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Abstract 

In the context of the energy transition and increasingly stringent climate policies, understanding oil demand 

requires a product-specific perspective that extends beyond aggregate indicators. This study examines naphtha, 

a key feedstock linking the refining and petrochemical sectors, and investigates the factors associated with its 

demand across ten major oil-consuming countries over the 2000–2024 period. Using long-term panel data, 

naphtha prices are first modeled as a function of crude oil prices using an autoregressive moving average 

(ARMA) specification. A naphtha demand equation is then estimated using cross-sectional fixed effects and a 

lagged dependent variable. The results indicate that naphtha demand is significantly associated with economic 

growth and downstream petrochemical product prices, particularly those of olefins and aromatics. The positive 

and statistically significant lagged demand term indicates persistence and gradual adjustment in naphtha 

consumption, consistent with structural inertia in petrochemical feedstock use. Overall, the findings suggest 

that the energy transition may reshape the composition of oil demand rather than lead to a uniform decline 

across all petroleum products. The results provide policy-relevant insights for product-specific energy-

transition strategies, refinery reconfiguration, and refinery–petrochemical integration, while emphasizing that 

the estimated relationships should be interpreted as conditional associations rather than causal effects. 
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1. Introduction 

The global transition toward low-carbon energy systems has confronted policymakers with a complex 

set of often competing decisions. On the one hand, the extensive use of fossil fuels throughout the 

twentieth century substantially accelerated economic growth and social development; on the other hand, 

heightened energy price volatility and the environmental consequences of greenhouse gas emissions 

have transformed this development pathway into a major challenge for long-term sustainability (Olabi 

et al., 2023). Under these conditions, effective energy policy design requires balancing climate 

objectives, energy supply security, and economic considerations. Recent developments in global energy 

markets—including the COVID-19 pandemic, disruptions to global supply chains, the 2022 energy 

crisis, and escalating geopolitical tensions—have further intensified these challenges and prompted 

many countries to reassess their energy transition pathways (IEA, 2023). Rising energy costs and 

growing concerns regarding supply security have resulted in delays or recalibrations of some ambitious 

renewable energy deployment and energy-efficiency targets. Although renewable energy sources have 

expanded rapidly in recent years, their widespread deployment continues to face economic, technical, 

social, and regulatory constraints, including high upfront investment costs, infrastructure limitations, 

skills shortages, and inadequate policy support frameworks (Stram, 2016; Olabi et al., 2023). 

Consequently, a growing consensus has emerged in the energy policy literature that the transition 

pathway must be more realistic, gradual, and based on a diversified energy mix. In this context, recent 

analytical evidence suggests that, despite the acceleration of decarbonization policies, fossil fuels are 

likely to remain a major component of the global energy system for decades. According to McKinsey’s 

Global Energy Perspective (2025), peak fossil fuel demand is expected to occur later and at a higher 

level than previously projected, with fossil fuels accounting for between 41 percent under a sustainable 

transition scenario and 55 percent under a delayed transition scenario of global final energy 

consumption by 2050. Although this share represents a decline relative to current levels, absolute fossil 

fuel consumption is projected to remain substantial because of continued growth in global energy 

demand (McKinsey, 2025). This outlook underscores the need for sustained investment across oil and 

gas supply chains, particularly to mitigate the risks of supply shortages and extreme price volatility. 

Within this framework, oil and gas, despite mounting pressure from climate policies, continue to play 

a critical role in meeting the expanding needs of the global economy. OPEC’s long-term scenarios 

reinforce this outlook, indicating that global energy demand is expected to increase from approximately 

308 million barrels of oil equivalent per day in 2024 to nearly 378 million barrels of oil equivalent per 

day by 2050, with growth occurring across all energy carriers except coal (OPEC, 2025). Oil, despite 

its declining relative share, is projected to retain its position as the single most important energy carrier, 

with global oil demand increasing from 94.3 million barrels per day in 2024 to approximately 112.4 

million barrels per day by 2050. This growth is expected to be driven largely by non-OECD countries, 

particularly emerging economies in Asia, the Middle East, and Africa (OPEC, 2025). However, an 

increasingly important feature of the energy transition is not merely the aggregate level of oil demand, 

but also changes in its product composition. Empirical evidence indicates that the share of traditional 

fuel uses, particularly in road transportation, is gradually declining, whereas applications such as 

petrochemicals and aviation are gaining greater prominence within the structure of oil demand. This 

evolution reflects a structural shift in global oil demand and has important implications for pricing 

policies, subsidy reforms, and industrial planning, particularly in the refining and petrochemical sectors. 

Despite the significance of these developments, a substantial portion of the existing literature has 

examined oil demand in aggregate terms or has focused on selected products over limited time horizons. 

Moreover, many studies lack the dynamic frameworks and long-term datasets required to capture 

structural changes in oil consumption patterns. These limitations have left policymakers with 
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insufficient empirical evidence regarding how different segments of oil demand, particularly products 

with dual fuel and industrial uses, respond to economic, price, and industrial variables and what such 

heterogeneity implies for energy transition policy design. To address this gap, the present study focuses 

on modeling naphtha demand as one of the most important products linking the refining and 

petrochemical industries. Using long-term panel data and econometric analysis based on fixed-effects 

panel estimation with a lagged dependent variable, the study examines naphtha demand behavior across 

ten major oil-consuming economies and assesses its implications for refinery configuration and 

industrial policy in the context of the energy transition. The findings provide an analytical foundation 

for policymakers and investors to anticipate medium- and long-term demand trends, design 

differentiated pricing policies, and align climate objectives with the development of refining–

petrochemical value chains in the era of energy transition. 

2. Literature review and theoretical framework 

2.1. Energy transition and the transformation of oil demand structure 

Over recent decades, the energy transition has emerged as one of the central challenges in global 

policymaking. This process aims to shift energy systems from fossil fuel–based structures toward more 

sustainable, low-carbon, and efficient configurations and is widely regarded as essential for both 

environmental sustainability and long-term economic growth (Ullah et al., 2023; Adekoya et al., 2021). 

The transition has been shaped by three primary drivers: intensifying climate concerns, rapid advances 

in clean energy technologies, and structural changes in the global economy (Du, 2023). Nevertheless, 

policymakers worldwide continue to face a fundamental question: how can greenhouse gas emissions 

be reduced while simultaneously ensuring energy security and meeting the sustained energy needs of 

key economic sectors, particularly transportation and industry? 

Empirical evidence suggests that although measures such as accelerated electrification, improvements 

in energy efficiency, and the expansion of renewable energy can significantly reduce oil consumption 

in certain sectors, most notably road transportation, achieving these objectives requires a clear 

understanding of consumer behavior and sectoral heterogeneity in energy demand (IEA, 2023). In the 

twenty-first century, economic growth and energy consumption are no longer perfectly aligned, as 

technological progress, efficiency gains, and decarbonization policies have led to a partial decoupling 

of these trends (BP, 2025). This divergence is particularly challenging in developing economies that 

remain in a phase of “energy catch-up,” in which rising income levels and industrialization continue to 

exert upward pressure on energy demand. At the same time, a growing body of literature indicates that 

achieving global temperature targets requires a substantial proportion of known fossil fuel reserves to 

remain unextracted (Welsby et al., 2021; UNEP, 2023). 

Despite these constraints, the structure of global energy demand has evolved in a manner that has 

allowed oil, relative to coal, to retain a dominant position. Although the shares of electricity and natural 

gas in the global energy mix are increasing and coal consumption is declining, oil continues to play a 

pivotal role because of its critical importance in heavy transportation, aviation, and the petrochemical 

industry (OPEC, 2025). This persistence suggests that the energy transition does not imply the rapid 

elimination of fossil fuels, but rather a redefinition of their role within a diversified and heterogeneous 

energy system. In this context, McKinsey’s Global Energy Perspective 2025 presents a realistic 

representation of alternative energy transition pathways through three plausible scenarios: “Delayed 

Evolution,” “Current Trajectory,” and “Sustainable Transformation” (McKinsey & Company, 2025). 

