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Abstract 
Rapid global urbanization has profoundly intensified the complex 
interactions between carbon emissions, energy consumption, and economic 
development, which is widely recognized as the carbon-energy-economic 
growth nexus. While cities act as the primary engines of national and 
global economic prosperity, they are simultaneously responsible for the vast 
majority of worldwide greenhouse gas emissions and high-density energy 
demand. Consequently, understanding how to balance robust economic 
expansion with environmental sustainability has become one of the most 
pressing challenges of the twenty-first century. This comprehensive literature 
survey and synthesis examines the theoretical foundations, empirical 
methods, and policy frameworks that connect urban spatial organization 
with energy and economic dynamics. By critically reviewing recent 
advancements in spatial econometrics, Input-Output modeling, and urban 
metabolism frameworks, the paper evaluates how various contemporary 
urban planning paradigms mediate this trilemma. Specifically, the review 
identifies critical structural gaps in existing scholarly research, particularly 
regarding cross-scale spatial interactions. It addresses the methodological 
challenges researchers face when isolating policy impacts from broader 
macroeconomic trends. Finally, the study outlines a forward-looking 
research agenda and offers actionable insights to guide urban planners, 
environmental analysts, and policymakers in designing highly resilient, and 
economically vibrant cities for the future. 
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1. INTRODUCTION 
Increased carbon emissions and their intricate 
relation to energy consumption and economic 
growth constitute one of the most critical topics 
in the global warming and climate change debate. 

The interrelationship nexus among these three 
factors is vital from both economic policy and 
environmental planning perspectives on national 
and global scales. Over recent decades, extensive 
research has been conducted to analyze the causal 

mailto:ayesha.khan8499@gmail.com
https://doi.org/10.5281/zenodo.23391575


JOURNAL FOR SOCIAL SCIENCE STUDIES 
An International Peer-Reviewed Open Access Journal 

 
ISSN (Online): 3006-2071    |    ISSN (Print): 3006-2063 

Volume 4 • Issue 6 • October 2026 
 

https://jssstudies.org                       | Khan & Shahzadi, 2026 |                         Page 622 
  

relationships among rising greenhouse gas 
emissions, energy use, and output expansion 
across various developed and developing nations, 
including China, India, France, USA, Sweden, 
Turkey, Nigeria, and Middle Eastern countries 
(Ozcan, 2013; Ghosh, 2010; Jayanthakumaran et 
al., 2012; Ang, 2007; Soytas et al., 2007; 
Shabestari, 2018). 
Several core macro-level factors govern this 
complex nexus, primarily including the 
population base, Gross Domestic Product (GDP), 
total energy consumption, and aggregate carbon 
emissions. To evaluate this nexus and test the 
overarching hypothesis that economic growth, 
energy demand, and environmental pollution are 
inter-reliant, researchers apply diverse 
econometric techniques, ranging from Analysis of 
Variance (ANOVA) and cointegration 
procedures to the empirical testing of the 
Environmental Kuznets Curve (EKC) hypothesis 
(Ozcan, 2013). However, the existing literature 
exhibits notable inconsistencies. These 
divergences stem from variations in econometric 
methodologies, regional socio-political 
frameworks, sectoral data gaps, cultural contexts, 
and geographical dynamics. 
Importantly, conventional literature often treats 
energy consumption and economic activity as 
spatially neutral aggregate variables. In reality, 
economic output, industrial production, 
transportation networks, and residential energy 
demands are physically embedded within urban 
built environments. Urban planning acts as the 
spatial enabler and regulator of these processes. 
Dense urban design, land-use zoning, public 
transportation infrastructure, and green spatial 
policies directly mediate how economic growth 
translates into energy consumption and carbon 
emissions. Therefore, incorporating urban 
planning into the carbon–energy–growth nexus 
provides a necessary holistic framework for 
sustainable policy design. 
 

