption, 
mainly from fossil fuels, significantly contributes to CO2 emis-
sions. The literature indicates a strong positive correlation 
between energy consumption and CO2 emissions, highlighting 
the need for energy efficiency and the transition to renewable 
energy sources.19,21,22

FDI and environmental impact

Foreign direct investment (FDI) can influence environmental 
quality through multiple channels. On one hand, FDI can lead 
to higher CO2 emissions if it expands pollution-intensive indus-
tries, a phenomenon known as the “pollution haven hypothesis.” 
On the other hand, FDI can bring cleaner technologies and bet-
ter environmental practices, thus reducing emissions.23-25 Provide 
evidence for both scenarios, suggesting that the environmental 
impact of FDI depends on the regulatory framework and the 
nature of the investments. In the Philippines, studies26-28 show 
that FDI has had mixed environmental impacts, necessitating 
careful regulation and incentives for green investments.

FDI and environmental impact. FDI can influence environ-
mental quality through technology transfer and the implemen-
tation of cleaner production processes. However, it can also 
increase pollution if foreign investors exploit lax environmental 
regulations in host countries.25,29
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Renewable energy and CO2 emissions

The transition to renewable energy is widely recognized as 
essential for reducing CO2 emissions and combating climate 
change. Numerous studies have documented the environmen-
tal benefits of renewable energy.30 For instance, Liu et  al31 
found that countries with higher shares of renewable energy in 
their energy mix tend to have lower CO2 emissions. Renewable 
energy sources, such as solar, wind, and hydroelectric power, 
produce little to no CO2 emissions during operation. Research 
by Miremadi et al32 and Mo et al33 indicates that increasing the 
share of renewable energy in the energy mix can significantly 
reduce a country’s carbon footprint. However, adopting renew-
able energy is often hindered by economic, technical, and pol-
icy barriers, which must be addressed to realize its full 
potential.

Renewable energy and CO2 emissions. Adopting renewable 
energy sources is critical for reducing CO2 emissions. Studies 
have shown that higher shares of renewable energy in the 
energy mix are associated with lower CO2 emissions, empha-
sizing the importance of renewable energy policies.34,35

Nexus in the context of the Philippines

In the context of the Philippines, the interplay between CO2 
emissions, economic growth, energy consumption, FDI, and 
renewable energy is particularly relevant given the country’s 
economic trajectory and environmental challenges. Studies36-38 
highlight that for countries like the Philippines, achieving sus-
tainable development requires integrated policies that promote 
renewable energy, improve energy efficiency, and regulate FDI 
to ensure environmental protection. The literature reveals a 
complex web of interactions between CO2 emissions, economic 
growth, energy consumption, FDI, and renewable energy.39-42 
While economic growth and energy consumption from fossil 
fuels are significant contributors to CO2 emissions, renewable 
energy offers a viable pathway for reducing emissions.43-46 The 
impact of FDI on the environment varies depending on the 
nature of investments and regulatory frameworks. For the 
Philippines, integrated policies that balance economic growth 
with environmental sustainability are crucial. This study builds 
on these insights to comprehensively analyze the nexus between 
these variables in the Philippine context.

Methodology
Data collection

This study utilizes annual time-series data from 1990 to 2022, 
sourced from the World Bank, the International Energy 
Agency (IEA), and the Department of Energy of the 
Philippines. The variables include CO2 emissions (metric tons 
per capita), electricity consumption (kWh per capita), fossil 
fuel consumption (percentage of total energy consumption), 

FDI (net inflows as a percentage of GDP), GDP (constant 
2010 US$), and renewable energy consumption (percentage of 
total energy consumption).

Econometric model. We employ the Vector Error Correction 
Model (VECM) to analyze the dynamic interactions among 
the variables. The VECM framework allows us to capture both 
the short-term dynamics and the long-term equilibrium rela-
tionships.47-50 Additionally, we conduct Granger causality tests 
to identify the direction of causality between the variables.

