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The Petrochemical Blind Spot 

Power, Dependence, and the Missing Material Transition in Modern 

Civilization 

Introduction: The Unasked Question of Petrochemicals  

Contemporary debates about sustainability tend to focus on climate change, energy 

transitions, plastic pollution, and resource consumption. Governments publish 

decarbonisation strategies, corporations announce net-zero commitments, and international 

institutions debate pathways to reduce greenhouse gas emissions.  

Yet these discussions generally rest on a shared assumption: that modern industrial 

civilization can continue to function largely as it does today, provided its energy sources 

become cleaner and its material systems become more efficient. 

Far less attention is devoted to a more fundamental question. Modern societies are not 

sustained by energy alone. They also depend on vast flows of petrochemical-derived 

materials embedded in food systems, healthcare, electronics, communications, transport, 

construction, agriculture, and digital infrastructure.  

Plastics, synthetic fibres, fertilizers, solvents, pharmaceuticals, coatings, composites, and 

thousands of chemical intermediates have become integral components of contemporary 

life. Petrochemicals are therefore not merely one industrial sector among many; they 

constitute a critical material foundation of modern civilization. 

This observation creates a paradox. On the one hand, petrochemicals have enabled 

unprecedented gains in productivity, health, mobility, connectivity, and economic 

development. On the other hand, petrochemical production and consumption are 

increasingly associated with environmental pressures: contributions to climate change, 

pervasive plastic pollution, and the accumulation of novel synthetic substances throughout 

natural ecosystems, many of which persist for long periods, interact with biological systems 

in poorly understood ways, and may exceed the capacity of natural processes to safely 

absorb or neutralise them. 
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Despite growing awareness of these challenges, there is little evidence that any major state 

has adopted the reduction of petrochemical dependence as a central strategic objective. 

Most sustainability policies focus on decarbonisation, recycling, waste management, or 

energy transition rather than questioning the petrochemical foundations of industrial society 

itself. 

The central question of this essay is therefore not who controls petrochemicals, nor how 

petrochemical production can be made more efficient. It asks a more fundamental 

geopolitical question: 

Can modern industrial civilization maintain its core capabilities if ecological limits eventually 

constrain the petrochemical throughput upon which those capabilities depend? 

This essay focuses primarily on petrochemical-derived materials rather than fossil energy 

systems more broadly. Its concern is not whether technologies, products, or industries can 

be replaced, but whether the aggregate material functions currently performed by 

petrochemical systems can be replicated at comparable scale across modern civilization.  

The analysis therefore examines the dynamics of systemic dependence, resilience, and 

vulnerability rather than evaluating the merits of specific technological alternatives. It does 

not argue that every petrochemical application is irreplaceable.  

Rather, it asks whether any proven large-scale substitute currently exists for the overall 

material system that petrochemicals support across food production, healthcare, 

manufacturing, infrastructure, communications, and advanced technologies. 

To address the question, the essay examines the distribution of petrochemical power, the 

dependence of major economies on petrochemical systems, and the striking absence of any 

credible post-petrochemical model of civilization.  

It argues that the principal geopolitical challenge of the twenty-first century may not be 

competition within petrochemical civilization, but the possibility that humanity has become 

materially dependent upon a system for which no comparably scaled and functionally 

equivalent alternative has yet been demonstrated.  

Emerging alternatives exist, including bio-based materials, circular production models, and 

new chemical pathways. However, many remain constrained by land, biomass, energy, 

economic, or scaling limitations, and none has yet demonstrated the capacity to reproduce 

the full range of functions currently performed by petrochemical systems across modern 

civilization. 

1. Petrochemicals: From Industrial Input to Civilizational Dependency 

Public discussions often associate oil and gas primarily with energy. Petrol powers vehicles, 

natural gas generates electricity and heat, and hydrocarbons are frequently discussed in the 

context of emissions and climate change. Yet not all hydrocarbons are used as fuels. 
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According to estimates from the International Energy Agency, petrochemical feedstocks 

account for roughly 12–15% of global oil demand and around 8–12% of global natural gas 

demand. Viewed solely through the lens of hydrocarbon consumption, petrochemicals 

appear to represent a relatively modest component of the global economy. 

This impression is misleading. 

Although petrochemicals consume only a minority share of global oil and gas production, 

they support material systems that are fundamental to modern civilization. Global plastics 

production exceeds 400 million tonnes annually. Synthetic fibres account for approximately 

70% of global textile production, with polyester alone representing more than half of all 

fibres manufactured worldwide. Modern agriculture relies heavily on nitrogen fertilizers 

produced largely from natural gas through the Haber–Bosch process, with some estimates 

suggesting that synthetic fertilizers support food production for roughly 40–50% of the 

global population. The global chemicals industry generates annual revenues in excess of 

US$5 trillion and supplies inputs to virtually every manufacturing sector. 