These scenarios are not deterministic forecasts; rather, they represent internally consistent narratives of 

possible futures based on different assumptions regarding policy ambition, technological progress, and 
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structural constraints. The modeling results indicate that even under the most optimistic “Sustainable 

Transformation” scenario, characterized by effective carbon pricing, extensive international 

cooperation, and the removal of infrastructure bottlenecks, fossil fuels are still expected to account for 

approximately 41 percent of global final energy consumption by 2050, as illustrated in Figure 1. Under 

the “Current Trajectory” and, particularly, the “Delayed Evolution” scenarios, this share is considerably 

higher and may reach 55 percent (McKinsey & Company, 2025). 

 

Figure 1 

Global final energy consumption by fuel under alternative scenarios (million terajoules) (IEA; Energy Solutions 

by McKinsey). 

*Includes heat, geothermal, and solar thermal energy. 

*Includes synthetic fuels, biofuels, and other biomass fuels. 

*Includes both metallurgical coal used in steelmaking and thermal coal used for heat generation. 
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A comparison of these scenarios also reveals a structural tension between global climate objectives and 

national energy security considerations. In scenarios that prioritize affordability and supply security, 

particularly through greater reliance on domestic fossil fuel resources, the pace of decarbonization slows 

markedly. This finding underscores that the concept of “energy security” is highly contingent on 

countries’ geographical positions and resource endowments. Fossil fuel–rich countries tend to define 

energy security in terms of the continued exploitation of domestic reserves, whereas energy-importing 

countries increasingly associate energy security with the rapid development of domestic renewable 

energy sources (McKinsey & Company, 2025). This geopolitical heterogeneity has itself become one 

of the principal barriers to achieving a coherent and globally integrated energy transition pathway. Such 

institutional and political heterogeneity is not merely a descriptive feature; empirical evidence suggests 

that political stability can fundamentally alter the environmental outcomes of economic policies, 

including trade openness, by acting as a threshold condition that distinguishes ineffective from effective 

policy regimes (Mokhtari Torshizi et al., 2026). 

From a theoretical perspective, these dynamics can be interpreted through two dominant frameworks in 

the energy economics literature. The structural substitution model explains how technological 

innovation and changes in relative prices gradually transform the composition of energy carriers over 

the long term (Geels, 2002; Geels et al., 2017). Complementing this perspective, the final demand 

transformation framework emphasizes the role of demand-side factors, including income growth, 

urbanization, demographic change, and shifts in production structures, in shaping energy consumption 

trajectories (Engwerth et al., 2024; Engwerth et al., 2025; Shobande et al., 2025). Taken together, these 

frameworks demonstrate that the energy transition is not solely a supply-driven phenomenon; rather, 

structural changes on the demand side play a decisive role in determining its pace, direction, and broader 

economic implications (O’Shaughnessy et al., 2022). 

2.2. Product-based analysis of oil demand and the role of naphtha in the energy transition 

Over recent decades, the oil and gas industry has remained central to the dynamics of the energy 

transition, raising a fundamental question for policymakers and investors regarding how hydrocarbon 

resources can be utilized in a manner consistent with decarbonization and climate objectives while 

preserving energy security and macroeconomic stability (Halttunen et al., 2023; Zhang et al., 2023). A 

substantial body of recent literature emphasizes that oil and gas are likely to continue playing a critical 

role as transitional energy sources until low-carbon technologies fully mature. This literature also 

suggests that targeted investment in emerging technologies can help safeguard global energy security 

during the transition period (Cherepovitsyn et al., 2023; Soemanto et al., 2023). 

Within this context, the strategic responses of oil companies and their interactions with national policies 

and environmental regulations have become increasingly important. Empirical studies suggest that the 

strategic reorientation of oil companies, particularly through expanded investment in carbon capture 

and storage (CCS), renewable energy, and, notably, petrochemical industries, can facilitate a more 

gradual and resilient energy transition (Dadd et al., 2023; Hughes and Zabala, 2023; Salygin and Lobov, 

2021; Abraham-Dukuma, 2021). These strategies are strongly shaped by national institutional and 

policy frameworks. While European oil majors such as BP and TotalEnergies have increasingly shifted 

toward wind and solar energy, companies in the Middle East and Asia have predominantly focused on 

expanding natural gas value chains, petrochemicals, CCS, and hydrogen (Sgouridis et al., 2013; Lutz et 

al., 2017). Such institutional and geopolitical divergences have introduced new dynamics into the global 

oil market and fundamentally reshaped oil demand patterns. 

In this setting, analyzing oil demand in aggregate terms has important limitations. Aggregate 

approaches cannot adequately capture behavioral heterogeneity among consumers or technological and 
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institutional differences across economic sectors. Evidence indicates that climate policies, carbon 

taxation, and the accelerated electrification of transportation have exerted substantial downward 

pressure on traditional fuel products, particularly gasoline and diesel (Ahmad and Zhang, 2020). At the 

same time, sectors such as petrochemicals, aviation, and maritime transportation, which face significant 

technological substitution constraints, have accounted for a growing share of global oil consumption. 

This divergence suggests that the energy transition does not necessarily entail a uniform decline in oil 

demand, but rather a recomposition of demand across petroleum products. 

From this perspective, a product-based analysis of oil demand offers important analytical and policy 

advantages. Each petroleum product is characterized by a distinct pattern of end use, price and income 

elasticities, and interactions with substitute technologies. Both classical and recent studies show that 

products such as gasoline and diesel tend to exhibit relatively low elasticities, whereas products with 

industrial or mixed uses are generally more responsive to price changes and macroeconomic conditions 

(Cooper, 2003; Dargay and Gately, 2010). Moreover, recent research indicates that in emerging 

economies, non-price factors, including improvements in energy efficiency, climate policies, and 

structural changes in production, have become increasingly influential in shaping energy demand 

(Baumeister and Kilian, 2016; Eleyan et al., 2021). 

Within this framework, distinguishing between predominantly fuel-based products and those with dual 

or non-fuel uses becomes particularly important. A declining share of road transportation does not 

necessarily imply a reduction in total oil demand; rather, it may reflect a shift toward material-based 

applications with higher value added (IEA, 2023; OPEC, 2024; BP, 2025). This transformation 

highlights the role of petroleum products as an intermediate link between crude oil markets, refining 

systems, and final consumption, underscoring the need for a more nuanced policy approach during the 

energy transition. 

Among petroleum products, naphtha occupies a distinctive position. Naphtha is not only a major 

refinery product but also a critical feedstock for the petrochemical and chemical industries, serving as 

a key link between upstream oil production, refining, and downstream manufacturing. Unlike 

predominantly fuel-based products, naphtha demand is influenced less by final consumption patterns 

and transportation policies and more by factors such as industrial growth, expansion of petrochemical 

capacity, feedstock pricing structures, and industrial and trade policies. These characteristics imply that 

naphtha demand may follow a trajectory distinct from that of other petroleum products during the 

energy transition and may exhibit relative resilience even as fuel demand declines. 

Despite the importance of these distinctions, much of the existing literature remains subject to notable 

limitations, including a focus on short time horizons, assumptions of symmetric demand responses to 

changes in price and income, and insufficient differentiation between fuel and non-fuel products (Atil 

et al., 2014; Herrera et al., 2021). Furthermore, many quantitative approaches conceptualize the energy 

transition primarily in terms of supply-side decarbonization objectives without systematically 

incorporating core demand-side considerations, such as heterogeneity in end use and constraints on 

substitution. 