Data collection. This study employs annual time-series data 
from 1990 to 2022 for the Philippines. The data sources include 
the World Bank, which provides data on GDP (constant 2010 
US$), FDI (net inflows as a percentage of GDP), and CO2 
emissions (metric tons per capita). International Energy 
Agency (IEA): Supplies data on electricity consumption (kWh 
per capita) and fossil fuel consumption (percentage of total 
energy consumption). Department of Energy, Philippines: 
Offers data on renewable energy consumption (percentage of 
total energy consumption). The study uses the economic model 
as equation (1) follows:

 REC f CO EC FFC FDI GDPt t t t t t� � �     � , , , , ,  (1)

Variables

The key variables used in the study are:

•  CO2 Emissions (CO2): Metric tons per capita.
•  Electricity Consumption (EC): Kilowatt-hours (kWh) 

per capita.
•  Fossil Fuel Consumption (FFC): Percentage of total 

energy consumption.
•  Foreign Direct Investment (FDI): Net inflows as a per-

centage of GDP.
•  Gross Domestic Product (GDP): Constant 2010 US 

dollars.
•  Renewable Energy Consumption (REC): Percentage of 

total energy consumption.

Econometric model

To analyze the dynamic interactions among the variables, the 
study employs a Vector Error Correction Model (VECM). 
The VECM is suitable for this analysis because it allows us to 
capture both the short-term dynamics and long-term equilib-
rium relationships among the variables. The econometric 
model can be specified as equation (2) as follows:

� � � �
� �

REC CO EC FFC
FDI GDP ECM

t t t t

t t t

� � � �
� � �

     
 
� � � �
� � �

� � �

� �

�

�� �� t
 (2)

Where:
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•  Δ denotes the first difference operator.
•  ECt represents renewable energy at time t.
•  CO2t, ECt, FFCt, FDIt, and GDPt represent carbon 

dioxide emissions, electricity consumption, fossil fuel 
consumption, foreign direct investment inflows, and 
GDP, respectively.

•  ECMt−1 is the error correction term from the cointegra-
tion equation.

•  ϵt is the error term.

Unit Root Tests

To ensure the stationarity of the time series data, we conduct 
Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) 
tests. The tests determine whether the variables are integrated 
of order one, I(1).

Cointegration analysis. Johansen cointegration tests are used to 
determine the presence of long-term equilibrium relationships 
among the variables. The existence of cointegration justifies 
the use of the VECM framework.

Granger causality tests. To identify the direction of causality 
between the variables, we conduct Granger causality tests. 
These tests help determine whether one time series can predict 
another. Granger causality tests are conducted to determine the 
direction of causality between pairs of variables. The test 
involves estimating the following equations (3) and (4):

 Y Y Xt i t i j t j t� � � � � �� �� � ��    (3)

 X X Yt i t i j t j t� � � � � �� �� � � ��    (4)

Similar equations are specified for the other endogenous 
variables (CO2, EC, FFC, FDI, GDP, and REC), with their 
respective error correction and lagged differenced terms.

Data analysis. The data analysis involves the following steps:

Descriptive statistics. Provide an overview of the data, 
including mean values, standard deviations, and correlations 
among the variables.

Unit root tests. Conduct ADF and PP tests to determine 
the order of integration of the variables.

Cointegration tests. Perform Johansen cointegration tests to 
check for long-term relationships among the variables.

VECM estimation. Estimate the VECM to capture the 
short-term and long-term dynamics between the variables.

Granger causality tests. Conduct Granger causality tests to 
determine the direction of causality between the variables.

Robustness checks. The study ensures the robustness of the 
results; several diagnostic tests are performed, including resid-
ual diagnostic tests, which check for autocorrelation, heterosce-
dasticity, and normality of residuals.

Stability tests. Perform stability tests such as the CUSUM 
and CUSUMSQ tests to ensure the stability of the VECM 
model. The econometric analysis uses statistical software such 
as Stata, which is well-suited for time-series analysis and 
VECM estimation. This Methodology section outlines the 
data collection process, variables, econometric model, and ana-
lytical techniques employed in this study. VECM and Granger 
causality tests provide a robust framework for understanding 
the dynamic interactions and causal relationships between 
CO2 emissions, electricity consumption, fossil fuels, FDI, 
GDP, and renewable energy in the Philippines. The results 
from this analysis will inform the subsequent discussion and 
policy recommendations.

Results
Descriptive statistics

Descriptive statistics provide an overview of the data, including 
mean values, standard deviations, and correlations among the 
variables.

Unit root tests. To ensure the stationarity of the time series 
data, we conduct Augmented Dickey-Fuller (ADF) and Phil-
lips-Perron (PP) tests. The results indicate that all variables are 
integrated into order one, I(1).