The importance of petrochemicals extends far beyond these headline figures. Petrochemical 

products are embedded throughout food systems, healthcare, communications, computing, 

transport, construction, manufacturing, and digital infrastructure. Medical equipment, 

pharmaceuticals, packaging, electronic devices, semiconductors, telecommunications 

networks, synthetic fibres, industrial coatings, adhesives, solvents, and construction 

materials all rely to varying degrees on petrochemical inputs. It is often estimated that more 

than 95% of manufactured products depend on petrochemical-derived materials, 

intermediates, or processing inputs at some stage of production. 

These figures reveal a striking asymmetry. A relatively small share of global hydrocarbon 

production is transformed into materials that support a disproportionately large share of 

modern civilization’s functional capabilities. The strategic significance of petrochemicals 

therefore lies not in the volume of oil and gas they consume, but in the breadth of social, 

economic, technological, and industrial systems that depend upon them. 

This dependency did not emerge through deliberate geopolitical design. Throughout the 

twentieth and twenty-first centuries, petrochemical products consistently solved practical 

problems more effectively than available alternatives. They were lightweight, durable, 

versatile, scalable, and relatively inexpensive. As a result, societies progressively integrated 

petrochemical materials into agriculture, medicine, infrastructure, manufacturing, 

communications, and consumer goods. Over time, what began as a technological advantage 

evolved into a structural dependency. 

The consequences of this dependency are often overlooked. Contemporary debates typically 

focus on energy security, climate change, or plastic pollution. Far less attention is given to a 

more fundamental reality: many of the systems that sustain modern life now rely upon 

continuous access to petrochemical products and their associated supply chains. Food 
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security, healthcare delivery, industrial production, digital infrastructure, and global trade all 

depend upon a material foundation that most societies rarely examine directly. 

The significance of petrochemicals therefore extends beyond industrial production or 

economic activity. Over time, modern civilization has embedded petrochemical materials 

within many of its most essential functions, across agriculture, medicine, and advanced 

manufacturing. What began as a technological advantage gradually became a structural 

dependency. 

This dependency is rarely examined directly. Petrochemicals are often discussed as industrial 

products, environmental pollutants, or economic commodities. Yet the evidence presented 

in this section suggests they are something more fundamental: a material foundation upon 

which many of the capabilities of contemporary civilization now depend. 

The central question is therefore not whether petrochemicals are beneficial or harmful. 

Rather, it is whether modern civilization has become dependent upon a material foundation 

for which no proven large-scale substitute currently exists. Before examining who controls 

petrochemical civilization, it is first necessary to recognize the extent to which civilization 

itself has become reliant upon it. 

This does not imply that individual petrochemical products are irreplaceable. Alternatives 

already exist for some materials and applications. The unresolved question is whether any 

alternative system has demonstrated the ability to provide comparable functional breadth, 

reliability, affordability, and scale across the full range of activities currently supported by 

petrochemical civilization. 

2. The Technological Path to Petrochemical Civilization 

Modern civilization did not become dependent on petrochemicals simply because oil and 

natural gas were abundant. Rather, petrochemical civilization emerged through a 

century-long process of technological innovation, industrial investment, scientific research, 

and economic incentives that consistently favoured petrochemical solutions over competing 

alternatives. 

At the beginning of the twentieth century, many of the functions now performed by 

petrochemical products relied on biological or mineral-based materials. Textiles were 

dominated by cotton, wool, hemp, and silk. Packaging relied on paper, wood, glass, and 

metal. Agriculture depended more heavily on biological nutrient cycles and organic inputs. 

Industrial production utilised natural rubber, timber, metals, and other naturally derived 

materials. Petrochemicals were present, but they were not foundational to economic life. 

What changed was the extraordinary success of petrochemical innovation. 

Advances in chemistry, refining, catalysis, polymer science, and chemical engineering 

steadily expanded the performance and affordability of petrochemical products. Plastics 

became lighter, stronger, and cheaper than many traditional materials. Synthetic fibres 
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increasingly displaced natural fibres because they could be produced at greater scale and 

lower cost. Nitrogen fertilizers dramatically increased agricultural productivity. New 

polymers, coatings, solvents, adhesives, pharmaceuticals, and specialty chemicals enabled 

applications that were previously impossible or economically impractical. 