To address these gaps, the present study adopts a product-based approach with a particular focus on 

naphtha to examine the structural dynamics of oil demand in the context of the energy transition. By 

employing long-term panel data, product-level disaggregation, and a sample of major oil-consuming 

economies, the analysis enables more precise identification of the relationships between economic, 

price, and industrial variables and naphtha demand. The findings provide policy-relevant insights for 

recalibrating refinery configurations, designing differentiated pricing policies, and guiding investment 

strategies across the integrated refining–petrochemical value chain. 
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2.3. The structure of naphtha demand and the reconfiguration of refining patterns in the context 

of the energy transition 

Owing to its dual role within the refining–petrochemical value chain, naphtha occupies a distinctive 

position in both the energy economics literature and policy debates on the energy transition. Unlike 

many petroleum products that are consumed predominantly in final energy-use sectors, most notably 

transportation, naphtha is closely linked not only to fuel use but also to industrial production structures, 

the development of petrochemical value chains, and downstream investment decisions. This 

characteristic makes the analysis of naphtha demand not merely complementary to aggregate oil 

demand studies, but essential for understanding the structural dynamics of energy markets during the 

transition period. 

From a theoretical perspective, naphtha demand can be interpreted through two complementary 

analytical frameworks. The first is the structural substitution model of energy carriers, which explains 

how technological change, shifts in relative prices, and environmental policies reshape the energy 

consumption mix over the long term (Geels, 2002; Geels et al., 2017). Within this framework, the 

energy transition does not necessarily imply a uniform decline across all petroleum products. Instead, 

products embedded in industrial and chemical value chains may follow demand trajectories distinct 

from those governing final-use fuels. While coal consumption declines and fossil fuel use in 

transportation becomes increasingly constrained, the role of products such as naphtha in non-fuel 

applications may persist or even strengthen. 

The second framework is the final demand transformation approach, which emphasizes the roles of 

income growth, industrial structure, urbanization, and the expansion of the service sector in shaping 

energy demand patterns (Engwerth et al., 2024; Engwerth et al., 2025). This perspective highlights that 

demand for products such as naphtha reflects industrial development trajectories rather than household 

final consumption. Accordingly, naphtha represents a segment of oil demand that is directly linked to 

industrial growth strategies, petrochemical expansion, and national policies aimed at deepening value 

chains. 

Within this theoretical setting, naphtha, classified as a light refinery cut, exhibits a product-specific 

demand function that fundamentally distinguishes it from conventional transportation fuels. Unlike 

gasoline and diesel, whose demand is largely driven by transportation activity, naphtha demand is 

directly linked to industrial activity, petrochemical production capacity, and the relative prices of 

alternative feedstocks (Speight, 2016; IHS Markit, 2023). Consequently, naphtha is less exposed to 

demand shocks arising from transport electrification and carbon-reduction policies during the energy 

transition and, under some scenarios, may even gain relative importance. 

Analytically, naphtha demand can be explained by four main categories of variables. First, naphtha 

prices, which, similar to those of other refined products, are structurally linked to crude oil prices and 

play a central role in shaping demand behavior (Hamilton, 2009; Baumeister and Kilian, 2016). Second, 

industrial activity and petrochemical output influence naphtha consumption through the prices and 

demand for downstream products, particularly light olefins and aromatics. The empirical literature 

consistently reports strong correlations between naphtha demand and the prices of products such as 

benzene, toluene, xylenes, ethylene, and propylene (IHS Markit, 2023; Platts Analytics, 2024). Third, 

lagged demand components capture persistence and gradual adjustment in naphtha consumption. 

Fourth, macroeconomic variables, most notably gross domestic product (GDP) per capita, serve as 

proxies for economic development trajectories and industrial absorption capacity (Banna et al., 2023). 

A key element of the present theoretical framework is the explicit consideration of structural shocks 

and regime shifts in demand during the energy transition. Over the past two decades, global oil markets 
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have experienced a combination of supply-side disruptions, pronounced price volatility, and unexpected 

demand shocks, including the COVID-19 pandemic. These developments have, at times, weakened 

traditional price–demand relationships and introduced new behavioral regimes in petroleum product 

consumption (Husain et al., 2015; Jang and Beruvides, 2020; Patidar et al., 2024). From this perspective, 

including lagged demand terms to capture persistence in consumption behavior enables product-level 

models to more accurately reflect the behavioral and institutional characteristics of energy markets 

under transition conditions. 

Changes in naphtha demand have direct implications for refinery configurations. As product demand 

patterns evolve, refineries are compelled to rebalance their output portfolios through investments in 

upgrading units, rerouting of refinery cuts, and enhanced operational flexibility (Gary et al., 2007; 

Speight, 2014). In this context, the rising relative importance of naphtha strengthens the economic 

rationale for shifting from traditional fuel-oriented refineries toward integrated refining–petrochemical 

configurations. Such configurations can increase value added while mitigating exposure to volatility in 

fuel markets (Figure 2). 

 

Figure 2 

Petro-refining structure: an approach to producing petrochemical products from naphtha feedstock (Nexant 

Thinking™, Feasibility Study for Siraf Refinery Complex, February 2018.) 

This structural transformation has been interpreted in the industrial literature as a gradual but deliberate 

transition from non-integrated refineries toward higher levels of refining–petrochemical integration. 

Along this trajectory, as the share of chemical products in the output slate increases, the focus of refining 

shifts from the production of final transportation fuels toward the generation of higher value-added 

chemical feedstocks. The culmination of this process is the emergence of crude oil-to-chemicals 

(COTC) technology as a new paradigm in the refining and petrochemical industries. 

According to IHS Markit analyses, COTC technology has been recognized since the mid-2010s as a 

breakthrough innovation in refining–petrochemical integration, with the potential to nearly double the 

margin per barrel of crude oil relative to conventional refinery configurations (IHS Markit, 2019). The 

economic rationale underlying this technology is rooted in the gradual decline in fossil fuel demand in 

the transportation sector, driven by technological progress, increasingly stringent environmental 

policies, and growing climate awareness. Under these conditions, sustaining refinery profitability 
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increasingly depends on shifting from fuel-oriented outputs toward higher value-added chemical 

products. 

In conventional refinery configurations, chemical products typically account for less than 10 percent of 

total output. In contrast, COTC complexes can increase this share to more than 70 percent, enabling 

crude oil to be converted more directly into feedstocks for petrochemical value chains rather than 

primarily through conventional fuel-production pathways. From this perspective, COTC represents the 

highest level of refining–petrochemical integration and can be regarded as the logical outcome of the 

broader structural trend initiated by the growing importance of products such as naphtha. 

Within this transition, naphtha plays a pivotal role as a critical link between refining and chemical 

production, facilitating the conversion of refinery streams into olefins and aromatics. Consequently, 

changes in naphtha demand not only compel refineries to rebalance their production portfolios but also 

influence investment decisions toward more integrated technologies and, ultimately, COTC-based 

configurations. In this sense, COTC can be understood as the technological and institutional 

embodiment of the evolving role of oil in the era of the energy transition, in which oil is transformed 

from a predominantly fuel-based energy carrier into a strategic feedstock for the chemical and advanced 

materials industries. 

 

Figure 3 

The evolution of petro-refineries (IHS Markit, 2021). 

From an investment perspective, the relative resilience of naphtha demand compared with several 

transportation fuels has important implications for decisions related to reforming, cracking, and 

aromatics units. These dynamics are particularly significant for oil-producing countries seeking to 

diversify their economies and reduce their dependence on crude oil exports. At the same time, oil-

consuming countries can pursue industrial and climate objectives simultaneously by expanding 

petrochemical value chains and optimizing feedstock portfolios. 

Overall, this theoretical framework demonstrates that analyzing naphtha demand in the context of the 

energy transition is not merely a means of understanding market behavior, but also provides a 
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foundation for redefining the role of refining, designing industrial policies, and aligning climate 

objectives with development strategies. Rather than resulting in a linear phase-out of petroleum 

products, the energy transition entails a reconfiguration of their roles within a diversified energy system. 

Within this reconfiguration, naphtha occupies a central position as a key link connecting energy 

systems, industrial production, and downstream value chains. 