Cointegration analysis. Johansen cointegration tests reveal 
long-term equilibrium relationships among the variables, justi-
fying using the VECM framework.

VECM estimation. The VECM results indicate significant 
long-term relationships between CO2 emissions, electricity 
consumption, fossil fuels, FDI, GDP, and renewable energy. 
Specifically, economic growth and fossil fuel consumption are 
positively associated with CO2 emissions, while renewable 
energy consumption has a mitigating effect.

Granger causality results. The Granger causality tests show 
bidirectional causality between CO2 emissions and GDP and 
electricity consumption and GDP. There is also evidence of 
unidirectional causality from renewable energy to CO2 emis-
sions, highlighting the potential of renewable energy to reduce 
emissions.

Descriptive statistics

Descriptive statistics provide an initial understanding of the 
data characteristics for CO2 emissions, electricity consumption, 
fossil fuel consumption, FDI, GDP, and renewable energy 
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consumption from 1990 to 2022. Table 1 shows the description 
of the statistics below:

Unit root tests

To ensure the stationarity of the time series data, we conducted 
Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) 
tests. The results indicate that all variables are integrated into 
order one, I(1). Table 2 presents the Unit Root Tests of the 
research.

Cointegration analysis

The Johansen cointegration test results confirm the presence of 
long-term equilibrium relationships among the variables. The 
trace and maximum eigenvalue tests indicate at least one coin-
tegrating equation at the 5% significance level. Table 3 presents 
the Johansen cointegration test results.

VECM estimation

The Vector Error Correction Model (VECM) estimation 
results provide insights into the variables’ short-term dynamics 

and long-term relationships. The error correction term (ECT) 
is significant and negative, indicating that the system corrects 
any short-term deviations from the long-term equilibrium. The 
long-term relationship of variables is as equation (5) follows:

CO EC FFC FDI
GDP R

t t t t

t

� � �� � �� � ��
� �� � ��

� � �

�

� � �
� �

� � �

�

   
  

. . .
. . EECt��

 (5)

The short-term dynamics of the variables are shown in Table 4:

Granger causality results

The Granger causality tests provide insights into the direction 
of causality between the variables. Table 5 presents The 
Granger causality tests of the study.

Discussion of results

The results highlight several vital relationships:

•  Electricity Consumption and CO2 Emissions: The bidi-
rectional causality between electricity consumption and 
CO2 emissions suggests that increased electricity use 

Table 1. Descriptive statistics of the study.

VaRIaBlE MEaN STaNDaRD DEVIaTION MINIMUM MaXIMUM

CO2 emissions 0.94 0.15 0.72 1.27

Electricity consumption 684.25 230.45 341.20 1214.30

Fossil fuel consumption 67.45 8.72 55.32 82.41

FDI 2.13 0.98 0.78 4.56

GDP 1.74 × 1011 4.89 × 1010 8.36 × 1010 2.77 × 1011

Renewable energy consumption 25.60 3.98 18.90 33.14

Table 2. augmented Dickey-Fuller (aDF) and Phillips-Perron (PP) tests.

VaRIaBlE aDF TEST STaTISTIC PP TEST STaTISTIC INTEGRaTION ORDER

CO2 emissions −1.876 (0.672) −1.905 (0.642) I(1)

Electricity consumption −2.213 (0.489) −2.289 (0.442) I(1)

Fossil fuel consumption −2.013 (0.593) −2.067 (0.552) I(1)

FDI −1.907 (0.642) −1.933 (0.618) I(1)

GDP −2.145 (0.520) −2.173 (0.506) I(1)

Renewable energy consumption −2.234 (0.481) −2.278 (0.450) I(1)

Table 3. The Johansen cointegration test results.

TEST NUll HyPOTHESIS TEST STaTISTIC 5% CRITICal ValUE CONClUSION

Trace test r = 0 97.45 68.52 Cointegration exists

Maximum Eigenvalue test r = 0 40.23 33.87 Cointegration exists
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leads to higher emissions, while higher emissions may 
drive efforts to expand electricity infrastructure, often 
reliant on fossil fuels.

•  Fossil Fuel Consumption and CO2 Emissions: The sig-
nificant positive relationship underscores the critical role 
of fossil fuel consumption in driving CO2 emissions.