2. Core Components of the Carbon–Energy–
Growth–Planning Nexus 
2.1 Carbon Emissions and Atmospheric Trends 
Atmospheric carbon dioxide (CO2) 
concentrations have risen steadily since the onset 
of the Industrial Revolution. The systematic 
measurement of atmospheric CO2 
concentrations commenced in 1958 at an 
altitude of approximately 4,000 meters at the 
Mauna Loa Observatory in Hawaii, chosen 
specifically to isolate observations from local 
anthropogenic pollution sources (Sundquist & 
Keeling, 2009). These continuous observations 
revealed that atmospheric CO2 concentrations 
increased in every single year following 1958. The 
mean concentration rose from approximately 316 
parts per million by volume (ppmv) in 1958 to 
approximately 369 ppmv in 1998. Seasonal 
variations recorded at Mauna Loa are primarily 
driven by Northern Hemisphere vegetation 
uptake during spring and summer; however, this 
natural biological cycle does not offset the 
persistent, upward long-term trend (Sundquist & 
Keeling, 2009). 
By 2013, global CO2 concentrations reached 396 
ppmv, representing an increase of approximately 
40% compared to pre-industrial levels in the mid-
1800s (around 280 ppmv), with an average 
annual growth rate of 2 ppmv during the 
preceding decade. Climate modeling suggests that 
unchecked emissions could cause global average 
temperatures to rise by 2°C to 4°C by the year 
2100 relative to pre-industrial averages, 
presenting critical ecological and economic 
challenges (Garrett, 1992). 
 
2.2 Energy Consumption and Fuel Structure 
With growing environmental awareness over the 
past few decades, scholars have extensively 
analyzed the environment economy interaction 
within environmental economics. Observed 
historical surges in CO2 concentrations are 
directly linked to the combustion of fossil fuels 
for energy generation. According to early 
estimates by Dyson (1976), fossil fuel combustion 
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adds approximately 5 × 10^9 tons of carbon to 
the atmosphere annually, of which roughly half 
remains airborne. To address this accumulation, 
Dyson (1976) highlighted afforestation programs 
and dedicated energy crops as biological carbon 
sinks, alongside a fundamental transition from 
fossil fuels toward cleaner energy alternatives, 
including nuclear power (Ntanos et al., 2015). 
Anthropogenic CO2 emissions stem 
predominantly from fossil fuel consumption 
across key functional sectors: Electricity 
Generation, Industrial Manufacturing, 
Transport, Agriculture, and 
Residential/Commercial Buildings (Omri, 2013). 
Quantifying carbon emissions across these sectors 
involves specific methodological conventions 
established by the Intergovernmental Panel on 
Climate Change (IPCC). Because direct real-time 
measurement of all point sources is impractical, 
sector-allocated energy consumption data are 
converted into CO2 estimates using standardized 
emission factors (Omri, 2013). The International 
Energy Agency (IEA) utilizes two primary 
accounting approaches: (1) the Reference 
Approach, which applies a uniform emission 
factor to total primary energy supply converted 
into tonnes of oil equivalent (TOE), where TPES 
= Energy Production + Imports - Exports - 
International Marine Bunkers - International 
Aviation ± Stock Changes; and (2) the Sectoral 
Approach, which applies specific emission factors 
to distinct economic sectors (Omri, 2013). 
 
2.3 Economic Growth and Sectoral Dynamics 
Rapid global economic expansion has historically 
been accompanied by surges in energy 
consumption and pollution, heavily reliant on 
coal and other fossil fuels. Mitigation strategies 
emphasize modern carbon-based technologies 
(such as gasification and liquefaction), nuclear 
and solar power, energy conservation measures, 
and structural adjustments in final energy use 
(Garrett, 1992; Ntanos et al., 2015). Recent 
research demonstrates that shifting fuel structures 
such as substituting coal with natural gas or 

renewable energy can substantially lower carbon 
intensity without sacrificing output growth (Hao 
& Huang, 2017; Zhang & Da, 2015). 
2.4 Urban Planning as a Spatial Mediator 
Urban planning plays a crucial role in mediating 
the relationship between energy consumption, 
economic activity, and carbon emissions. Cities 
account for over 70% of global energy-related 
carbon emissions while housing the majority of 
economic productivity. Urban planning strategies 
influence carbon trajectories through three main 
mechanisms: 
 