3. Linking the theoretical framework to the empirical model and specification of naphtha 

demand 

3.1. Synthesis of the theoretical framework and rationale for quantitative analysis 

The theoretical framework developed in the preceding sections demonstrates that the energy transition 

is neither a linear nor a uniform process. Rather, it unfolds through a redefinition of the roles played by 

petroleum products within the energy–industry nexus and through gradual shifts in demand patterns. In 

this context, products that function primarily as final fuels are largely shaped by decarbonization 

policies, electrification, and improvements in energy efficiency. By contrast, products with 

predominantly industrial applications, most notably naphtha, are less directly linked to final energy 

consumption and are instead influenced by industrial development trajectories, refinery structures, and 

the evolution of petrochemical value chains. 

The literature on the energy transition and demand economics suggests that consumption responses to 

price and policy changes may exhibit persistence and gradual adjustment, particularly in the presence 

of long-term refinery investments, technological lock-in, and interdependence between fuel and 

chemical markets. These characteristics imply that product-level price–demand relationships may 

evolve over time and vary across countries. Consequently, empirical evaluation of the theoretical 

propositions requires an econometric framework capable of accommodating cross-country structural 

heterogeneity and persistence in demand. 

Accordingly, the empirical analysis in this study focuses on naphtha demand to examine how prices, 

income, and downstream industrial variables are associated with demand patterns in the context of the 

energy transition. This approach enables a clear distinction between fuel-oriented and industrial 

petroleum products and provides an empirical basis for assessing the theoretical proposition that the 

role of oil is being redefined in the era of the energy transition. 

3.2. Dependent variable: naphtha demand 

The primary dependent variable in this study is naphtha demand in the selected countries. The exclusive 

focus on naphtha is not merely a data-driven choice but rather a theoretically grounded and policy-

relevant decision. As a petroleum product with a predominantly industrial and petrochemical function, 

naphtha occupies a distinctive position in the context of the energy transition, and its demand behavior 

does not necessarily follow the same dynamics as transportation fuels. 

In much of the energy transition literature, declining demand for fuel products is typically analyzed as 

a direct consequence of decarbonization policies, electrification, and improvements in energy 

efficiency. Naphtha, however, is structurally integrated into the refining–petrochemical value chain and 

serves as a key feedstock for the production of olefins and aromatics. Its demand therefore reflects 

industrial development trajectories, downstream investment decisions, and the dynamics of chemical 

product markets rather than patterns of final energy consumption. Focusing on naphtha demand thus 

enables an empirical examination of the hypothesis that the energy transition does not lead to a uniform 
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decline across all petroleum products but instead reshapes the composition and functional role of oil 

demand. 

The selection of data and the scope of the analysis are designed to enhance the policy relevance and 

interpretability of the results. To capture the dynamics of naphtha demand in the context of the energy 

transition, the study employs long-term panel data covering the period 2000–2024, during which the 

global oil market experienced three distinct price and structural regimes. The first phase corresponds to 

the unprecedented increase in oil prices leading up to 2008; the second encompasses the period of 

stabilization and medium-term volatility following the global financial crisis; and the third reflects the 

sharp decline in oil prices after 2014, driven by the shale oil supply shock, followed by the demand 

collapse associated with the COVID-19 pandemic in 2020. This structural diversity provides an 

appropriate empirical setting for analyzing naphtha demand under heterogeneous economic, price, and 

policy conditions (Husain et al., 2015; Jang and Beruvides, 2020; Patidar et al., 2024). 

From a geographical perspective, the analysis focuses on ten major oil-consuming countries: the United 

States, China, India, Russia, Saudi Arabia, Japan, Brazil, South Korea, Germany, and Canada. Together, 

these countries account for approximately 62 percent of global oil demand (ENI, 2025). These 

economies are not only among the world’s largest energy consumers but also play a decisive role in 

shaping long-term oil market trajectories through their economic scale, demographic characteristics, 

industrial investment patterns, and climate policy orientations. The heterogeneous composition of the 

sample, ranging from advanced industrial economies with relatively low energy intensity to rapidly 

growing emerging economies, enables the examination of structural differences in naphtha demand 

behavior across countries. 

Data on naphtha demand are obtained from the U.S. Energy Information Administration (EIA), a source 

widely recognized in energy economics research for its global coverage, methodological consistency, 

and standardized definitions. Price data for naphtha and downstream petrochemical products are 

collected from S&P Global Platts and IHS Markit, which provide benchmark physical-market prices 

and structurally consistent time series for the refining and petrochemical sectors. Macroeconomic 

variables, including gross domestic product (GDP) per capita, are obtained from the World Bank’s 

World Development Indicators to ensure international comparability. 

Integrating these data sources enables an analysis of naphtha demand that extends beyond statistical 

estimation by providing greater structural depth and policy relevance. Accordingly, naphtha demand, 

as the dependent variable in this study, serves as a key indicator of the interaction among oil markets, 

industrial development, and the energy transition and forms the empirical foundation for the 

econometric analysis presented in the subsequent sections. 

3.3. Explanatory variables and the structure of naphtha price and demand functions 

The selection of explanatory variables in the naphtha demand model reflects the close empirical 

relationships among crude oil, refining, and petrochemical markets. In the context of the energy 

transition, these relationships are particularly relevant because naphtha functions both as a petroleum 

product and as a key petrochemical feedstock. Accordingly, the empirical specification employed in 

this study is designed to capture predictive co-movements between naphtha demand, benchmark energy 

prices, macroeconomic conditions, and downstream petrochemical market indicators. 

The energy economics literature demonstrates that the prices of petroleum products, including naphtha, 

tend to move closely with global crude oil prices because of the integrated nature of the oil value chain, 

international pricing mechanisms, and the role of crude oil as the primary input in refining processes 

(Hamilton, 2009; Baumeister and Kilian, 2016). In this study, the benchmark naphtha price is therefore 
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modeled as a function of the global crude oil price within an auxiliary reduced-form time-series 

specification that also incorporates autoregressive and moving-average components. The purpose of 

this equation is not to identify a structural price-transmission mechanism, but rather to filter and 

summarize the empirical association between crude oil prices and the benchmark naphtha price. 

Symbolically, the naphtha price equation is specified as follows: 

𝑃Naphtha,t = 𝑓(𝑃Oil,t) + ARMA (1) 

where 𝑃Naphtha,t denotes the international benchmark price of naphtha and 𝑃Oil,t indicates the global 

crude oil price. The ARMA component captures serial dependence in the naphtha price series that is 

not explained by contemporaneous crude oil price movements. 

Once estimated, the benchmark naphtha price is included in the demand equation as a market-condition 

variable. In energy demand models, prices are commonly used to represent changes in opportunity 

costs, relative input costs, and broader market incentives faced by consumers and industrial users. For 

industrial petroleum products such as naphtha, price movements may be particularly relevant because 

consumption is closely linked to refining and petrochemical production decisions, medium-term supply 

contracts, and feedstock substitution possibilities. Empirical studies suggest that demand for industrial 

petroleum products may respond differently from demand for final transportation fuels, underscoring 

the importance of examining naphtha separately in the context of the energy transition (Caldara et al., 

2019; Abdullahi and Sani, 2021; Ghoddusi et al., 2022). 

To account for persistence in consumption, the demand equation includes a lagged dependent variable, 

(𝐷𝑁𝑎𝑝ℎ𝑡ℎ𝑎,𝑖,𝑡−1). This term captures the gradual adjustment of industrial naphtha use over time, 

consistent with the capital-intensive nature of refining and petrochemical activities. Gross domestic 

product (GDP) per capita is also included as a country-specific indicator of economic development and 

industrial activity. Rather than being interpreted as a structurally identified growth effect, this variable 

captures the conditional association between the level of economic development and naphtha demand 

across countries and over time. 

A central feature of the demand specification is the inclusion of downstream petrochemical product 

prices, including those of benzene, toluene, xylenes, propylene, and ethylene. Naphtha is widely used 

as a feedstock for the production of light olefins and aromatics; therefore, its demand is expected to be 

empirically associated with conditions in downstream petrochemical markets. The refining and 

petrochemical literature documents close co-movement between naphtha consumption and the prices 

of benzene, toluene, and xylenes (BTX), as well as light olefins (IHS Markit, 2023; Platts Analytics, 

2024). 