•  GDP and CO2 Emissions: The positive relationship 
indicates that economic growth in the Philippines has 
been associated with higher CO2 emissions, aligning 
with the experiences of other developing economies.

•  Renewable Energy and CO2 Emissions: The negative 
relationship and unidirectional causality from renew-
able energy to CO2 emissions suggest that increasing the 
share of renewable energy can effectively reduce emissions, 
highlighting its potential as a key mitigation strategy.

Policy implications

The findings underscore the need for policies that promote 
energy efficiency and the adoption of renewable energy sources. 
To mitigate CO2 emissions while sustaining economic growth, 
the Philippines should:

•  Enhance Energy Efficiency: Implement energy effi-
ciency measures across industries and households to 
reduce electricity consumption and CO2 emissions.

•  Promote Renewable Energy: Increase investment in 
renewable energy infrastructure and provide incentives 
for its adoption to reduce reliance on fossil fuels.

•  Regulate FDI: Ensure foreign investments are directed 
toward environmentally friendly projects and technologies.

•  Integrate Environmental Considerations in Economic 
Planning: Incorporate environmental sustainability into 
economic growth strategies to balance development 
with ecological preservation.

The econometric analysis reveals complex interdependencies 
among CO2 emissions, electricity consumption, fossil fuel use, 
FDI, GDP, and renewable energy in the Philippines. The 
results highlight the significant impact of economic growth 
and energy consumption on CO2 emissions while emphasizing 
renewable energy’s critical role in reducing emissions. The pol-
icy recommendations from these findings can guide the 
Philippines in pursuing sustainable development and climate 
change mitigation.

Table 4. The short-term dynamics of the variable.

VaRIaBlE COEFFICIENT 
(Δ CO2)

COEFFICIENT 
(ΔEC)

COEFFICIENT 
(ΔFFC)

COEFFICIENT 
(ΔFDI)

COEFFICIENT 
(ΔGDP)

COEFFICIENT 
(ΔREC)

ECT (−1) −0.204** −0.123** −0.110** −0.091* −0.157** −0.132**

Δ CO2 (−1) 0.312** 0.210* 0.157 0.112 0.298** 0.218*

ΔEC (−1) 0.158* 0.345** 0.275** 0.198* 0.263** 0.140

ΔFFC (−1) 0.207* 0.283** 0.389** 0.243* 0.231** 0.192

ΔFDI (−1) 0.137 0.112 0.203 0.316** 0.149 0.130

ΔGDP (−1) 0.264** 0.202* 0.153 0.110 0.362** 0.182

ΔREC (−1) −0.176* −0.123 −0.112 −0.109 −0.198* −0.348**

*Indicates significance at the 10% level, **Indicates significance at the 5% level.

Table 5. The Granger causality tests of the study.

CaUSalITy DIRECTION F-STaTISTIC P-ValUE CONClUSION

EC → CO2 4.23** .017 Electricity consumption Granger-causes CO2 Emissions

CO2 → EC 3.57** .029 CO2 emissions Granger-cause electricity consumption

FFC → CO2 4.89** .011 Fossil Fuel consumption Granger-causes CO2 emissions

CO2 → FFC 2.98** .043 CO2 emissions Granger-cause fossil fuel consumption

FDI → CO2 2.11* .093 FDI does not Granger-cause CO2 emissions

GDP → CO2 5.32** .007 GDP Granger-causes CO2 emissions

CO2 → GDP 3.78** .026 CO2 Emissions Granger-cause GDP

REC → CO2 3.15** .041 Renewable energy Granger-causes CO2 emissions

*Indicates significance at the 10% level, **Indicates significance at the 5% level.
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Discussion
Implications for policy

The findings underscore the need for comprehensive energy 
policies that promote renewable energy and energy efficiency. 
The positive relationship between GDP and CO2 emissions 
suggests that economic growth strategies must incorporate 
environmental considerations to achieve sustainable develop-
ment. FDI policies should encourage investments in clean 
technologies and environmentally friendly practices.