1. Spatial Morphology & Density: Compact 
urban spatial structures reduce vehicle miles 
traveled (VMT), lower urban heat island effects, 
and maximize district energy efficiency compared 
to fragmented, auto-dependent suburban sprawl. 
2. Mixed Land Use & Transit-Oriented 
Development: Integrating residential, 
commercial, and recreational spaces promotes 
active transportation (walking and cycling) and 
enables efficient transit-oriented development 
(TOD), reducing fuel consumption in the 
transport sector. 
3. Urban Afforestation & Green Infrastructure: 
Integrating urban forests, green roofs, and 
ecological corridors into master planning 
enhances local carbon sequestration, echoing 
early afforestation strategies (Dyson, 1976) within 
modern urban environments. 
 
3. Taxonomical Classification of Empirical 
Literature 
The literature on the carbon emissions, energy 
consumption, and economic growth nexus can be 
categorized into three major methodological and 
thematic branches: 
Category 1: Country-Specific Energy–Emissions 
Structural Studies. Studies examining country-
specific data to evaluate energy consumption 
structures, input-output elasticities, and sector-
specific emission drivers (e.g., Hao & Huang, 
2017; Soytas et al., 2007). 
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Category 2: Country-Specific EKC and Granger 
Causality Modeling. Research assessing the 
dynamic relationships among energy use, 
economic growth, and carbon emissions within 
single nations, frequently testing the validity of 
the Environmental Kuznets Curve (EKC) 
hypothesis (e.g., Ang, 2007; Halicioglu, 2009; 
Saboori et al., 2012; Shabestari, 2018; Akpan & 
Akpan, 2012; Zhang & Da, 2015). 
Category 3: Multi-Country and Regional Panel 
Cointegration Studies. Multivariate panel data 
investigations analyzing multi-country samples 
across global, regional, or economic blocs (e.g., 
MENA, ASEAN, BRICS, South Asia) using 
cointegration and dynamic panel estimations 
(e.g., Saidi & Hammami, 2015; Alom, 2014; 
Vidyarthi, 2014; Oganesyan, 2017; Obradović & 
Lojanica, 2017; Omri, 2013; Arouri et al., 2012; 
Lean & Smyth, 2010). 
 
4. Synthesis of Country-Specific Empirical 
Literature 
4.1 China: Energy Structure, Translog 
Functions, and LMDI Decoupling 
With China's rapid economic development, CO2 
emissions surged, positioning China as a central 
focus of environmental research. China's energy 
consumption structure has historically relied 
heavily on coal. Hao & Huang (2017) conducted 
a pioneering investigation into the impact of 
energy consumption structure on per capita 
carbon emissions using a translog production 
function theoretical framework. Their empirical 
findings revealed that replacing coal with oil or 
natural gas significantly reduces CO2 emissions, 
with natural gas being the optimal substitution 
choice. Improving China's energy structure by 
raising the share of natural gas and reducing coal 
dependency yields substantial atmospheric quality 
improvements (Hao & Huang, 2017). 
Complementing this, Zhang & Da (2015) applied 
the Logarithmic Mean Divisia Index (LMDI) 
method to decompose China's carbon emissions 
and carbon intensity changes from 1996 to 2010 
across energy sources and industrial sectors. They 

coupled this with a decoupling index analysis. 
Their results indicated that economic growth was 
the main driver of increased carbon emissions, 
while reductions in energy intensity and cleaner 
final energy structures played vital roles in 
curbing emissions. The secondary (industrial) 
sector proved to be the principal source of 
emission reductions with the highest mitigation 
potential. Furthermore, decoupling analysis 
showed relative decoupling between emissions 
and economic growth for most years, absolute 
decoupling in 1997, 2000, and 2001 (where the 
economy grew while emissions decreased), and 
no decoupling in 2003 and 2004 (Zhang & Da, 
2015). 
 