It should be emphasized that the price variables used in this study are international benchmark or 

assessment prices obtained from global pricing references and are applied uniformly across countries 

in the panel. They are therefore not country-specific domestic prices jointly determined with each 

country’s contemporaneous naphtha demand. Instead, they are included as external benchmark 

indicators of global petrochemical market conditions, downstream profitability signals, and industrial 

incentives. Accordingly, the coefficients on these price variables should be interpreted as reduced-form 

conditional associations and predictive co-movements rather than as structural causal effects or cross-

price elasticities. 

Given this set of explanatory variables, the naphtha demand function is specified as follows: 
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𝐷𝑁𝑎𝑝ℎ𝑡ℎ𝑎,𝑖,𝑡 = 𝛼0 + 𝛽1𝑃𝑁𝑎𝑝ℎ𝑡ℎ𝑎,𝑡 + 𝛽2𝐷𝑁𝑎𝑝ℎ𝑡ℎ𝑎,𝑖,𝑡−1 + 𝛽3𝐺𝐷𝑃𝑝𝑒𝑟𝑖,𝑡

+ 𝛽4𝑃𝐵𝑒𝑛𝑧𝑒𝑛𝑒,𝑡 + 𝛽5𝑃𝑇𝑜𝑙𝑢𝑒𝑛𝑒,𝑡 + 𝛽6𝑃𝑋𝑦𝑙𝑒𝑛𝑒𝑠,𝑡 + 𝛽7𝑃𝑃𝑟𝑜𝑝𝑦𝑙𝑒𝑛𝑒,𝑡

+ 𝛽8𝑃𝐸𝑡ℎ𝑦𝑙𝑒𝑛𝑒,𝑡 + 𝑢𝑖,𝑡 

(2) 

where 𝐷𝑁𝑎𝑝ℎ𝑡ℎ𝑎,𝑖,𝑡 denotes naphtha demand in country i at time t, 𝐺𝐷𝑃𝑝𝑒𝑟𝑖,𝑡 indicates GDP per capita, 

and the price variables represent international benchmark prices. The error term 𝑢𝑖,𝑡 captures 

unobserved factors affecting naphtha demand. This specification allows naphtha demand to be 

empirically related to benchmark energy prices, macroeconomic conditions, persistence in industrial 

consumption, and downstream petrochemical market indicators. Given the benchmark nature of the 

price variables, the estimated coefficients are interpreted as conditional associations within a reduced-

form panel demand framework rather than as structurally identified causal effects. 

Overall, this section establishes the empirical link between the study’s conceptual framework and its 

econometric analysis. Building on this specification, the next section presents the estimation 

methodology, econometric diagnostics, and empirical results. 

4. Econometric model 

This study employs long-run panel data and advanced econometric techniques to empirically analyze 

petroleum product demand, with a particular focus on naphtha, across ten major oil-consuming 

countries. The use of panel data allows simultaneous control for cross-sectional heterogeneity and 

temporal variation, thereby improving the precision of the estimated relationships between the 

explanatory variables and demand patterns. In terms of its purpose, the research is applied, while 

methodologically it follows a descriptive–correlational approach in which hypotheses derived from the 

theoretical framework are evaluated through statistical testing. 

The data analysis is conducted in a stepwise manner. In the first stage, data collected from multiple 

sources are conceptually and statistically screened, summarized, and processed to ensure consistency 

and reliability, thereby providing a robust foundation for the subsequent econometric analysis. This 

procedure is intended to enhance the validity and generalizability of the empirical findings. 

The empirical model is estimated in two main steps. In the first step, the naphtha price function is 

estimated to explicitly account for its structural dependence on global crude oil prices. In the second 

step, the naphtha demand function is estimated as a function of product price, lagged demand, 

macroeconomic variables, and indicators reflecting downstream petrochemical market conditions. 

4.1. Stationarity tests 

Prior to estimating the regression models, unit root diagnostics are conducted because the presence of 

nonstationary variables may lead to spurious regression results (Granger and Newbold, 1974). Given 

the mixed structure of the dataset, stationarity is assessed differently for country-specific panel variables 

and global benchmark price variables. 

For the country-specific panel variables, namely naphtha demand and gross domestic product (GDP), 

heterogeneous panel-oriented diagnostics are employed using country-level augmented Dickey–Fuller 

(ADF) statistics summarized in an Im–Pesaran–Shin (IPS)-type framework. This approach is more 

appropriate than relying exclusively on the Levin–Lin–Chu (LLC) test, which assumes a common 

autoregressive coefficient across cross-sectional units (Levin et al., 2002; Im et al., 2003). 

For the price variables, including naphtha, propylene, ethylene, benzene, toluene, xylenes, and crude 

oil prices, the series are treated as global benchmark variables that are common to all countries in a 
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given year rather than as independent country-level panel observations. Accordingly, conventional ADF 

tests are applied to the annual benchmark series after retaining a single observation for each year. The 

results are reported in Table 1. 

Importantly, these findings are interpreted as supportive diagnostics rather than definitive evidence of 

level stationarity. This cautious interpretation reflects the heterogeneous structure of the panel, the 

benchmark nature of the price variables, and the limited length of the annual sample. With this caveat 

in place, the subsequent section introduces the panel estimation techniques, model selection diagnostics, 

and empirical results. 

Table 1 

Revised unit root diagnostic tests (Authors’ calculations, software output) 

Variable Test Statistic P-value 
Nunits or 

years used 

Min t across 

countries 

Max t across 

countries 
Note for paper 

𝑵𝑫𝒆𝒎𝒂𝒏𝒅 
IPS-style (mean 

country ADF t-stat) 
–0.90582  10 –2.76971 2.108574 

Supportive diagnostic 

(heterogeneous panel 

variable) 

𝑮𝑫𝑷 
IPS-style (mean 

country ADF t-stat) 
–0.40394  10 –1.85677 1.835777 

Supportive diagnostic 

(heterogeneous panel 

variable) 

𝑷𝑵𝒂𝒑𝒉𝒕𝒉𝒂 
ADF (yearly 

benchmark series) 
–1.74283 0.409193 25   Benchmark series common 

to all countries 

𝑷𝑷𝒓𝒐𝒑𝒚𝒍𝒆𝒏𝒆 
ADF (yearly 

benchmark series) 
–2.1138 0.239001 25   Benchmark series common 

to all countries 

𝑷𝑬𝒕𝒉𝒚𝒍𝒆𝒏𝒆 
ADF (yearly 

benchmark series) 
–2.05206 0.264225 25   Benchmark series common 

to all countries 

𝑷𝑩𝒆𝒏𝒛𝒆𝒏𝒆 
ADF (yearly 

benchmark series) 
–2.22651 0.196763 25   Benchmark series common 

to all countries 

𝑷𝑻𝒐𝒍𝒖𝒆𝒏𝒆 
ADF (yearly 

benchmark series) 
–2.28337 0.177387 25   

Benchmark series common 

to all countries 

𝑷𝑿𝒚𝒍𝒆𝒏𝒆𝒔 
ADF (yearly 

benchmark series) 
–2.27931 0.178727 25   

Benchmark series common 

to all countries 

𝑷𝑶𝒊𝒍 
ADF (yearly 

benchmark series) 
–1.57545 0.495913 25   

Benchmark series common 

to all countries 

4.2. Estimation of the naphtha price function 

To account for the close co-movement between global crude oil prices and the global benchmark 

naphtha price, the naphtha price equation is estimated in the first step using an auxiliary reduced-form 

autoregressive moving average (ARMA) model. The purpose of this specification is not to identify a 

structural price-transmission mechanism, but rather to summarize the predictive association between 

crude oil prices and naphtha prices before proceeding to the subsequent demand estimation. 

In this specification, the crude oil price is included as a key external benchmark variable, while 

autoregressive and moving-average terms are incorporated to capture persistence and short-run serial 

dependence in the naphtha price series. The optimal lag structure is selected based on the Box–Jenkins 

methodology (Souri, 2021), allowing the model to adequately represent the observed time-series 

dynamics of the benchmark price series. 

