An Empirical Study of Energy-Development Policy Trade-offs in the Indian Economy: Evidence from Dynamic and Fully Modified OLS Estimations

Abstract
The paper explores the relationship between economic size, foreign investment and urbanisation in energy sustainable ecosystems. The investigation is based on the time series data for India from 1991 to 2019. By using tools like Dynamic OLS, Fully Modified OLS and Integrated OLS, this paper follows affiliation amid sustainability and economic development. The results reported indicate the existence of an association between energy sustainability and urbanisation in the case of India showing a policy trade-off between urban development and energy sustainability. The granger causality analysis also reveals that in the case of India, there existed unidirectional causation amid energy sustainability and urbanisation where urbanisation has a significant causation towards the energy sustainability. Knowing well that India is a party to the “Kyoto Protocol and Paris agreement”, but there is still a necessity to preserve and promote the impetus concerning energy sustainability in arousing inclusive awareness concerning the realisation of sustainable ecosystems. More so, subsidising schemes and promoting awareness programmes are recommended, such as incentivising sustainable urban planning and green power purchase agreement and adoption of green bonds for energy infrastructure needs.
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Introduction
In changing global dynamics, every economy is facing a challenge of ensuring energy sustainability while attaining higher economic growth for creating a sustainable condition for future generations (Adedoyin et al., 2020). In this the major concern for modern society is that attaining economic development will lead towards the scarcity of natural resources (World Economic Forum, 2021). Developing economies, like India, are more prone to consequences of this development process. However, creating environmental strategy depends on various areas, like, businesses, industrial production, power generation and transportation (Adedoyin et al., 2020); which cannot be achieved by one solution for correcting all the strategic areas. This creates an obligation for all the stakeholder, mainly policymakers, to create strategies which helps in shaping the self-sustaining economy, without any disruption in the course of economic development (Anbu, 2020).
In the post-COVID 19 era, many economic hustles were formed which formed a new global value chain paradigm in production and consumption. International trade has emerged as key driver of the new world economic order (Pahl & Timmer, 2020). Therefore, during this economic turmoil the path to sustainability can be achieved with solving the development-environment dilemma (Combes Motel et al., 2014; Piddington, 1990; Staniškis, 2020). In the same way studies, like Anser et al., 2020; Behera & Dash, 2017; Iheonu et al., 2021; Nketiah et al., 2020, have incorporated additional variables like, urbanisation, foreign direct investment to counter the biasness involved while dealing with the economic development of an economy.
Urbanisation is a major requirement for the economic growth as the increase in the urban population causes an upsurge in the energy consumption which plays a relevant role in the advancement of an economy. In spite of that it is observed that urbanisation leads the way to bring social, economic, and sustainability into increasingly challenged surroundings (Bai et al., 2012; Douglas, 2012; Macomber, 2013) because it starts to degrade both environment and human life, due to requirement of energy based on fossil fuels. To avoid these circumstances, an economy can invest in renewable energy sources and curb emission by reducing its reliance on fossil fuels. This can create a clean and sustainable economy while increasing the level of urbanisation. Here, it seems only option to bypass the dilemma is unconventional energy. Renewable energy reduces import dependence, provide sustainable growth, with high employment opportunities. According to the International Renewable Energy Agency (IRENA) ninety per cent of the world’s electricity will come from renewable energy by 2050. India aims to increase renewable energy use and achieve zero carbon emissions by 2070, with a 30% reduction by 2030. According to Niti Aayog Report, “India is already in the midst of a transition toward a low carbon economy. The share of coal in the energy mix of India is likely to decline to 40% by 2040 from 46% currently” (Saraswat & Bansal, 2021). Previous studies, although worked on the aspect of environmental sustainability, but they are mostly confined around the carbon emission and only few studies have attempted to analyse this important topic with renewable energy perspective, like, Royal et al. (2023). Therefore, it is a need of the hour to make environmental policies which could shift demand for energy from conventional to unconventional sources of energy. This will enlarge the scope for investors in the area of renewable energy and create a supportive environment for the growth of unconventional energy sources. It is crucial to reassess trade openness in conjunction with development to gain a deeper understanding of the sustainability of its outcomes. This study opts for FDI inflows over exports, as FDI more effectively captures the dynamics of both developed and emerging economies. From the perspective of developed nations, FDI is driven by the aim to tap into the growing demand in emerging markets. Conversely, for developing countries like India, FDI primarily supports investment aimed at import substitution.
Literature Review
In this section, an attempt has been made to précis all the previous studies associated with the subject matter. Table I reviews all the related studies. The literature has been scrutinised based on a period, sample, the methodology adopted for the study, and the findings. Further, the study tries to institute the trends among different variables based on the preceding literature.
Table 1. Reported summary of the literature analysed
	Authors
	Time period
	Tools and Technique
	Findings