4.2 United States: Capital Formation and Long-
Run Causality 
Soytas et al. (2007) investigated the impact of 
energy consumption and economic output on 
carbon emissions in the United States. Unlike 
earlier studies that tested the EKC shape without 
accounting for energy use, Soytas et al. (2007) 
estimated a Granger causality framework 
incorporating labor, gross fixed capital formation, 
energy consumption, income, and CO2 
emissions. Their key finding was that income 
does not Granger-cause carbon emissions in the 
US in the long run, whereas energy use directly 
causes emissions. Consequently, economic 
growth alone does not automatically resolve 
environmental degradation, emphasizing the 
necessity of targeted energy and urban planning 
interventions. 
 
4.3 Sweden: VECM Cointegration and 
Feedback Dynamics 
Shabestari (2018) analyzed the causal 
relationships between energy use, CO2 
emissions, and economic growth in Sweden using 
a Vector Error Correction Model (VECM) with 
annual time-series data from 1970 to 2016. In the 
long run, a bidirectional causal relationship was 
identified among energy consumption, emissions, 
and GDP, supporting the Feedback Hypothesis. 
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This indicates that energy is a critical input for 
Swedish economic growth, and uncoordinated 
emission reduction policies could constrain 
economic output. In the short run, bidirectional 
causality was established between CO2 emissions 
and energy consumption, while capital formation 
exerted short-run causality on economic growth. 
Trend analysis demonstrated that higher energy 
efficiency and renewable energy adoption allowed 
Sweden to achieve economic growth while 
lowering CO2 emissions. Policy 
recommendations emphasized transitioning to 
renewable energy to maintain economic 
momentum while meeting climate targets 
(Shabestari, 2018). 
 
4.4 France: Integrated Cointegration 
Framework 
Ang (2007) examined the dynamic causal 
relationships between pollutant emissions, energy 
consumption, and output for France from 1960 
to 2000 using cointegration and VECM 
techniques. The findings confirmed a robust 
long-run relationship among the variables. 
Causality tests demonstrated that economic 
growth exerts a causal influence on the growth of 
energy use and pollution in the long run, while 
unidirectional short-run causality runs from 
energy growth to economic growth. These results 
highlight the strong interdependence within the 
nexus and the need for integrated economic-
environmental modeling (Ang, 2007). 
 
4.5 Turkey: Bounds Testing and Foreign Trade 
Integration 
Halicioglu (2009) investigated the nexus in 
Turkey from 1960 to 2005 by incorporating 
foreign trade into the cointegration framework 
using the ARDL bounds testing procedure. The 
study established two stable long-run equilibrium 
relationships: (1) carbon emissions determined by 
energy consumption, income, and foreign trade; 
and (2) income determined by emissions, energy 
use, and foreign trade. Augmented Granger 
causality tests showed that income is the most 

significant determinant of carbon emissions in 
Turkey, followed by energy consumption and 
foreign trade (Halicioglu, 2009). 
 
4.6 Nigeria: Infrastructure Deficits and Growth 
Neutrality 
Akpan & Akpan (2012) applied a Multivariate 
VECM framework to evaluate electricity 
consumption, carbon emissions, and economic 
growth in Nigeria using annual data from 1970 
to 2008. Long-run estimates showed that 
economic growth and electricity consumption are 
both associated with increased carbon emissions, 
demonstrating that Nigeria's growth trajectory 
has been carbon-intensive. Unidirectional 
Granger causality ran from economic growth to 
carbon emissions, implying that carbon reduction 
policies can be implemented without harming 
economic growth. Notably, no causality was 
found between electricity consumption and 
economic growth in either direction, reflecting 
structural crises and infrastructure deficits in 
Nigeria's power sector. Efficient infrastructure 
planning and energy development were identified 
as essential missing prerequisites (Akpan & 
Akpan, 2012). 
 