The scale of this transformation can be observed empirically. Global plastics production 

increased from approximately 2 million tonnes annually in 1950 to more than 400 million 

tonnes today. Synthetic fibres now account for roughly 70 percent of global textile 

production, with polyester alone representing more than half of all fibres manufactured 

worldwide. Modern agriculture relies heavily on industrial fertilizers produced through 

chemical processes, with some estimates suggesting that synthetic nitrogen fertilizers 

support food production for approximately 40–50 percent of the world’s population. 

Meanwhile, the global chemicals industry generates annual revenues exceeding US$5 trillion 

and supplies inputs to virtually every sector of the modern economy. 

These outcomes were not accidental. They were supported by sustained scientific and 

industrial investment. The world’s leading chemical and energy companies collectively invest 

many billions of dollars annually in research and development aimed at improving catalysts, 

polymers, fertilizers, specialty chemicals, refining processes, advanced materials, and 

manufacturing technologies. BASF alone typically spends more than €2 billion annually on 

research and development. Other major firms, including Dow, ExxonMobil, Aramco, SABIC, 

LG Chem, Mitsubishi Chemical, and Sinopec, collectively contribute several additional 

billions of dollars each year toward improving petrochemical products and processes. 

The result was a powerful feedback loop. Technological improvements made petrochemical 

products more useful and affordable. Increased adoption generated larger markets and 

greater profits. Those profits attracted capital and funded further research. New research 

produced additional innovations, which further expanded the range of petrochemical 

applications. Over time, scientific progress, industrial investment, and market incentives 

reinforced one another, creating one of the most successful material systems in human 

history. 

The consequence, however, was not merely technological success. It was technological 

concentration. Petrochemical materials benefited from decades of research and 

development, industrial investment, and scale economies that continuously improved their 

performance and reduced their cost. 

By contrast, many alternative pathways—including biopolymers, natural-fibre composites, 

and regenerative material systems—remained comparatively niche, constrained by higher 

costs, supply limitations, and less mature manufacturing ecosystems.  

As petrochemical products became increasingly capable and profitable, alternative material 

pathways received comparatively less investment, research attention, and industrial scaling. 

Biological materials, natural fibres, regenerative agricultural systems, and other non-
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petrochemical approaches continued to exist, but few benefited from the century-long 

innovation cycle that continuously improved petrochemical technologies. 

This distinction is critical. Modern civilization is vulnerable not simply because it depends on 

petrochemicals. It is vulnerable because it has spent more than a century optimising a single 

material pathway while investing comparatively little effort in developing alternatives 

capable of performing equivalent functions at comparable scale. Dependency alone does 

not necessarily create vulnerability. Dependency combined with a lack of technological 

redundancy does. 

The rise of petrochemical civilization therefore reflects more than the availability of 

hydrocarbons. It reflects a historical process in which technological progress, industrial 

investment, and economic incentives repeatedly reinforced a single material pathway. 

Humanity did not simply discover petrochemicals and use them; it continuously improved 

them. The result is a civilization whose prosperity, productivity, and essential systems 

increasingly depend upon technologies for which no equally mature large-scale substitutes 

currently exist. 

The next question is therefore geopolitical. If modern civilization has become dependent 

upon a technological pathway shaped by more than a century of concentrated innovation 

and investment, which countries came to dominate the industries, technologies, and supply 

chains upon which that dependency now rests? 

3. Who Controls Petrochemical Civilization? 

If modern civilization has become dependent upon petrochemical systems, an important 

geopolitical question follows: who controls the industries, technologies, and supply chains 

that sustain that dependency? 

Control over petrochemical civilization cannot be reduced to ownership of oil and gas 

reserves alone. Hydrocarbons remain essential feedstocks, but the modern petrochemical 

system extends far beyond resource extraction. Petrochemical power derives from a 

combination of factors, including access to feedstocks, refining capacity, petrochemical 

production, technological expertise, manufacturing integration, research capabilities, capital 

investment, and control over downstream value chains. 

Consequently, the countries that dominate petrochemical civilization are not necessarily 

those possessing the largest hydrocarbon reserves. Rather, they are the states that occupy 

the most influential positions across multiple layers of the petrochemical system. Some 

control molecules. Others control technologies. Others dominate manufacturing ecosystems. 

A small number combine several of these capabilities simultaneously. 

Viewed through this lens, petrochemical civilization is highly concentrated. Although 

petrochemical products are consumed globally, the industries, technologies, and supply 
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chains upon which modern civilization depends are disproportionately controlled by a 

relatively small group of countries. 