	Royal et al. (2023)
	1991-2019
	PMG-ARDL.
	The study investigated Quad nations and finds increasing energy demand in urban areas makes a necessity rather than a compulsion to provide affordable energy sources. 

	Yang et al. (2021)
	1990-2017
	Panel co-integration, pair-wise non-causality test, and FMOLS.
	This study investigates the impact of globalisation, financial development, and energy utilisation on environmental sustainability in the GCC countries, where results define bidirectional causality between Urbanization & GDP growth.

	Murshed et al. (2021)
	1972-2015
	ARDL approach.
	The study indicates that attracting the FDIs, having the potential of making use of knowledge spillover effects to facilitate the country's renewable power generation, helps in achieving the goals of security of energy and environmental sustainability.

	Han et al., (2021)
	1990-2018
	Quantile Regression
	The government needs to increase the share of renewable energy in the industrial production and export sector, which could have a good impact on country trade, and further account for a friendly environment along with sustainable performance.

	Baloch et al., (2021)
	1990-2017
	PMG-ARDL
	The paper investigated and revalidated the relevance of the EKC hypothesis for OECD countries in the context of development, globalisation, and energy innovation. Globalisation has a prolonged relationship with energy innovation which further reduces GHG emissions.

	Gyamfi et al., (2021)
	2000-2018
	PMG-ARDL, OLS, DOLS and FMOLS
	The study reported a pivotal role of bio-energy consumption in creating a green and sustainable environment, thus signifying the relevance of renewable energy sources in environmental well-being.

	Adewale Alola et al., (2021)
	2000-2016
	ARDL estimate
	The paper reasserts the relationship between sustainability Goal 7 (Access to green energy) & Goal 12 and economic growth. The investigation exhibits a long-term equilibrium betwixt economic expansion, renewable accessibility, and innovation capacity leading to better development indices.

	Adebayo et al., (2021)
	1965-2019
	ARDL, FMOLS and DOLS
	This study found uni-directional causality running from urbanisation to economic growth and a significant association between economic growth and trade openness.

	Zhang et al., (2021)
	1990-2017
	AMG estimator, Panel bootstrap Granger causality
	This study contributes to the existing literature by suggesting policy implications for a sustainable environment explaining that an increase in the share of urban investment is highly momentous for environmental sustainability.

	Arif et al., (2020)
	1980-2018
	ARDL approach.
	1. In the long run, financial development and trade have major effects on economic growth in selected sample economies.
2. ‘Complementarity hypothesis’ is also supported regarding the above variables.

	Le & Bao, (2020)
	1990-2014
	Westerlund co- integration test and AMG estimator
	This study investigates the role of non-renewable and renewable energy consumption in sustainable development in 16 Latin America and Caribbean Emerging Markets and Developing Economies. The study concludes that economic growth is influenced positively and considerably by renewable energy consumption and trade openness.

	Sheikh et al., (2020)
	1995-2018
	ARDL approach of co-integration
	This study is an attempt to empirically examine the implications of trade openness on sustainable development in India since the liberalisation policy in 1991. These findings back up environmentalists and social critics who claim that advanced economic activity and trade openness is linked to increased welfare expenses in India.