Limitations and future research. This study is limited by the 
availability and quality of data, particularly in the context of 
developing countries like the Philippines. Future research 
could explore the impact of other variables, such as technologi-
cal innovation and policy interventions, on the nexus between 
CO2 emissions and energy consumption.51

Key f indings. This study explored the nexus between CO2 
emissions, electricity consumption, fossil fuel use, FDI, GDP, 
and renewable energy in the Philippines from 1990 to 2022. 
The key findings from the econometric analysis are as follows:

Electricity consumption and CO2 emissions

A bidirectional causal relationship exists between electricity 
consumption and CO2 emissions. This issue indicates that 
increased electricity consumption, primarily driven by fossil 
fuel-based energy sources, significantly contributes to higher 
CO2 emissions. Conversely, higher CO2 emissions may prompt 
further investments in electricity infrastructure, which is often 
still reliant on fossil fuels due to existing energy policies and 
market conditions.

Fossil fuel consumption and CO2 emissions. The positive rela-
tionship between fossil fuel consumption and CO2 emissions is 
well-established. As fossil fuels are the primary energy source 
in the Philippines, their consumption directly impacts CO2 
emissions. This finding aligns with global trends where fossil 
fuel reliance leads to higher emissions, underlining the need to 
transition to cleaner energy sources.

GDP and CO2 emissions

The positive relationship between GDP and CO2 emissions 
suggests that increased emissions have historically accompa-
nied economic growth in the Philippines. This issue is typical 
of developing economies where industrialization and economic 
expansion rely on energy-intensive activities and fossil fuels.

FDI and CO2 emissions. The analysis did not find strong evi-
dence of FDI significantly affecting CO2 emissions. This issue 
could be due to the nature of investments in the Philippines, 
which might not be heavily skewed toward pollution-intensive 

industries.22 However, this finding also emphasizes the need 
for targeted policies to attract green FDI that promotes sus-
tainable development.

Renewable energy and CO2 emissions. The negative relationship 
between renewable energy consumption and CO2 emissions 
underscores the potential of renewable energy in mitigating 
emissions. The unidirectional causality from renewable energy 
to CO2 emissions suggests that increasing the share of renewa-
bles in the energy mix can effectively reduce the country’s car-
bon footprint.23

Based on the findings, several policy implications emerge:

Promoting renewable energy. Given the significant negative 
impact of renewable energy on CO2 emissions, there is a clear 
need to increase investments in renewable energy infrastruc-
ture. Policies should focus on incentivizing renewable energy 
projects, reducing regulatory barriers, and providing financial 
support for research and development in this sector.

Enhancing energy efficiency. The government should imple-
ment comprehensive energy efficiency programs to curb ris-
ing electricity consumption and associated emissions. These 
include promoting energy-saving technologies, improving 
building codes, and incentivizing industries to adopt more effi-
cient processes.

Regulating fossil fuel use. Reducing the dependency on fossil 
fuels is crucial. The government can introduce carbon pricing, 
subsidies for cleaner energy alternatives, and stricter environ-
mental regulations on fossil fuel-based power plants.

Attracting green FDI. Policies should aim to attract for-
eign direct investments in environmentally friendly projects.30 
This issue could be achieved through tax incentives, stream-
lined approval processes for green investments, and partner-
ships with international organizations to promote sustainable 
investment opportunities. Integrating Environmental Consid-
erations into Economic Planning—sustainable development 
should be a central tenet of the Philippines’ economic plan-
ning. This issue involves integrating environmental goals into 
national development plans, setting clear emissions reduction 
targets, and aligning economic incentives with environmental 
sustainability.

Limitations and future research

This study has several limitations that provide avenues for 
future research.

Data limitations. The analysis relies on available time-series 
data, which may have limitations in accuracy and completeness. 
Future studies could benefit from more granular data, including 
sector-specific emissions and energy consumption statistics.
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Model specif ications. While the VECM provides valuable 
insights, other econometric models, such as Structural Equa-
tion Modeling (SEM) or panel data analysis, could offer differ-
ent perspectives and a deeper understanding of the relationships 
among the variables.

Impact of policy changes. Future research could examine the 
impact of specific policy changes over time, such as imple-
menting renewable energy incentives or introducing carbon 
taxes, to understand their effectiveness better.

Broader scope. Extending the scope of the study to include 
other environmental indicators, such as air and water quality, 
and considering the social impacts of energy policies could 
provide a more comprehensive view of sustainable develop-
ment in the Philippines. This study analyzes the interrelation-
ships between CO2 emissions, electricity consumption, fossil 
fuel use, FDI, GDP, and renewable energy in the Philippines. 
The findings highlight the critical need for integrated policies 
that promote renewable energy, enhance energy efficiency, and 
regulate fossil fuel consumption to achieve sustainable eco-
nomic growth. The policy recommendations derived from this 
study can guide the Philippines in balancing economic devel-
opment with environmental sustainability, contributing to 
global climate change mitigation efforts.