Table 1 — Petrochemical Power (refined sources of power) 

Rank Country Primary Source of Power 

1 China Integrated oil-to-chemicals complexes, massive refining and basic 

petrochemical capacity, and deep integration with global 

manufacturing demand  

2 United 

States 

Shale-based feedstocks, leading global chemical majors with 

proprietary process technologies, and high R&D and capital depth  

3 Saudi 

Arabia 

Ultra-low-cost feedstocks, Aramco–SABIC integrated refining–

petrochemical complexes, and crude-to-chemicals expansion under 

state strategy  

4 Germany World-class chemical engineering and catalysis, highly integrated 

Verbund complexes, and strong specialty-chemicals base  

5 South 

Korea 

Large petrochemical producers tied to advanced electronics and 

battery industries, shifting into specialty and battery materials  

6 India Mega-refining–petrochemical complexes (Reliance Jamnagar), rapid 

domestic demand growth, and strategic downstream integration  

7 Japan High-end specialty and advanced materials, including electronic and 

battery materials, with deep process know-how  

Note. The ranking of “petrochemical power” in Table 1 is indicative rather than statistical. It is based on a qualitative 

assessment of several overlapping dimensions: access to low-cost hydrocarbon feedstocks; scale and integration of refining 

and basic petrochemical capacity (including oil-to-chemicals complexes); the presence and global reach of major chemical 

firms and proprietary process technologies; depth of research and development and capital markets; and the degree of 

integration between petrochemicals and advanced manufacturing sectors such as electronics, automotive, and batteries. 

The countries listed are those that occupy structurally influential positions across multiple layers of this system—control of 

molecules, control of processes and technologies, and control of manufacturing ecosystems—rather than those with the 

largest hydrocarbon reserves alone. 

The key insight is that these countries do not merely participate in petrochemical civilization. 

They help define its boundaries. Their firms develop the technologies, produce the 

feedstocks, operate the refining and petrochemical complexes, manufacture the materials, 

and supply the global value chains upon which billions of people depend. 

The concentration of petrochemical power is therefore more than an economic fact. It is a 

structural feature of the contemporary international system. Modern civilization depends 

upon petrochemicals, but the ability to produce and innovate within the petrochemical 

system remains concentrated within a relatively small number of states. 
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Recent supply-chain disruptions provided a glimpse of the implications of this concentration. 

During the COVID-19 pandemic, shortages of chemical inputs, plastics, medical materials, 

industrial components, and shipping capacity exposed the extent to which production 

systems across multiple sectors depended on a relatively small number of highly integrated 

manufacturing and petrochemical hubs. The disruption was temporary, but it revealed how 

tightly coupled many modern economies have become to concentrated networks of 

production and distribution. 

Yet a paradox emerges. The countries that control petrochemical civilization are not external 

to it. They are themselves among its largest consumers, investors, and beneficiaries. The 

next question is therefore whether the states that dominate petrochemical civilization are 

also among those most dependent upon it. 

4. The Paradox of Petrochemical Power 

The concentration of petrochemical power within a relatively small number of countries 

might suggest that these states enjoy a degree of strategic autonomy unavailable to the rest 

of the world. They control many of the hydrocarbons, technologies, industrial capabilities, 

and supply chains upon which modern civilization depends. Yet a closer examination reveals 

a striking paradox: the countries that dominate petrochemical civilization are also among 

those most deeply dependent upon it. 

This distinction is critical. Control and dependence are often treated as opposites in 

geopolitical analysis. States possessing greater resources, technological capabilities, and 

industrial capacity are generally assumed to enjoy greater freedom of action. Petrochemical 

civilization challenges this assumption. The countries most capable of shaping the system 

are simultaneously those whose prosperity, industrial competitiveness, and geopolitical 

influence depend most heavily upon its continued operation. 

China provides a clear example. Over the past several decades, it has become the world’s 

largest chemical market and a dominant petrochemical producer and exporter, reshaping 

global demand and trade patterns. China has built one of the world’s largest refining 

systems, with capacity exceeding 18 million barrels per day by the early 2020s and is 

estimated to have invested well over US$200 billion in refining and petrochemical capacity 

since the early 2000s, including large integrated refining–petrochemical complexes and 

oil-to-chemicals facilities. These developments have strengthened China’s position within 

petrochemical civilization. Yet they have increased rather than reduced its dependence on 

petrochemical systems. Manufacturing, infrastructure development, industrial production, 

and export competitiveness all remain closely tied to petrochemical supply chains. 