The estimation results are reported in Table 2. The results indicate that crude oil prices are positively 

associated with naphtha prices within the reduced-form ARMA framework. This pattern is consistent 

with the observed co-movement between upstream crude oil markets and downstream petroleum 

product benchmark prices. However, the estimated coefficient on crude oil price is interpreted as a 

reduced-form predictive association rather than as a structural long-run elasticity, a causal effect, or 

formal evidence of a cointegrating relationship. 
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Table 2  

Reduced-form ARMA estimates for the naphtha benchmark price; Dependent Variable: NAPHTHAP 

Method: ARMA maximum likelihood (BFGS); Sample: 2000–2024 (Authors’ calculations, software output) 

Variable Coefficient Standard Error t-Statistic Probability 

C 41.52152 31.03064 1.338081 0.1959 

OILP 7.106048 0.443322 16.02908 0.0000 

AR (2) 0.496421 0.175702 2.825358 0.0069 

MA (1) 0.332052 0.090912 3.652455 0.0003 

SIGMASQ 627.0181 179.0760 3.501407 0.0022 

R-squared 0.983706 Mean dependent var 514.0800 

Adjusted R-squared 0.980447 S.D. dependent var 200.2136 

S.E. of regression 27.99594 Akaike info criterion 9.696615 

Sum squared resid 15675.45 Schwarz criterion 9.940390 

Log likelihood –116.2077 Hannan-Quinn criteria 9.764228 

F-statistic 301.8657 Durbin-Watson stat 2.110862 

Prob(F-statistic) 

0.000000 

Based on the estimated model, naphtha prices exhibit persistence through a second-order autoregressive 

component and a first-order moving-average term, indicating short-run dependence in the benchmark 

price series. In addition, the crude oil price enters the reduced-form specification with a positive and 

statistically significant coefficient, indicating a strong predictive association between movements in 

crude oil prices and benchmark naphtha prices. This finding should be interpreted as evidence of 

reduced-form co-movement within the ARMA framework rather than as confirmation of a structural 

price-transmission mechanism. 

4.3. Estimation of the naphtha demand function 

In the next step, the naphtha demand function is estimated using panel data techniques. Prior to the final 

estimation, panel model specification tests are conducted to identify the preferred estimation method 

among the alternative specifications considered. The results of the Limer and Hausman tests are 

reported in Table 3. 

Table 3 

Panel model specification tests for the naphtha demand function (Authors’ calculations based on the software 

output) 

Test Test statistic 
Degrees of 

freedom 
p-value Decision 

Limer test: Cross-section F 5.666813 (9, 222) 0.0000 
Panel-data model 

preferred 

Limer test: Cross-section Chi-

square 
49.631821 9 0.0000 

Panel-data model 

preferred 

Hausman test 23.312317 6 0.0001 
Fixed-effects model 

preferred 

The Limer test rejects the null hypothesis that a pooled regression model is sufficient, indicating that 

the panel-data structure should be retained. The Hausman test also rejects the null hypothesis in favor 
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of the fixed-effects estimator. Accordingly, the fixed-effects panel model is selected as the preferred 

specification among the alternatives considered. 

The selection of a fixed-effects specification indicates that persistent country-specific characteristics 

play an important role in shaping naphtha demand. These characteristics may include differences in 

industrial structures, refinery configurations, petrochemical capacities, feedstock availability, and 

energy policy regimes. Because such factors vary substantially across countries, the fixed-effects 

estimator is appropriate for controlling for unobserved, time-invariant country-specific heterogeneity. 

The baseline estimation results are presented in Table 4. The demand equation is estimated in levels; 

therefore, the coefficients should be interpreted as level effects and conditional associations rather than 

as elasticities. 

Table 4 

Baseline fixed-effects estimation results for the naphtha demand model; Dependent variable: Naphtha; Method: 

panel least squares; Effects specification: cross-section fixed effects (Authors’ calculations based on the 

software output). 

Variable Coefficient Std. error t-statistic p-value 

C −49,697.17 26,837.88 −1.851754 0.0654 

NAPHTHAP −202.8505 75.76933 −2.677212 0.0079 

NAPHTHAD (−1) 1.037783 0.014278 72.68511 0.0000 

GDPPER 2.644319 0.460675 5.740096 0.0000 

BENZEN 3.091226 1.213005 2.548403 0.0115 

TOLUENE 14,386.61 6,666.753 2.157964 0.0320 

XYLENES 14,442.52 6,648.559 2.172278 0.0309 

PROPYLEN 11,043.06 4,236.868 2.606420 0.0097 

ETHYLEN 11,113.68 4,232.152 2.626012 0.0092 

Model fit statistics 

Statistic Value Statistic Value 

R-squared 0.995187 Mean dependent variable 475,155.9 

Adjusted R-squared 0.994818 S.D. dependent variable 405,399.3 

S.E. of regression 29,182.45 Akaike information criterion 23.47256 

Sum squared residuals 1.89 × 1011 Schwarz criterion 23.73361 

Log likelihood −2,798.707 Hannan–Quinn criterion 23.57774 

F-statistic 2,700.076 Durbin–Watson statistic 2.033723 

Prob(F-statistic) 0.000000 
  

Note: Because the demand equation is estimated in levels and the explanatory variables are measured in different 

units, the estimated coefficients should be interpreted as level effects and conditional associations rather than as 

elasticities or standardized effects. Consequently, the numerical magnitudes of the coefficients are not directly 

comparable across variables. 
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The coefficient on the naphtha price variable (NAPHTHAP) is negative and statistically significant, 

with an estimated value of −202.8505 and a p-value of 0.0079. Holding the other explanatory variables 

constant, this result indicates an inverse association between naphtha price and naphtha demand. This 

finding is consistent with the conventional price–demand relationship, whereby higher naphtha prices 

are associated with lower levels of naphtha consumption. 

The coefficient on lagged naphtha demand, NAPHTHAD (−1), is positive and statistically significant, 

with an estimated value of 1.037783 and a p-value of 0.0000. This result indicates a high degree of 

persistence in naphtha demand. Current demand is strongly associated with past consumption patterns, 

reflecting structural inertia in refinery operations, petrochemical production systems, and industrial 

feedstock requirements. This persistence suggests that short-term price-based measures alone may be 

insufficient to induce substantial changes in the trajectory of naphtha demand. 

The coefficient on GDP per capita (GDPPER) is positive and statistically significant, with an estimated 

value of 2.644319 and a p-value of 0.0000. Holding the other explanatory variables constant, higher 

levels of GDP per capita are associated with higher levels of naphtha demand. This relationship 

highlights the role of economic activity and industrial development in shaping demand for 

petrochemical feedstocks. 

The estimated coefficients on the downstream petrochemical variables are also positive and statistically 

significant. The coefficient on BENZEN is 3.091226, with a p-value of 0.0115. The coefficients on 

TOLUENE and XYLENES are 14,386.61 and 14,442.52, with p-values of 0.0320 and 0.0309, 

respectively. These results indicate statistically significant positive associations between naphtha 

demand and conditions in downstream aromatic markets. 

Similarly, the coefficients on PROPYLEN and ETHYLEN are positive and statistically significant, with 

estimated values of 11,043.06 and 11,113.68 and p-values of 0.0097 and 0.0092, respectively. These 

findings indicate that stronger downstream olefin-market conditions are associated with higher levels 

of naphtha demand. Overall, the results underscore the close relationship between naphtha 

consumption, macroeconomic conditions, and developments in downstream petrochemical value 

chains. 

The model-fit statistics provide additional support for the estimated specification. The R-squared value 

is 0.995187, while the adjusted R-squared value is 0.994818. The model’s high explanatory power is 

partly attributable to the inclusion of country fixed effects and lagged demand, which capture persistent 

cross-country heterogeneity and demand inertia. The overall significance of the model is confirmed by 

an F-statistic of 2,700.076 with an associated p-value of 0.0000. Accordingly, the null hypothesis that 

the slope coefficients are jointly equal to zero is rejected. In addition, the Durbin–Watson statistic is 

2.033723, which does not indicate severe first-order residual autocorrelation. 