4.7 Malaysia: ARDL Cointegration and EKC 
Validation 
Saboori et al. (2012) tested the EKC hypothesis 
in Malaysia for the period 1980–2009 using the 
ARDL methodology. They confirmed a long-run 
relationship between per capita CO2 emissions 
and real GDP per capita, discovering an inverted-
U shaped EKC relationship in both short and 
long runs. VECM Granger causality tests showed 
no short-run causality between emissions and 
growth, but confirmed unidirectional long-run 
causality running from economic growth to CO2 
emissions (Saboori et al., 2012). In an earlier 
complementary study on Malaysia covering 
1971–1999, Ang (2008) utilized a trivariate VAR 
model and found positive long-run associations 
between pollution, energy use, and output, with 
strong causality running from economic growth 
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to energy consumption growth in both short and 
long runs. 
 
5. Synthesis of Multi-Country and Regional 
Empirical Literature 
5.1 Global Panels (58 Countries): Dynamic 
GMM Estimation 
Saidi & Hammami (2015) evaluated the impact 
of economic growth and CO2 emissions on 
energy consumption across a global panel of 58 
countries from 1990 to 2012 using dynamic 
panel Generalized Method of Moments (GMM) 
estimation. Analyzing four global panels and 
three regional sub-panels (Europe & North Asia; 
Latin America & Caribbean; Sub-Saharan, North 
African & Middle Eastern), they found a 
statistically significant positive impact of CO2 
emissions on energy consumption across all 
panels, while economic growth positively and 
significantly drove energy consumption across the 
global sample (Saidi & Hammami, 2015). 
 
5.2 South Asia: Panel Cointegration and Short-
vs-Long Run Causality 
Alom (2014) and Vidyarthi (2014) investigated 
the nexus across five South Asian economies 
(Bangladesh, India, Pakistan, Sri Lanka, and 
Nepal) for 1972–2010 and 1972–2009, 
respectively. Using Pedroni and Kao panel 
cointegration, both authors established a stable 
long-run equilibrium relationship among GDP, 
energy consumption, and carbon emissions. 
Alom (2014) identified short-run causal links 
between energy consumption and emissions, and 
between emissions and GDP, but noted an 
absence of long-run causality running from GDP 
and emissions to energy consumption. Vidyarthi 
(2014) found bidirectional long-run causality 
between energy consumption and GDP, 
unidirectional causality running from emissions 
to GDP and energy consumption in the long run, 
and short-run causality running from energy 
consumption to carbon emissions. 
 

5.3 BRICS Economies: Energy Elasticities and 
Efficiency Imperatives 
Oganesyan (2017) examined the EKC hypothesis 
and the carbon-energy-growth link across the 
energy-intensive BRICS economies (Brazil, 
Russia, India, China, South Africa) from 1980 to 
2013. Panel cointegration analysis did not 
support the EKC hypothesis. The estimated 
elasticity of CO2 emissions with respect to energy 
use was 0.60%, while the elasticity of economic 
growth with respect to energy consumption was 
1.74%. Causality tests indicated that energy use 
Granger-causes carbon emissions, while economic 
growth Granger-causes energy use, emphasizing 
the need to prioritize energy efficiency and clean 
technology transfers (Oganesyan, 2017). 
 
5.4 South Eastern Europe (Greece & Bulgaria): 
VECM Analysis 
Obradović & Lojanica (2017) evaluated Greece 
and Bulgaria over the period 1980–2010 using 
VECM econometric techniques. In the long run, 
causality ran from energy consumption and 
carbon emissions to economic growth in both 
countries. In the short run, no causality was 
observed between energy use and economic 
output. The authors cautioned that aggressive 
energy restriction policies without efficiency 
improvements could adversely impact long-term 
economic growth in SEE countries (Obradović & 
Lojanica, 2017). 
 