The United States exhibits a similar pattern. It is the second-largest petrochemical consumer 

worldwide, with consumption estimated at approximately US$120–130 billion in 2023, and it 

hosts some of the world's largest petrochemical firms, including ExxonMobil Chemical, 

Chevron Phillips Chemical, LyondellBasell, and Dow. Abundant hydrocarbon resources, shale-
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based feedstocks, advanced research institutions, and significant refining capacity have 

strengthened American influence within petrochemical civilization. Yet modern American 

agriculture, transport, healthcare, manufacturing, consumer markets, and digital 

infrastructure remain deeply reliant on petrochemical-derived materials. The United States 

is both one of the most influential petrochemical powers and one of the largest markets for 

petrochemical products. 

Germany illustrates how this pattern extends beyond the two largest economies. Although 

far smaller in population, it ranks among the leading petrochemical consumers, with 

domestic petrochemical use estimated at roughly US$90–95 billion in 2023. Germany’s 

export-oriented manufacturing model—built around automotive production, machinery, 

advanced materials, and high-value industrial manufacturing—rests on highly integrated 

industrial systems whose competitiveness depends upon reliable petrochemical supply 

chains. Its structural position in the global economy is therefore inseparable from the 

stability and cost of petrochemical inputs. 

The same logic applies to Japan, South Korea, India, and Saudi Arabia. Despite occupying 

different positions within the petrochemical economy, each has developed industrial 

structures that remain deeply dependent on petrochemical materials and technologies. 

South Korea and Japan have become major producers of petrochemicals and advanced 

materials, particularly for electronics, semiconductors, and batteries. India’s expanding 

refining–petrochemical complexes and growing domestic demand are driving rapid 

consumption growth. Saudi Arabia leverages ultra-low-cost feedstocks and integrated 

Aramco–SABIC operations to anchor a domestic petrochemicals sector valued at tens of 

billions of dollars annually. In each case, economic structures and industrial strategies are 

deeply invested in the continued availability of petrochemical materials and technologies. 

The scale of this dependency is reflected in the industries themselves. The global chemicals 

market generated approximately US$5.4 trillion in revenues in 2024. Annual global plastic 

production exceeded 400 million metric tonnes. Synthetic fibres now account for roughly 

two-thirds of global textile production, while synthetic nitrogen fertilizers support food 

production for an estimated 40–50 percent of the world’s population. The leading 

petrochemical powers sit at the centre of these systems, but they are also among their 

largest producers, consumers, innovators, and beneficiaries. 

This observation helps explain several recurring features of contemporary geopolitics. 

Leading states invest heavily in strategic reserves, refining capacity, domestic chemical 

production, industrial policy, supply-chain resilience, critical materials, and technological 

leadership. Viewed from a petrochemical perspective, these actions reveal something 

deeper than ordinary geopolitical competition. States are not merely competing within the 

system; they are actively managing their dependence upon it. 
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This behaviour is especially striking because it appears across countries with very different 

political systems and strategic priorities. China, the United States, Saudi Arabia, Germany, 

Japan, South Korea, and India frequently disagree on trade, security, governance, and 

international order. Yet all continue investing in petrochemical capabilities, and none treats 

petrochemical dependence as a temporary condition to be deliberately unwound. Instead, 

they behave as though petrochemical civilization will remain an enduring feature of 

modernity and must therefore be secured, optimised, and expanded. 

The implications extend far beyond these countries themselves. Much of the rest of the 

world participates in a petrochemical civilization whose critical capabilities are concentrated 

within a relatively small group of states. Most countries consume petrochemical products 

but possess limited ability to shape the technologies, supply chains, industrial ecosystems, 

or innovation systems upon which those products depend. In effect, the assumptions 

embedded in the strategies of the petrochemical powers increasingly shape the 

developmental trajectories of societies that neither designed nor control the underlying 

material system. 

This creates a profound asymmetry. A small number of countries possess disproportionate 

influence over the material systems that sustain modern civilization, yet those same 

countries are deeply dependent on the uninterrupted functioning of those systems. The 

result is a form of civilizational lock-in rooted in more than a century of cumulative 

technological, industrial, and institutional investment in a single material pathway. The 

states most capable of transforming petrochemical civilization are therefore often those with 

the greatest incentives to preserve it. 

For the leading petrochemical powers, reducing dependence on petrochemicals would 

require questioning many of the foundations of their own economic strength, industrial 

competitiveness, technological leadership, and geopolitical influence. The central 

vulnerability of petrochemical civilization is therefore not simply that control over it is 

concentrated. The deeper vulnerability is that the countries most capable of reshaping the 

system remain deeply invested in its continuation. 