4.4. Testing parameter homogeneity across country groups 

Although the fixed-effects estimator controls for unobserved, time-invariant country-specific 

heterogeneity through differences in intercepts, it does not by itself test whether the slope parameters 

are homogeneous across structurally distinct country groups. This distinction is particularly important 

because the sample includes advanced economies, emerging economies, and oil-exporting economies. 

These groups differ in terms of industrial structures, refinery configurations, petrochemical capacities, 

feedstock conditions, and energy policy regimes. 

To examine whether the key demand relationships differ across country groups, the baseline fixed-

effects specification is extended by introducing interaction terms between selected explanatory 
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variables and country-group indicators. Advanced economies are used as the reference group, while 

emerging economies and oil-exporting economies are included as comparison groups. The extended 

specification allows the associations between naphtha demand and its key determinants, particularly 

naphtha price and GDP per capita, to vary across country groups. 

The interaction-based specification can be expressed as follows: 

𝑁𝐴𝑃𝐻𝑇𝐻𝐴𝑖𝑡 =    𝛼𝑖 + 𝛽1𝑁𝐴𝑃𝐻𝑇𝐻𝐴𝑃𝑖𝑡 + 𝛽2𝐺𝐷𝑃𝑃𝐸𝑅𝑖𝑡 + 𝛽3𝑁𝐴𝑃𝐻𝑇𝐻𝐴𝐷𝑖,𝑡−1 + 𝜸′𝐙𝑖𝑡

+𝛿1(𝑁𝐴𝑃𝐻𝑇𝐻𝐴𝑃𝑖𝑡 × 𝐸𝑚𝑒𝑟𝑔𝑖𝑛𝑔𝑖) + 𝛿2(𝑁𝐴𝑃𝐻𝑇𝐻𝐴𝑃𝑖𝑡 × 𝑂𝑖𝑙𝐸𝑥𝑝𝑜𝑟𝑡𝑒𝑟𝑖)

+𝛿3(𝐺𝐷𝑃𝑃𝐸𝑅𝑖𝑡 × 𝐸𝑚𝑒𝑟𝑔𝑖𝑛𝑔𝑖) + 𝛿4(𝐺𝐷𝑃𝑃𝐸𝑅𝑖𝑡 × 𝑂𝑖𝑙𝐸𝑥𝑝𝑜𝑟𝑡𝑒𝑟𝑖) + 𝜀𝑖𝑡 ,

 (3) 

where 𝑁𝐴𝑃𝐻𝑇𝐻𝐴𝑖𝑡 denotes naphtha demand in country 𝑖 at time 𝑡; 𝑁𝐴𝑃𝐻𝑇𝐻𝐴𝑃𝑖𝑡 represents the 

naphtha price; 𝐺𝐷𝑃𝑃𝐸𝑅𝑖𝑡 is GDP per capita; 𝑁𝐴𝑃𝐻𝑇𝐻𝐴𝐷𝑖,𝑡−1 is lagged naphtha demand; and 𝐙𝑖𝑡 

stands for the downstream petrochemical variables included in the baseline model. The interaction terms 

capture whether the price and GDP-related slopes differ between the reference group and the emerging 

or oil-exporting economies. 

The null hypotheses of parameter homogeneity are evaluated using Wald tests. The price-slope 

homogeneity test examines the following hypothesis: 

𝐻0: 𝛿1 = 𝛿2 = 0. 

The GDP-slope homogeneity test evaluates: 

𝐻0: 𝛿3 = 𝛿4 = 0. 

Finally, the joint slope-homogeneity test examines: 

𝐻0: 𝛿1 = 𝛿2 = 𝛿3 = 𝛿4 = 0. 

The results are reported in Table 5. 

Table 5 

Wald tests for parameter homogeneity across country groups (Authors’ calculations based on the interaction-

based fixed-effects specification) 

Hypothesis tested Chi-square statistic Degrees of freedom p-value Conclusion 

Price-slope homogeneity 6.672835 2 0.035564 Rejected 

GDP-slope homogeneity 6.386087 2 0.041047 Rejected 

Joint slope homogeneity 16.088752 4 0.002902 Rejected 

Note: Advanced economies are used as the reference group. The Wald tests examine whether the interaction terms 

between the country-group indicators and the selected explanatory variables are jointly equal to zero. Rejection 

of the null hypothesis indicates statistically significant slope heterogeneity across country groups. 

The Wald test results indicate that the null hypothesis of homogeneous price slopes is rejected at the 

5% significance level. This finding implies that the association between naphtha price and naphtha 

demand differs significantly across country groups. The null hypothesis of homogeneous GDP-related 

slopes is also rejected at the 5% significance level, indicating that the relationship between GDP per 

capita and naphtha demand is not uniform across advanced, emerging, and oil-exporting economies. 

Moreover, the joint Wald test rejects the null hypothesis that all interaction terms are simultaneously 

equal to zero. Taken together, these results provide evidence of statistically significant slope 

heterogeneity within the sample. 
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These findings refine the interpretation of the baseline fixed-effects results. Although the baseline 

model reported in Table 4 remains useful for controlling for unobserved country-specific differences in 

intercepts, the interaction-based tests demonstrate that the strength of the relationships between naphtha 

demand and its key determinants varies across country groups. Accordingly, the empirical findings 

should not be interpreted as representing a single homogeneous relationship that applies uniformly to 

all countries. Instead, they should be understood as conditional associations shaped by differences in 

industrial structures, petrochemical value chains, feedstock conditions, and other country-group 

characteristics. 

The results therefore support a differentiated interpretation of naphtha demand. Demand is associated 

not only with its own price and macroeconomic conditions, but also with developments in downstream 

petrochemical markets and country-specific structural characteristics. This conclusion highlights the 

importance of designing differentiated energy-transition strategies that account for the structural 

position of each country group within oil and petrochemical value chains. A more systematic discussion 

of the economic interpretation of these findings and their implications is presented in Section 5. 

5. Discussion 

The results of this study provide evidence of systematic associations between naphtha demand and a 

set of macroeconomic, price-related, and downstream petrochemical variables across the ten largest oil-

consuming countries. The estimated relationships suggest that naphtha demand differs from the 

conventional demand patterns typically observed for transportation fuels. Rather than being directly 

linked to final energy consumption behavior, naphtha demand appears to be more closely associated 

with downstream industrial conditions and developments in the petrochemical value chain. This 

interpretation is consistent with the existing literature, which emphasizes the role of naphtha as a key 

feedstock for the chemical industry and as an important link between the refining and petrochemical 

sectors (Pujro et al., 2016; IEA, 2018). 

The estimated demand model indicates a significant relationship between naphtha demand and the 

prices of downstream petrochemical products, particularly light olefins and aromatics. These 

associations suggest that naphtha demand may reflect broader conditions in the petrochemical value 

chain, including relative profitability, cracker utilization, and chemical product market conditions. 

Within this framework, crude oil price movements may continue to influence naphtha markets, but their 

relationship with demand appears to be mediated in part through downstream industrial variables. From 

a theoretical perspective, this finding is consistent with the view that naphtha should not be analyzed 

solely as an energy-oriented petroleum product. Rather, it may be more appropriately understood as an 

industrial input with a demand structure distinct from that of conventional petroleum fuels. 

The statistical significance of the lagged demand term indicates persistence in naphtha demand over 

time. This pattern is consistent with gradual adjustment to price-related or industrial changes, 

particularly in sectors characterized by technological constraints, contractual arrangements, and sunk 

investments. Such persistence is also consistent with the capital-intensive nature of the petrochemical 

industry and the relatively long adjustment periods required to modify feedstock structures. However, 

this result should be interpreted as evidence of temporal dependence within the estimated model rather 

than as proof of a causal adjustment mechanism. It suggests that changes in naphtha demand may occur 

gradually, even as climate and energy-transition policies evolve. 