	Olorogun et al., (2020)
	1970-2018
	ARDL, Toda-Yamamoto Granger Causality Test
	The current study focuses on the FDI-led economic growth hypothesis if it holds or not and concludes that FDI impacts Economic Growth. Foreign investment and financial development are good predictors for sustainable economic growth.

	Tecel et al., (2020)
	1995-2016
	PMG-ARDL
	This study has tried to explore the impact of FDI on economic growth as a control variable and it concluded that there is a unidirectional causality between foreign investment and economic growth.

	Udi et al., (2020)
	1970-2018
	ARDL, Bayer-Hanck Co-integration approach
	There is a one-way causal link running from FDI to industrialisation. Also, industrialisation validates a significant impact on economic growth both in the short and long run.

	Belloumi & Alshehry, (2020)
	1971-2016
	ARDL co-integration approach
	This study examines the impact trade openness has on sustainable development in Saudi Arabia and the key findings are.
1. Financial development-favourable impact on environmental sustainability
2. Foreign direct investment (FDI) is a good driver of economic growth.

	Manta et al., (2020)
	2000-2017
	FMOLS, VECM, and Pair-wise Granger causality test.
	The aim and novelty of this study consist of estimating the nexus between energy and economic growth and the major findings are-
1. Betwixt economic growth proxied as GDP and financial development variables, there is bidirectional causality.
2. In the short term, increased economic growth and energy consumption encourage a rise in financial development.

	Basu et al., (2020)
	1990-2015
	VECM, FMOLS, DOLS, and Granger causality
	In this study, a causal relationship among economic growth, urbanisation, energy consumption, renewable energy share, trade openness and carbon emissions in the context of a large developing economy of India has been and the outcome establishes Bidirectional causality.
1. Betwixt trade openness & economic growth.
2. Betwixt urbanisation & economic growth.
3. Betwixt trade & renewable energy.
4. There is a one-way connection from growth to renewable energy.

	Ali et al., (2020)
	1971-2014
	FMOLS, DOLS, CCR Estimation
	This paper revealed the existence of a unidirectional relationship from Urbanization to Electricity Consumption leading to Economic Growth, but in the long term, urbanisation impedes growth.

	Nathaniel & Bekun, (2020)
	1971-2015
	VECM, Autoregressive Distributive Lag cointegration.
	This study tries to model urbanisation, trade flow and energy consumption with regard to the environment and it was concluded that Economic Growth, Energy consumption and urbanisation has a negative impact on environmental quality.

	Gyamfi et al., (2020)
	1980-2018
	PMG-ARDL
	The study reported a uni-directional casual association betwixt trade and CO2 emissions. The study further established the significance of emission reduction targets and the adoption of greener technology for a better tomorrow.

	Intisar et al., (2020)
	1985-2017
	Panel co-integration tests, FMOLS and DOLS.
	This study was aimed at analysing the impact of trade openness on economic growth and the bidirectional causality between Trade openness and Economic growth was reported in it.

	Fan et al., (2018)
	1992-2012
	SEM
	This study investigates whether large cities are in sync with the region in terms of population dynamics, urbanisation, and sustainability and it was found that economic development has a stronger impact on urbanisation as per the selected sample.

	Faisal et al., (2018)
	1965-2013
	ARDL, VECM, and Granger causality
	The outcome reveals that economic growth, urbanisation, and trade have a positive and significant long-term and short-term impact on electricity consumption for the selected sample.

	Haseeb et al., (2018)
	1995-2014
	Dumitrescu-Hurlin Granger causality test and FMOLS.
	This study established the relationship between energy consumption, financial development, globalisation, economic growth, and urbanisation and the findings suggest that there is a two-way causality betwixt growth, GDP, and financial development.