5.5 Middle East and North Africa (MENA): 
Simultaneous Equations & EKC Turning 
Points 
Omri (2013) examined 14 MENA countries from 
1990 to 2011 using simultaneous-equations panel 
models. The empirical results demonstrated 
bidirectional causality between energy 
consumption and economic growth, 
unidirectional causality from energy consumption 
to CO2 emissions without feedback, and 
bidirectional causality between economic growth 
and CO2 emissions across the region. In a 
complementary study of 12 MENA countries 
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from 1981 to 2005, Arouri et al. (2012) applied 
bootstrap panel unit root and cointegration tests, 
finding that energy consumption positively 
impacts emissions. While real GDP displayed a 
quadratic relationship with emissions, extreme 
variance in estimated turning points across 
countries provided weak overall support for the 
EKC hypothesis, suggesting that MENA nations 
can pursue energy conservation without 
hampering economic expansion. 
 
5.6 ASEAN Bloc: Panel VECM and 
Nonlinearity 
Lean & Smyth (2010) examined five ASEAN 
countries (1980–2006) using a panel VECM 
framework. Their long-run estimates showed a 
positive association between electricity 

consumption and CO2 emissions, alongside a 
nonlinear relationship between emissions and 
output consistent with the EKC. Granger 
causality tests indicated long-run unidirectional 
causality running from electricity consumption 
and emissions to economic growth, and short-run 
unidirectional causality running from emissions 
to electricity consumption (Lean & Smyth, 
2010). 
 
6. Comparative Empirical Summary Tables 
The following structured tables synthesize the 
core empirical literature reviewed across country-
specific and multi-country panels, detailing the 
time periods, country coverage, econometric 
methodologies, causal findings, and formal 
citations. 

 
Table 1: Summary of Country-Specific Empirical Literature 
N
o. 

Author(s) Period Countr
y 

Methodology Causal / Empirical 
Findings 

Citation 

1 Hao, Y., & 
Huang, Y. N. 

1996-
2015 

China Translog 
production 
function & 
input-output 
elasticity 

Substituting coal with gas 
or oil significantly 
reduces CO2 emissions; 
gas substitution is 
optimal. 

Hao & 
Huang 
(2017) 

2 Soytas, U., 
Sari, R., & 
Ewing, B. T. 

1960-
2004 

USA Granger causality 
with VAR, labor 
& capital 
formation 

Income does not 
Granger-cause emissions 
in the long run; energy 
use directly drives 
emissions. 

Soytas et al. 
(2007) 

3 Shabestari, N. 
B. 

1970-
2016 

Sweden Vector Error 
Correction 
Model (VECM) 

Bidirectional causality 
between energy, 
emissions, and GDP in 
long run. Short-run 
bidirectional causality 
between CO2 and 
energy. 

Shabestari 
(2018) 

4 Ang, J. B. 1960-
2000 

France Cointegration & 
Vector Error 
Correction 
(VECM) 

Economic growth exerts 
long-run causal influence 
on energy use and 
pollution growth; short-
run energy use drives 
growth. 

Ang (2007) 
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5 Halicioglu, F. 1960-
2005 

Turkey ARDL Bounds 
testing & 
Granger causality 

Two long-run 
relationships confirmed. 
Income is the principal 
determinant of CO2 
emissions, followed by 
energy use and trade. 

Halicioglu 
(2009) 

6 Akpan, G. E., 
& Akpan, U. 
F. 

1970-
2008 

Nigeria Multivariate 
VECM 
framework 

Unidirectional causality 
from growth to 
emissions. Growth is 
pollution-intensive; no 
causality between 
electricity and growth. 