Conclusion
This paper provides valuable insights into the complex rela-
tionships between CO2 emissions, electricity consumption, 
fossil fuels, FDI, GDP, and renewable energy in the Philippines. 
The results highlight the critical role of renewable energy in 
reducing emissions and the need for integrated policies that 
balance economic growth with environmental sustainability.

Summary of f indings

This study investigated the complex interactions between CO2 
emissions, electricity consumption, fossil fuel consumption, 
foreign direct investment (FDI), gross domestic product 
(GDP), and renewable energy consumption in the Philippines 
from 1990 to 2022. The key findings from the analysis using a 
Vector Error Correction Model (VECM) and Granger causal-
ity tests are:

Bidirectional relationship between electricity 
consumption and CO2 emissions

Increased electricity consumption significantly contributes to 
higher CO2 emissions, while higher emissions potentially drive 
further investments in electricity infrastructure.

Positive impact of fossil fuel consumption on CO2 emissions. The 
reliance on fossil fuels as a primary energy source directly 
impacts CO2 emissions, emphasizing the need to transition to 
cleaner energy.

Positive relationship between GDP and CO2 emissions. Eco-
nomic growth in the Philippines has historically been accom-
panied by increased emissions, indicating the energy-intensive 
nature of development activities.

Insignificant impact of FDI on CO2 emissions. The analysis did 
not find strong evidence that FDI significantly affects CO2 
emissions, suggesting that FDI in the Philippines may not be 
heavily directed toward pollution-intensive industries.

Negative relationship between renewable energy and CO2 emis-
sions. Increasing the share of renewable energy in the energy 
mix effectively reduces CO2 emissions, highlighting its poten-
tial as a critical strategy for mitigating climate change.

Policy recommendations. Based on these findings, several policy 
recommendations are proposed to help the Philippines achieve 
sustainable development and mitigate CO2 emissions:

Promote renewable energy. Increase investments in renewable 
energy infrastructure, incentivize renewable energy projects, 
and reduce regulatory barriers to facilitate the adoption of 
cleaner energy sources.

Enhance energy eff iciency. Implement comprehensive energy 
efficiency programs across industries and households to reduce 
electricity consumption and associated emissions.

Regulate fossil fuel use. Introduce measures such as carbon pric-
ing, subsidies for cleaner energy alternatives, and stricter envi-
ronmental regulations to reduce dependency on fossil fuels.

Attract green FDI. Develop policies to attract foreign direct 
investments in environmentally friendly projects, including tax 
incentives, streamlined approval processes, and partnerships 
with international organizations.

Integrate environmental considerations into 
economic planning

Incorporate environmental sustainability into national devel-
opment plans, set clear emissions reduction targets, and align 
economic incentives with environmental goals.

Contributions and future research. This study contributes to 
the existing literature by providing empirical evidence on 
the relationships between CO2 emissions and various eco-
nomic and energy-related variables in the Philippines. The 
findings underscore the importance of integrated policies 
that promote sustainable energy practices and economic 
growth. Future research could address several limitations 
and explore new avenues, including more granular data and 
the utilization of more detailed sector-specific data on emis-
sions and energy consumption for a more comprehensive 
analysis.
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Alternative econometric models. The research explores different 
econometric approaches, such as Structural Equation Mode-
ling (SEM) or panel data analysis, to gain deeper insights.

Policy impact assessment. The study examines the impact of spe-
cific policy changes over time, such as introducing carbon taxes 
or renewable energy incentives, to evaluate their effectiveness.

Broader scope. Including additional environmental indicators 
and considering the social impacts of energy policies to provide 
a holistic view of sustainable development.

Final remarks. The results of this study highlight the critical need 
for the Philippines to balance economic growth with environ-
mental sustainability. By implementing policies that promote 
renewable energy, enhance energy efficiency, and regulate fossil 
fuel consumption, the country can achieve sustainable develop-
ment and contribute to global efforts to mitigate climate change. 
The policy recommendations offer a roadmap for the Philippines 
to transition toward a greener and more sustainable future.
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