	Rafiq et al., (2016)
	1980-2010 2001-2010
	Panel Unit root, panel regression, co-integration test, FMOLS, and DOLS.
	This paper analyses the impact of urbanisation and trade openness on emissions and energy intensity in twenty-two increasingly urbanised emerging economies. The findings show that openness reduces both emissions and energy intensity; urbanisation, on the other hand, greatly increases energy intensity.

	Asumadu-Sarkodie & Owusu, (2016)
	1971-2012
	ARDL regression, Granger causality test.
	The study examines the causal relationship between energy use, carbon dioxide emissions, GDP, industrialisation, financial development and establishes a long-run equilibrium causality amongst GDP, population, financial development, and energy use.

	Asif et al., (2015)
	1980-2011
	Panel Unit root and co-integration tests, Panel causality tests, FMOLS and DOLS,
	This study addresses the problem of environmental degradation due to the faster-growing energy consumption and urbanisation for supporting economic growth and the research unfolds that urbanisation has a favourable impact on economic growth and that urban planning contributes to long-term sustainability for specified countries.

	Were, (2015)
	1991-2015
	Panel Regression analysis
	This study has focused on the relationship between trade openness and economic growth, and it was found after analysis that economic growth is influenced positively and significantly by trade.


Note: OLS=Ordinary least square, FMOLS=Fully modified ordinary least square, ARDL=Autoregressive distributive lag, ECM=Error correction model, DOLS=Dynamic ordinary least square, AMG=Augmented mean group, PMG=pooled mean group, SEM=Structural Equation Modelling. Source: Author Compilation.
Capitalising on the academic context, this paper is an improvement over the previous inquiries and a justified effort to investigate it the interrelationship between GDP, Openness, Urbanisation, and Sustainability in the case of the India from 1996 to 2024. 
The literature presents a mixed relationship between FDI and environmental sustainability. While some studies, e.g., Tamazian & Rao (2010), Shahbaz et al. (2013), Zhao & Yang (2020) find that FDI can contribute to reducing emissions by mobilising resources for green projects, others, e.g., Frankel & Romer (1999), Baloch et al. (2019), Gök (2020) highlight its role in increasing environmental degradation. The overall findings suggest that the impact of FDI on carbon emissions is context-dependent and influenced by factors such as energy use, trade openness, and regional policy frameworks.
Data and Methodology
The data for India from 1996 to 2024 has been utilised for this study. Four variables, viz. GDP, FDI influx, total renewable energy generation per year, and Urbanisation.
Table 2: Variables Name and Descriptions
	Abbreviation
	Variable Name
	Dimensions
	Source

	GDP
	Gross Domestic Product
	Rupees Crore
	HSIE

	FDI
	Foreign Direct Investment Inflow
	Rupees Crore
	HSIE

	Urban
	Size of the Population living in Urban Areas (Urbanisation)
	Unit of Person
	Projected Population from Census

