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Full of Energy!
Physicists have been searching for years for a unified theory 
that explains all aspects of the universe. We currently have two 
prominent candidates: quantum mechanics which deals with 
the behavior of sub-atomic particles and general relativity which 
focuses on gravity and its impact on large scale phenomena such 
as planets, stars, galaxies, and time. Unfortunately, these theories 
conflict to some extent rendering a unified theory elusive. 

In the world of economics, we also do not have a unified theory, 
but the sources, cost, and availability of energy come pretty 
close-energy is at the very center of most aspects of the economy. 
Changes in the price of energy can impact short term economic 
growth while major industrial cycles have historically coincided 
with the development of new energy sources. This topic is of 
particular interest today because many believe we are in the 
early stages of another energy transition that will have major 
implications for us all. This paper begins with a short history of 
energy usage in the U.S. and then moves to a discussion of the 
impact of energy on both short term economic growth and major 
industrial cycles. Finally, I turn to the question of the energy 
transition and its potential effects.
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THE HISTORY OF U.S. ENERGY CONSUMPTION
The following graphic displays total energy consumption in the U.S. 

With a few wiggles, energy usage basically grew in line with the size of the 
economy until the early 2000’s when it flattened out. As shown below, this 
leveling occurred because our economy became less energy intensive as a 
result of increased efficiency and the shift toward services.  

ENERGY CONSUMPTION PER REAL DOLLAR OF GDP IN THE U.S. FROM 1975-2024
In 1,000 British thermal units per dollar

U.S. ENERGY CONSUMPTION 1950-2018
Quadrillion British thermal units
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Source: EIA, Statistica 2025

Source: U.S. Energy Information Administration, Monthly Energy Review
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Data source: U.S. Energy Information Administration, Monthly Energy Review. Pre-1949 data based on 
Energy in the American Economy, 1850–1975: Its History and Prospects and U.S. Department of Agriculture 
Circular No. 641, Fuel Wood Used in the United States 1630–1930

Note: Data use captured energy approach to account for wind, hydro, solar, and geothermal.

Energy consumption per unit of GDP fell from 6.86 to 4.04 between 2000 
and 2024, a decrease of more than 40%. Happily, total energy consumption 
has therefore grown at a modest 1.8% annual rate since 2000 as compared 
to average growth in real GDP of 2.1% per annum. Now, let’s turn to the 
composition of our energy consumption.

Humans relied on biomass for heating and muscle for kinetic energy prior 
to the 1800’s. In the graph below, note the dramatic increase in the usage 
of coal from the mid 1800’s onward and its recent decline from more than 
20% of overall energy usage to 8.7% today. The first commercial oil well 
was drilled in Titusville, PA. in 1859 and consumption of petroleum grew 
rapidly from the early 1900’s onward reaching 40% of total energy sources 
by 1970. It has since leveled off, albeit with a good deal of volatility. Another 
major trend has been the surge in importance of natural gas which currently 
represents 36% of consumption. I will discuss renewables and nuclear 
energy in the context of the next energy transition.

ANNUAL U.S. ENERGY CONSUMPTION (1776-2023)
Quadrillion British thermal units
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 THE ECONOMIC IMPACT OF ENERGY

As mentioned above, energy influences both the short and long term 
trajectory of the economy. Let’s consider the short-term impact first.

This chart displays the price of oil versus growth in the economy as 
measured by GDP. Of course, economic growth depends on many variables 
including the size of the population, productivity growth, government 
policy, consumer sentiment, and corporate behavior. So, while the 
relationship is imperfect, note that spikes in the price of oil (the blue 
line) are generally accompanied by lower economic growth rates if not 
recessions. (the red dashed line) For example, the price of oil more than 
doubled in 1979 and 1980 leading to an economic contraction, and the 
sharp rise in 2007 through 2008 resulted in GDP growth of just 1%. In 
contrast, relatively low oil prices during most of the 1980’s and 90’s helped 
create an environment in which the economy grew consistently at a healthy 
2% to 3% annual rate. Now, let’s turn to longer term industrial cycles.

OIL PRICES VS ECONOMIC GROWTH (1970-2023)
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Economic historians differ somewhat in their analysis of industrial cycles 
with various experts suggesting four, five or even six waves of innovation. It 
does not really matter which model you choose because the role of energy 
will be obvious in each format. I will use the four stage model and it will 
become apparent that each major cycle has been characterized by a shift in 
the dominant energy source, the emergence of new technologies enabled 
by or requiring those energy forms, and a significant economic restructuring 
coupled with new geopolitical realities. 

The First Industrial Revolution (c. 1760-1840) - This first revolution was 
driven largely by coal. While the steam engine was initially developed in 
1712, it became much more efficient as a result of improvements made 
by James Watt in his 1776 model. The steam engine enabled two critical 
innovations: mechanized textile production and railroads. This revolution 
basically marked the beginning of the transition from agriculture to an 
industrial economy leading to urbanization and the creation of heavy 
industries such as steel which emerged in the 1850’s. 