The cross-sectional analysis further suggests substantial heterogeneity across countries. In emerging 

economies with rapidly expanding petrochemical capacities, such as China and India, naphtha demand 

appears to be more strongly associated with economic growth and chemical product prices. By contrast, 
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in advanced industrial economies, demand behavior appears to follow a more mature and relatively 

stable pattern. This heterogeneity indicates that the evolution of naphtha demand may depend on 

country-specific industrial structures, value-chain development strategies, and positions within the 

global petrochemical market. 

Overall, the findings suggest that naphtha represents an important interface between oil markets and the 

chemical industry. The results are consistent with the view that some components of oil demand may 

follow trajectories distinct from those of conventional fuel demand. Accordingly, the energy transition 

may involve not only a reduction in certain fuel-related uses of oil but also a recomposition of petroleum 

demand toward non-fuel and industrial applications. Nevertheless, because the empirical model is 

reduced-form in nature, these interpretations should be understood as conditional associations rather 

than as causal effects. 

6. Conclusions and policy implications 

This study examines naphtha demand across the ten largest oil-consuming countries over the 2000–

2024 period using a product-level panel approach. The findings suggest that aggregate oil demand 

analysis may be insufficient for understanding the differentiated roles of petroleum products during the 

energy transition. By focusing specifically on naphtha, the study highlights a segment of oil demand 

that appears to be closely associated with downstream petrochemical activity and industrial value-chain 

dynamics. 

The empirical results indicate that naphtha demand is significantly associated with its own price, income 

levels, lagged demand, and the prices of selected downstream petrochemical products. These 

relationships suggest that naphtha demand differs from conventional fuel demand and may be more 

closely linked to industrial production structures than to final energy consumption behavior. In this 

respect, the findings are consistent with the argument that the future role of oil may not be limited to its 

function as an energy carrier, but may increasingly involve its use as an industrial feedstock in chemical 

and petrochemical value chains. 

From an energy transition perspective, the results suggest that reductions in fossil fuel use may not 

affect all petroleum products uniformly. While transportation fuels may be more directly exposed to 

electrification, improvements in energy efficiency, and fuel-switching policies, naphtha demand may 

follow a more differentiated trajectory because of its role in the production of basic chemical materials. 

However, these findings should not be interpreted as causal evidence that energy transition policies will 

necessarily increase or preserve naphtha demand. Rather, they indicate that product-level demand 

structures should be considered when assessing the future composition of oil demand. 

6.1. Policy implications 

First, the findings suggest that energy transition policies may benefit from a more explicit distinction 

between fuel and non-fuel uses of oil. Policies such as electrification and energy efficiency standards 

primarily target final energy consumption and transportation fuels. In contrast, naphtha demand is 

associated with industrial and petrochemical applications, implying that complementary strategies 

involving material efficiency, recycling, circular economy practices, alternative feedstocks, and low-

carbon chemical production may also be relevant. 

Second, for oil-producing countries, the observed association between naphtha demand and 

downstream petrochemical variables suggests that changes in the composition of oil demand may have 

important implications for investment and industrial planning. Rather than relying exclusively on 

aggregate crude oil demand indicators, policymakers and firms may need to consider how demand shifts 
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across individual petroleum products. In this context, refining–petrochemical integration and petro-

refining configurations may represent strategic options, although their economic viability depends on 

country-specific conditions, technological capabilities, market structures, and climate policy 

constraints. 

Third, the findings underscore the importance of aligning climate policy with industrial policy. If 

demand for petroleum-derived feedstocks remains linked to hard-to-abate sectors such as 

petrochemicals, emissions-reduction strategies may need to incorporate technologies and practices such 

as process efficiency improvements, carbon capture, utilization, and storage (CCUS), low-carbon 

hydrogen, alternative feedstocks, and recycling-based production systems. The results do not establish 

the causal effectiveness of these policies, but they highlight areas in which greater policy coordination 

may be relevant. 

Finally, the study underscores the value of product-level data and models in energy policy analysis. 

Exclusive reliance on aggregate oil demand indicators may obscure heterogeneous demand patterns 

across petroleum products. Incorporating naphtha-specific dynamics into energy transition analysis can 

therefore provide a more detailed basis for scenario design and policy discussion. At the same time, the 

policy implications of this study should be interpreted with caution because the empirical model 

identifies conditional associations rather than causal effects. 

6.2. Limitations and directions for future research 

This study focuses on macro-level determinants of naphtha demand and does not explicitly model 

specific climate policy instruments or detailed feedstock substitution pathways. In addition, because the 

empirical specification includes a lagged dependent variable alongside country fixed effects, the 

estimated persistence effect should be interpreted with caution. Future research could extend this 

framework by incorporating policy variables, net-zero transition scenarios, more granular 

differentiation of petrochemical technologies, and alternative estimators designed for dynamic panel 

settings. Such extensions would provide deeper insights into the evolving role of naphtha in future oil 

markets and within the broader context of the global energy transition. 

A further limitation concerns the diagnostic assessment of the panel-data error structure. Although the 

Durbin–Watson statistic reported for the baseline fixed-effects model does not indicate severe first-

order autocorrelation, it is not a substitute for formal panel-specific diagnostic tests. In particular, this 

study does not report explicit tests for serial correlation or cross-sectional dependence, such as the 

Arellano–Bond serial correlation test or the Pesaran CD test. This issue is especially relevant because 

the sample consists of major oil-consuming countries, for which common global energy-market shocks 

may generate cross-sectional dependence across units. Consequently, the reported standard errors and 

significance levels should be interpreted with caution. Future research may extend the analysis by 

applying formal diagnostic tests and, if necessary, adopting robust inference methods such as cluster-

robust standard errors, Driscoll–Kraay standard errors, or panel-corrected standard errors. 

Nomenclature 

𝛼0 Constant term 

𝛽𝑗 Estimated coefficients 

𝐷𝑁𝑎𝑝ℎ𝑡ℎ𝑎,𝑖,𝑡 Naphtha demand in country i at time t 

𝐷𝑁𝑎𝑝ℎ𝑡ℎ𝑎,𝑖,𝑡−1 One-period lag of naphtha demand 

𝐺𝐷𝑃𝑝𝑒𝑟𝑖,𝑡 GDP per capita 

𝑃𝐵𝑒𝑛𝑧𝑒𝑛𝑒,𝑖,𝑡 Benzene price 
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𝑃𝐸𝑡ℎ𝑦𝑙𝑒𝑛𝑒,𝑖,𝑡 Ethylene price 

𝑃𝑁𝑎𝑝ℎ𝑡ℎ𝑎,𝑖,𝑡 Naphtha price 

𝑃𝑂𝑖𝑙,𝑡 International crude oil price 

𝑃𝑃𝑟𝑜𝑝𝑦𝑙𝑒𝑛𝑒,𝑖,𝑡 Propylene price 

𝑃𝑇𝑜𝑙𝑢𝑒𝑛𝑒,𝑖,𝑡 Toluene price 

𝑃𝑋𝑦𝑙𝑒𝑛𝑒𝑠,𝑖,𝑡 Xylene price 

𝑢𝑖,𝑡 Error term 

Econometric and statistical terms  

ARMA Autoregressive moving average model 

AR(p) Autoregressive term of order p 

DW Durbin–Watson statistic 

FE Fixed effects panel model 

IPS Im–Pesaran–Shin panel unit root test 

LLC Levin–Lin–Chu panel unit root test 

MA(q) Moving average term of order q 

Abbreviations  

BTX Benzene, toluene, xylenes 

CCS/CCUS Carbon capture storage/Carbon capture utilization storage 

COTC Crude oil-to-chemicals 

EIA U.S. Energy Information Administration 

IEA International Energy Agency 

OECD Organization for Economic Co-operation and Development 

Subscripts  

𝑖 Country index 

𝑡 Time index 
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