	RE
	Renewable Energy
	Billion KWH
	Indiastat


Note: HSIE=Handbook of Statistics on Indian Economy retrieved from Reserve Bank of India repository +
Model Estimation
Though there were multiple studies that have jointly perceived the interconnection of Conventional and non-conventional sources of energy with carbon-dioxide emanations (Inglesi-Lotz & Dogan, 2018; Nguyen & Kakinaka, 2019; Shakouri & Khoshnevis Yazdi, 2017), the reported study has practically implemented the notion concisely for India. Moreover, our investigation distinctively integrated sustainability to replace resource rent in the study conducted by Bekun et al., 2019 such that:
								(1)
				(2)
The current time-series utilises a logarithmic transformation to have a constant variance. In the estimated equation, energy sustainability (RE) is the output variable. Also,  against , , and  signifies the logarithmically modified dependent variable vs the independent one,  denotes the intercept value,  is the slope measurement, and  is the white-noise error term.
The present investigation embodies a three-phase approach for its empirical investigation. Starting with testing the stationarity of the distinct time-series, for robustness, one test utilised, i.e., Phillips and Perron (1991) test. (ii) The Co-integration (Pesaran et al., 1999) amid the reported variables is investigated to ascertain the prolonged association. (iii) Finally, causativeness among the variable has been analysed using pair-wise Granger-causality testing.
Results and Interpretation
The Stock-Watson’s dynamic ordinary least squares (DOLS) model. The presence of leads and lags for different variables eliminates the bias of simultaneity within a sample and DOLS estimates and provide better approach to normal distribution. DOLS model with dependent variable yt and independent variable xt is specified as below:
yt = ɸ0 + ɸ1xt + ∑∆xt-j + εt
Where n and m show lag and lead length, and ɸ indicates the long run effect of a change in x
on y. The reason why lag and lead terms are included in DOLS model is that they have the
role to make its stochastic error term independent of all past innovations in stochastic
repressors (Baba et al., 1992).
To avoid the spurious regression trap, it is obligatory to perform a stationarity analysis. The unit-root statistics have been conveyed in Table 3; we noticed that all of the required variables are first-difference stationery. 
Table 3: Phillips Perron Unit Root Test
	Variables
	I(0)
	I(1)

	RE
	-2.45
	-4.562***

	GDP
	-1.235
	-3.714**

	FDI
	-2.396
	-6.466***

	Urban
	-1.780
	-4.869***

	Critical Values:
	1%
	-4.338
	-4.355

	
	5%
	-3.587
	-3.594

	
	10%
	-3.228
	-3.232


Source: Authors’ Calculation. Note: ‘***’, ‘**’, and ‘*’ signifies 1%, 5%, and 10% significance level.
Since all the variables are at I(1), we will apply the Johansen cointegration on the variables and then estimate which estimation method can be applied on the data. The cointegration result is presented in table 4.
Table 4: Johansen Cointegration Test
	Cointegrated Variables
	Test
Statistics
	Critical Values

	
	
	10%
	5%
	1%

	Maximum Eigen Values

	r <= 3
	0.66
	6.50
	8.18
	11.65

	r <= 2
	3.61
	12.91
	14.90
	19.19

	r <= 1
	8.69
	18.90
	21.07
	25.75

	r = 0
	20.00
	24.78
	27.14
	32.14

	Trace Values

	r <= 3
	0.66
	6.50
	8.18
	11.65

	r <= 2
	4.27
	15.66
	17.95
	23.52

	r <= 1
	12.96
	28.71
	31.52
	37.22

	r = 0
	32.96
	45.23
	48.28
	55.43


Source: Authors’ Computation
Both Maximum Eigen Test and Trace Test shows that in the model, none of the variable is cointegrated. Due to this, we cannot proceed towards applying VECM estimation method and we now focus on applying dynamic OLS, integrated modified OLS and fully modified OLS on the estimated models. Applying these models, do not require cointegration among variables and can be only when variables are integrated at first difference. Table 5 presents the result from the DOLS, IMOLS and FMOLS estimation.
Table 5: Model Estimation Result
	Dependent Variable: RE
	DOLS estimation
	IMOLS estimation
	FMOLS estimation

	GDP
	0.419*** (0.099)
	0.447*** (0.131)
	0.413*** (0.106)

	FDI
	0.132* (0.069)
	0.107 (0.091)
	0.139* (0.072)

	Urban
	-0.160*** (0.042)
	-0.167*** (0.055)
	-0.159*** (0.046)