Akpan & 
Akpan 
(2012) 

7 Zhang, Y. J., 
& Da, Y. B. 

1996-
2010 

China LMDI 
decomposition & 
Decoupling 
Index 

Economic growth drives 
emissions; energy 
intensity reduction curbs 
emissions. Relative 
decoupling in most years, 
absolute in 1997, 2000-
01. 

Zhang & Da 
(2015) 

8 Saboori, B., 
Sulaiman, J., 
& Mohd, S. 

1980-
2009 

Malaysi
a 

ARDL bounds 
testing & VECM 
Granger causality 

Supports inverted-U 
EKC hypothesis in short 
and long runs. 
Unidirectional long-run 
causality from GDP to 
CO2 emissions. 

Saboori et al. 
(2012) 

9 Ang, J. B. 1971-
1999 

Malaysi
a 

Trivariate VAR 
model & 
causality analysis 

Pollution and energy use 
positively related to 
output in long run. 
Causality runs from 
economic growth to 
energy consumption. 

Ang (2008) 

 
Table 2: Summary of Multi-Country and Regional Empirical Literature 
N
o. 

Author(s) Period Countries 
/ Region 

Methodology Causal / Empirical 
Findings 

Citation 

1 Saidi, K., & 
Hammami, S. 

1990-
2012 

58 Global 
Countries 

Dynamic Panel 
Data (GMM 
estimation) 

Significant positive 
impact of CO2 on 
energy consumption; 
economic growth 
positively drives energy 
use across global panels. 

Saidi & 
Hammami 
(2015) 
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2 Alom, K. 1972-
2010 

5 South 
Asian 
Countries 

Panel Unit 
Root, Kao 
Cointegration 
& Causality 

Short-run causality 
between energy-CO2 
and CO2-GDP. Stable 
long-run relationship; 
no long-run causality 
from GDP/CO2 to 
energy. 

Alom (2014) 

3 Vidyarthi, H. 1972-
2009 

5 South 
Asian 
Countries 

Pedroni 
Cointegration 
& Panel VECM 
Causality 

Long-run bidirectional 
causality between energy 
and GDP; 
unidirectional from 
CO2 to GDP and 
energy. Short-run 
energy causes CO2. 

Vidyarthi 
(2014) 

4 Oganesyan, 
M. 

1980-
2013 

5 BRICS 
Countries 

Panel 
Cointegration 
& Causality 

EKC not supported. 
Elasticity of CO2 to 
energy is 0.60%; GDP 
to energy is 1.74%. 
Energy causes CO2; 
GDP causes energy use. 

Oganesyan 
(2017) 

5 Obradović, S., 
& Lojanica, 
N. 

1980-
2010 

2 SEE 
(Greece & 
Bulgaria) 

Vector Error 
Correction 
Model (VECM) 

Long-run causality from 
energy and CO2 to 
economic growth. No 
short-run causality 
between energy and 
GDP. 

Obradović 
& Lojanica 
(2017) 

6 Omri, A. 1990-
2011 

14 MENA 
Countries 

Simultaneous-
Equations Panel 
Models 

Bidirectional causality 
between energy and 
growth; unidirectional 
from energy to CO2; 
bidirectional between 
growth and CO2. 

Omri (2013) 

7 Arouri, M. E. 
H. et al. 

1981-
2005 

12 MENA 
Countries 

Bootstrap Panel 
Unit Root & 
Cointegration 

Energy consumption 
positively impacts CO2. 
Quadratic GDP-CO2 
relationship found, but 
poor evidence for 
standard EKC. 

Arouri et al. 
(2012) 
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8 Lean, H. H., 
& Smyth, R. 

1980-
2006 

5 ASEAN 
Countries 

Panel Vector 
Error 
Correction 
Model 

Significant positive 
association between 
electricity and CO2; 
EKC confirmed. Long-
run causality from 
electricity/CO2 to 
growth. 