This raises a further question. If petrochemical dependence is so pervasive, why has it 

received comparatively little attention in contemporary debates about the future of 

civilization? 

5. The Blind Spot of Petrochemical Civilization 

The conclusion of the previous section presents an important contradiction. The countries 

that dominate petrochemical civilization possess some of the world’s most advanced 

scientific institutions, technological capabilities, industrial systems, and innovation 

ecosystems. If any societies could develop alternatives to petrochemical dependence, it 

would likely be these countries. Yet rather than preparing to move beyond petrochemical 

civilization, they continue investing heavily in its expansion, optimisation, and security. 
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Part of the explanation lies in how petrochemical dependence is framed. Over the past 

several decades, public debate has become increasingly focused on fossil energy. Renewable 

energy, electrification, batteries, hydrogen, nuclear power, and energy security have become 

central themes of policy and political discussion. By contrast, far less attention has been 

devoted to the extent to which modern food production, healthcare, manufacturing, 

communications, and infrastructure depend upon petrochemical materials. 

This asymmetry is striking because both dependencies emerged from the same hydrocarbon 

system. Oil and natural gas provide not only energy but also the feedstocks used to 

manufacture fertilizers, pharmaceuticals, plastics, synthetic fibres, industrial chemicals, 

advanced materials, and thousands of other products that support modern life. Yet 

contemporary discussions increasingly frame hydrocarbons primarily as an energy challenge 

rather than as a material dependency. 

The result is a civilizational blind spot. Modern societies increasingly question their 

dependence on fossil energy while largely taking for granted their dependence on 

petrochemical products. One dimension of hydrocarbon dependence is actively debated. 

The other is normalised. 

The significance of this distinction extends far beyond public discourse. Across essential 

systems, they remain deeply dependent on petrochemical materials. Yet despite this 

dependence, comparatively little attention has been devoted to understanding how these 

functions would be maintained if petrochemical throughput had to be substantially reduced. 

This imbalance is particularly striking because many of the technologies proposed to 

transform energy systems remain dependent upon petrochemical materials. Solar panels, 

wind turbines, batteries, telecommunications systems, medical technologies, and advanced 

manufacturing all rely upon chemicals, polymers, synthetic materials, coatings, and 

industrial processes that remain closely linked to petrochemical supply chains. As a result, 

discussions about how civilization will be powered in the future often proceed without a 

comparable discussion about how civilization will continue to produce many of the materials 

upon which it depends. 

The behaviour of the major powers suggests that governments understand this dependency 

more clearly than public debate often reflects. China, the United States, Saudi Arabia, 

Germany, Japan, South Korea, and India continue investing heavily in refining capacity, 

petrochemical production, industrial chemicals, advanced materials, and supply-chain 

resilience. Their actions imply that petrochemical capabilities are regarded not as optional 

industries but as strategic foundations of modern civilization. 

The consequence of this blind spot is that one of the most important material dependencies 

of the modern era remains largely unexamined. Humanity has devoted enormous 

intellectual, political, and financial resources to imagining alternatives to fossil energy. Far 



12 
 

less effort has been devoted to understanding whether comparable alternatives exist for the 

petrochemical materials upon which modern societies depend. 

In effect, humanity may be attempting to redesign one half of the hydrocarbon system while 

largely assuming the continuation of the other. If modern civilization remains heavily 

dependent on petrochemical materials, can a transition away from hydrocarbons be fully 

understood as an energy transition alone? 

6. Beyond the Energy Transition 

The question raised at the end of the previous section suggests that modern civilization may 

be confronting a challenge that extends beyond energy alone. If petrochemical products 

remain essential to food production, healthcare, manufacturing, infrastructure, 

communications, and advanced technologies, then dependence on hydrocarbons cannot be 

understood solely in terms of electricity generation, transport fuels, or industrial energy. 

This distinction is important because oil and natural gas perform two functions within 

modern civilization. They provide energy, but they also provide the feedstocks from which 

petrochemical products are manufactured. As a result, reducing dependence on 

hydrocarbons as sources of energy does not necessarily eliminate dependence on 

hydrocarbons as sources of material production. Even in scenarios where overall oil demand 

peaks, the International Energy Agency projects that petrochemicals will account for more 

than a third of oil-demand growth to 2030 and remain a major use of oil by mid-century. 

Viewed from this perspective, contemporary discussions about energy transition reveal an 

important limitation. Much of the debate focuses on how societies might replace fossil-fuel 

energy through renewable generation, electrification, batteries, hydrogen, nuclear power, 

and other technologies. Yet many of these technologies themselves depend upon 

petrochemical products manufactured primarily from oil and natural gas feedstocks. The 

energy source may change, but the dependence on hydrocarbons embedded within the 

material structure of civilization often remains. 