Source: Authors’ Computation
The estimated coefficients from all the method shows that GDP has a positive impact on renewable energy consumption, while urbanisation has a negative impact on RE. However, the result estimates that FDI has a low significance in all the method which force us to say that there is not enough evidence showing an impact of FDI on RE. 
The finding that GDP exhibits a positive and significant effect on renewable energy consumption suggests that as a country’s economy grows, its capacity and propensity to invest in renewable energy also rise. Higher GDP typically means greater fiscal capacity, more institutional support, and stronger market demand for cleaner energy solutions. Economic expansion often incentivizes both public and private sectors to transition towards sustainable energy infrastructures, given the increasing energy needs and potential long-term cost savings Gibba et al. (2024). While I did not locate a study explicitly mirroring this exact phraseology, several empirical analyses echo the sentiment that economic growth catalyses renewable energy uptake and supports the energy transition, directly or via broader environmental sustainability frameworks Wang et al. (2021); Gibba et al. (2024).
On the other hand, urbanisation’s negative coefficient implies that increasing urban concentration is inversely related to renewable energy consumption in the models used. This can result from multiple structural factors: urban growth may prioritise existing non-renewable energy infrastructure, face higher upfront costs for renewable retrofitting, or encounter energy-efficiency challenges tied to rapid urban expansion Xuan (2024). Some studies have documented that while urbanisation leads to heightened overall energy demand, especially non-renewable, its direct impact on renewable usage may be muted or statistically negligible Zhao and Qamruzzaman (2022). In other words, urbanisation in isolation may not automatically translate into stronger adoption of renewables unless accompanied by targeted policies, infrastructure investment, or urban planning aligned with clean energy goals.
Table 6: Granger Causality Test
	Null Hypothesis
	Obs.
	F-stats.
	Prob.

	Urban does not Granger cause RE
	25
	3.115
	0.090*

	RE does not Granger cause Urban
	
	0.713
	0.407

	GDP does not Granger cause RE
	25
	4.035
	0.056*

	RE does not Granger cause GDP
	
	0.001
	0.998

	FDI does not Granger cause RE
	25
	0.004
	0.952

	RE does not Granger cause FDI
	
	9.000
	0.006***


Source: Authors’ Computation
The granger causality result validates the relationship shown in the table 5. The results shows that variables like Urban and GDP has unidirectional causation with the RE in India, i.e., with increase in these variables RE will get affected. However, with change in RE these variables are not certainly going to change. Also, it is found that change in FDI does not evidently change RE, but the reverse has been proved to be significant. The hypothesis behind this relationship is that when an economy starts to demand renewable energy, the developed economies start to invest in the green sector to get higher profits. So, in case of India, an emerging economy, the alignment towards renewable energy attracts higher FDI from developed economies.
Conclusion
The findings of this study reveal a clear policy trade-off between economic growth, urbanisation, and energy sustainability in India. The results consistently demonstrate that while GDP growth significantly stimulates renewable energy adoption, rapid urbanisation has a dampening effect on the transition toward clean energy. This outcome highlights the dual reality India faces on the one hand, sustained economic growth enhances the capacity to invest in renewable infrastructure, but on the other hand, unplanned and energy-intensive urbanisation continues to lock cities into conventional fossil-fuel-based systems. The role of FDI is found to be less decisive, with its contribution to renewable energy remaining statistically weak, suggesting that foreign capital alone cannot drive the clean energy shift without complementary domestic policy support and institutional readiness. Taken together, these findings underscore the importance of deliberate policy design that harnesses economic growth for clean energy transitions while addressing the structural challenges of urbanisation.
Going forward, India’s sustainability agenda requires an integrated policy framework that reconciles the growth-urbanisation-sustainability nexus. Stronger emphasis must be placed on sustainable urban planning, green infrastructure investment, and regulatory instruments that incentivise renewable energy adoption in urban ecosystems. Initiatives such as green bonds, renewable purchase obligations, and urban energy-efficiency programmes can bridge the existing gaps. Moreover, aligning urban expansion with renewable integration will be crucial if India is to honour its Paris Agreement commitments and its own ambitious net-zero targets. In this context, the findings of the study not only provide empirical evidence of the trade-offs but also suggest the pressing need for a reorientation of development priorities toward inclusive, resilient, and energy-sustainable pathways. This will ensure that economic prosperity and urban growth do not come at the cost of environmental degradation but rather act as catalysts in creating a sustainable and future-ready India.
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