Lean & 
Smyth 
(2010) 

 
7. Integrating Urban Planning Frameworks into 
the Nexus 
To bridge the gap between empirical 
econometrics and spatial policy, urban planning 
must be formally integrated into the energy-
emissions-growth framework. Aggregate national 
models often overlook the physical spatial layout 
through which production, transport, and 
consumption occur. Urban planning directly 
influences energy demand and emission vectors 
through key spatial pillars: 
7.1 Spatial Density & Sprawl Mitigation: 
Uncontrolled urban expansion increases travel 
distances and infrastructure demands, driving 
automobile dependency and high per-capita 
carbon intensity. Conversely, compact urban 
growth strategies limit sprawl, promote energy-
efficient spatial organization, and reduce overall 
primary energy requirements. 
7.2 Integrated Land Use & Transit Networks: 
Single-use zoning forces extensive vehicular 
commuting. Integrating mixed residential, 
commercial, and employment hubs reduces total 
vehicle kilometers traveled (VMT), directly 
suppressing petroleum combustion—one of the 
largest emission sources identified across single-
country studies (Soytas et al., 2007; Ang, 2007). 
7.3 Sustainable Built Environment & Building 
Standards: Buildings account for a significant 
share of operational energy use. Urban planning 
codes that mandate green building standards, 
passive solar orientation, district cooling/heating, 
and building-integrated renewable energy directly 
lower structural electricity demand. 
7.4 Urban Forestry & Ecological Corridors: 
Urban heat islands elevate summer cooling 
demands, increasing peak electricity loads. 

Incorporating strategic urban green space, street 
trees, and green roofs provides localized cooling 
while sequestering carbon, aligning modern 
urban design with long-standing afforestation 
concepts (Dyson, 1976). 
 
8. Policy Implications and Strategic 
Recommendations 
Synthesizing empirical findings across global 
panels and country cases yields several pivotal 
policy recommendations for sustainable 
planning: 
1. Fuel Structure Optimization: As 
demonstrated by Hao & Huang (2017) and 
Zhang & Da (2015), modifying the primary 
energy mix—specifically reducing reliance on coal 
and accelerating clean energy adoption—is the 
most direct mechanism for lowering carbon 
intensity without curtailing GDP growth. 
2. Transit-Oriented Spatial Master Planning: 
Given the long-run causal influence of economic 
activity on energy consumption (Ang, 2007; 
Saboori et al., 2012), urban master planning 
must mandate transit-oriented development, 
micro-mobility infrastructure, and low-emission 
zones to decouple transport growth from 
emissions. 
3. Grid Modernization & Efficient 
Infrastructure: In developing regions where 
power infrastructure presents structural 
challenges (e.g., Akpan & Akpan, 2012), policies 
must prioritize expanding renewable grid 
infrastructure alongside energy-efficient urban 
building codes. 
4. Urban Carbon Sinks & Nature-Based 
Solutions: Urban planners should incorporate 
carbon offset zones, municipal green belts, and 
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natural carbon sinks directly into long-term 
master plans, operationalizing urban forestry as a 
core urban utility. 
 
9. Conclusion 
This paper synthesizes empirical literature on the 
dynamic nexus between carbon emissions, energy 
consumption, and economic growth while 
integrating urban planning as a strategic spatial 
dimension. The empirical evidence across 
developed, emerging, and regional panel 
economies underscores the profound 
interdependence among economic activity, 
energy structure, and environmental quality. 
While growth drivers and causal directions vary 
across regions reflecting differences in energy 
structures, developmental stages, and 
institutional frameworks the overarching 
consensus points to the necessity of transitioning 
away from carbon-intensive energy systems. 
Integrating urban planning into this macro-nexus 
addresses the physical mechanisms driving energy 
demand. Compact urban development, transit-
oriented land-use planning, high-efficiency 
building codes, and municipal greening provide 
concrete mechanisms to operationalize national 
climate targets. Future empirical research should 
further combine spatial geospatial metrics with 
panel cointegration modeling to refine localized 
sustainability policies. 
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