This distinction becomes increasingly significant as Earth-system pressures intensify. Climate 

change, ecological degradation, plastic pollution, and the broader accumulation of novel 

synthetic substances are all linked to the scale and growth of the hydrocarbon system. Yet 

the same hydrocarbons that generate these concerns continue to provide many of the 

petrochemical products upon which modern civilization depends. 

The result is a profound civilizational tension. Environmental pressures associated with the 

hydrocarbon system encourage societies to reduce their exposure to it, while the material 

foundations of modern civilization continue to reinforce that exposure. In effect, the same 

system that generates mounting environmental concerns also provides many of the 

materials upon which contemporary economies, technologies, and institutions depend. 
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This raises a difficult possibility. What if the challenge confronting humanity is not simply an 

energy transition, but a dependency transition? What if the central issue is not only how 

civilization generates energy, but how civilization continues to function if the hydrocarbon 

system upon which its petrochemical foundations depend becomes increasingly 

constrained—whether by climate policy, ecological limits, market dynamics, or political 

disruption? 

At present, there is no clear answer. Modern societies have invested enormous intellectual, 

technological, and financial resources into understanding how civilization might be powered 

differently. Far less attention has been devoted to understanding how civilization might 

function differently if dependence on hydrocarbon-derived petrochemical products had to 

be substantially reduced. 

The question confronting modern civilization is therefore larger than energy transition alone. 

If Earth-system pressures increasingly limit the expansion of the hydrocarbon system while 

civilization remains deeply dependent upon petrochemical products derived from that 

system, then humanity may be approaching a crossroads for which no fully developed 

pathway currently exists. 

7. The Vulnerabilities of Petrochemical Civilization 

The previous sections suggest that modern civilization may be more dependent on 

hydrocarbons than is commonly recognized. This dependence extends beyond energy and 

into the food systems, healthcare systems, manufacturing capabilities, infrastructure 

networks, communications technologies, and industrial processes upon which contemporary 

societies rely. If so, the resulting vulnerabilities extend far beyond the conventional concerns 

associated with energy security. 

The first vulnerability is material dependency. 

Modern societies increasingly discuss alternatives to fossil-fuel energy, yet many of the 

products and material systems that sustain modern civilization remain deeply embedded 

within petrochemical supply chains. Reducing hydrocarbon dependence as a source of 

energy therefore does not automatically eliminate hydrocarbon dependence as a source of 

material production. 

The second vulnerability is technological lock-in. 

More than a century of investment has been devoted to optimising petrochemical 

production, refining processes, chemical engineering, industrial infrastructure, and global 

supply chains. These investments have created extraordinary efficiencies but have also 

reinforced dependence on a specific technological pathway. Emerging alternatives—bio-

based materials, circular-economy initiatives, new chemistries—must operate within an 

industrial landscape designed around petrochemical capabilities rather than beyond them. 
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The system is highly adapted to petrochemicals and comparatively under-adapted to 

anything else. 

The third vulnerability is geopolitical concentration. 

Critical petrochemical capabilities remain concentrated within a relatively small number of 

countries. China, the United States, Saudi Arabia, Germany, Japan, South Korea, and India 

represent the principal centres of petrochemical civilization, supported by major 

hydrocarbon and chemical hubs such as Russia, Canada, the United Arab Emirates, Qatar, 

Singapore, the Netherlands, and Belgium. 

Much of the world therefore depends upon systems that it neither controls nor significantly 

shapes. This creates exposure not only to market volatility and price shocks, but also to 

strategic decisions taken elsewhere. More importantly, it concentrates many of the 

capabilities required to sustain petrochemical civilization within a relatively small number of 

states. Yet the paradox is that these same states are themselves deeply dependent upon the 

continued functioning of the system they dominate. The resulting vulnerability is therefore 

not simply dependence on powerful countries, but dependence on a globally interconnected 

system whose principal actors possess no clearly established pathway beyond it. In this 

sense, geopolitical influence does not eliminate exposure. Some countries possess greater 

leverage within petrochemical civilization than others, but no country appears insulated 

from the vulnerabilities created by the system itself. 

The countries with the greatest leverage over petrochemical civilization remain dependent 

upon the same hydrocarbon and petrochemical systems that underpin their power. 

Consequently, disruptions to those systems tend to transmit vulnerability across both 

dominant and dependent states rather than remaining confined to a single adversary or 

region. From a petrochemical perspective, geopolitical competition may therefore produce 

paradoxical outcomes. Actions that weaken hydrocarbon supply chains, petrochemical 

production, transport corridors, or critical industrial capabilities can impose costs not only 

on rivals but also on the broader system upon which all participants depend. The 

geopolitical vulnerability of petrochemical civilization is therefore not merely concentration 

of power, but concentration of dependence. 

The fourth vulnerability is strategic inertia. 

The countries that exercise the greatest influence over petrochemical civilization are also 

among its largest consumers, producers, innovators, and beneficiaries. Their economic 

competitiveness, industrial capacity, technological leadership, and geopolitical influence 

have developed within a system deeply shaped by petrochemical capabilities. As a result, 

the institutions, industries, infrastructures, and investment structures of the leading powers 

remain heavily aligned with the continued functioning of petrochemical civilization. 
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This creates a form of strategic inertia. The countries with the greatest capacity to transform 

the system are also among those most deeply invested in its continuation. Even when 

ecological pressures, resource constraints, or technological developments encourage 

change, the incentives facing major powers often favour adaptation within the existing 

system rather than transformation beyond it. The vulnerability therefore lies not simply in 

dependence itself, but in the possibility that the actors best positioned to develop 

alternatives remain structurally committed to preserving the system upon which their power 

and prosperity depend. 

The fifth vulnerability is civilizational blind spots. 

Public debate increasingly focuses on energy transition, while dependence on petrochemical 

products often remains normalised and largely unquestioned. Considerable attention is 

devoted to reducing dependence on oil, natural gas, and coal as sources of electricity, 

transport fuels, and industrial energy. Far less attention is devoted to the extent to which 

the material foundations of modern civilization remain dependent upon petrochemical 

products derived primarily from oil and natural gas. 

As a result, substantial effort is devoted to imagining how civilization might be powered 

differently, while comparatively little effort is devoted to understanding how civilization 

might function differently if dependence on petrochemical products had to be significantly 

reduced. The vulnerability lies not only in dependence itself, but in the possibility that 

modern societies have become far more aware of their energy challenges than of their 

broader dependence on hydrocarbons through petrochemical products. 

The sixth vulnerability is civilizational contradiction. 

Modern societies increasingly recognise the environmental pressures associated with the 

hydrocarbon system, including climate change, ecological degradation, plastic pollution, and 

the accumulation of novel synthetic substances. These pressures are encouraging efforts to 

reduce dependence on hydrocarbons across many sectors of the economy. 

Yet modern civilization remains deeply dependent upon hydrocarbons not only as sources of 

energy but also as feedstocks for the material systems upon which contemporary societies 

depend. 

The resulting vulnerability lies not in the environmental pressures themselves, but in the 

uncertainty surrounding how this dependency can be reduced. Modern societies 

increasingly recognise the need to transform the hydrocarbon system, yet no equally mature 

alternative has emerged capable of reproducing the full range of functions currently 

supported by petrochemical civilization. Humanity therefore faces the challenge of adapting 

a civilization that remains deeply dependent on a system whose environmental 

consequences are becoming increasingly difficult to ignore. 
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The vulnerability is ultimately one of uncertainty. Modern civilization understands many of 

the pressures acting upon the hydrocarbon system. It remains far less certain about how it 

intends to function without it. 

Taken individually, each of these vulnerabilities presents a significant challenge. Taken 

together, they reveal a deeper dilemma. Modern civilization has become dependent upon a 

hydrocarbon system that underpins many of its core capabilities, yet the environmental 

consequences associated with that same system are increasingly recognised as matters of 

global concern. 

The resulting challenge is not simply one of energy, technology, economics, or geopolitics. It 

is a question of civilizational dependency. The countries that possess the greatest 

petrochemical capabilities remain dependent upon them. The societies that seek to reduce 

hydrocarbon dependence continue to rely upon products derived from hydrocarbons. And 

the solutions most frequently proposed to address hydrocarbon dependence often remain 

embedded within the very system they are intended to transform. 

The central question is therefore no longer whether petrochemicals are important. Their 

role in modern civilization is already evident. The question is whether humanity can 

reconcile growing awareness of the environmental consequences associated with 

hydrocarbons with continuing dependence on the petrochemical systems derived from 

them. 

This challenge does not arise because alternatives are absent. Significant innovation is 

occurring in bio-based materials, circular production systems, advanced recycling, and 

synthetic chemistry. The uncertainty lies in whether these approaches can collectively evolve 

into a system capable of matching the scale, affordability, reliability, and functional diversity 

of petrochemical civilization. At present, no clear answer has emerged. 