The Second Industrial Revolution (c. 1870-1914) - Coal continued to 
serve as the dominant fuel during this era although oil began to gain 
traction in the early 1900’s. Electricity generated by coal and hydro power 
emerged although it did not reach the majority of American homes until the 
passage of the Rural Electrification Act in 1936. Major innovations during 
this period included the internal combustion engine, the chemical industry, 
automobiles, and mass production in the form of the assembly line. The 
Second Revolution was characterized by rapid industrial expansion, 
continuing urbanization, and globalization of trade.  

The Third Industrial Revolution (c.1947-1973) - Oil became the dominant 
energy source during this period although natural gas usage soared and 
nuclear power gained a small toehold. The Post War Boom saw further 
development of the petrochemical industry, rapid growth in the aerospace 
industry, the widespread use of appliances in American homes, and the 
early stages of the electronics industry. Societal changes were profound. 
The U.S transitioned to a mass consumer society, there was a migration to 
the suburbs, we experienced the early stages of automation, and the global 
economy became increasingly integrated. 
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The Fourth Industrial Revolution (c. 1970’s to present) - This era might 
be termed the Information and Communications Revolution. While oil 
and natural gas were the predominant source of energy, renewables such 
as solar and wind began to gain traction. As mentioned above, the U.S. 
became much less energy-intensive although many emerging economies 
became larger energy consumers in their quest to improve the quality of life 
and economic opportunities for their inhabitants. Key innovations during 
this period were computers, the internet, telecommunications, AI, and 
biotech. While none of these resulted directly from new energy sources, 
their proliferation is currently leading to tremendous growth in the demand 
for electricity. Among the societal shifts were the transition to a service and 
knowledge economy, the proliferation of digital platforms of all sorts, and 
increasing environmental awareness. 

THE NEXT WAVE
The conventional wisdom has been that the next energy wave would involve 
the transition to renewable and sustainable resources. Supporters of this 
transition argue that renewables offer lower greenhouse gas emissions, 
decreased air and water pollution, energy independence, job creation, 
improved energy access, and energy sustainability. Moreover, renewable 
energy is now economically viable if not lower cost than fossil fuels in 
many applications. Over the last decade, the cost of solar and wind power 
has decreased 54% and 60%, respectively. According to the International 
Renewable Energy Agency, more than 90% of new renewable projects 
produce electricity for less than the cheapest fossil-fuel alternative.

Despite these potential benefits, there are also serious concerns that must 
be considered. Fabricating wind, solar, and battery hardware requires large 
quantities of minerals such as copper, aluminum, nickel, graphite, and other 
rare earths. Mining and refining them will require a great deal of fossil fuel 
and will also generate pollution and potential health problems. Additionally, 
these raw materials as well as the finished products must be shipped long 
distances also requiring large amounts of fossil fuels. So, are the long 
term benefits sufficient to overcome the ill effects that will be experienced 
along the way?  This tough question is a great illustration of the reality that 
economic and social decisions always involve nuance and secondary effects. 
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In any case, let’s begin by taking another look at global energy sources to 
determine the extent to which the transition is underway.

If you focus solely on electricity generation, there has been a material  
shift with renewables now representing roughly 30% of fuel sources  
versus a little less than 20% in 2000. However, the penetration of 
renewables is considerably lower for energy consumption for all uses as 
renewables now represent 14.8% as compared to 7.4% in 2000. In absolute 
terms, global fossil fuel usage has increased by about 50% since 2000, 
primarily driven by emerging economies. Renewables have not achieved 
widespread use in heating, transportation, and industrial processes due 
to cost, intermittency of supply, storage requirements, and the need for 
infrastructure development. 

Source: www.canarymedia.com/articles/clean-energy/chart-renewables-generated-a-record-30-of-global-
electricity-in-2023

SHARE OF GLOBAL ELECTRICITY GENERATION FROM RENEWABLE SOURCES
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So, there seems to be a moderate energy transition underway, but recent 
geopolitical tensions make its future trajectory far from certain because 
most countries are hyper-focused on energy security, sometimes to the 
exclusion of other issues such as climate concerns. 

Whereas the world garners 14.8% of its energy from renewables, the U.S. 
only derives 8.6% from them. Moreover, the Trump Administration is 
pursuing a policy of “energy abundance” promoting oil, natural gas, and to 
a lesser extent, nuclear energy while deemphasizing decarbonization. The 
recent One Big Beautiful Bill Act terminates tax credits for wind and solar 
projects placed in service after 2027, and a number of executive orders have 
been issued to boost domestic oil and gas production. Additionally, many 
Biden executive orders relating to climate change were eliminated. 

Data source: Energy Institute - Statistical Review of World Energy (2025) – Learn more about this data

Note: “Other renewables” include geothermal, biomass, and waste energy.

OurWorldinData.org/energy | CC BY

ENERGY CONSUMPTION BY SOURCE, WORLD
Measured in terms of primary energy using the substitution method
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While there will inevitably be some shifting toward renewables due to 
economics and individual preferences, it seems unlikely the U.S. will make 
a broad-based transition in the near future. More generally, we can expect 
other countries to build energy systems around their available domestic 
resources in pursuit of energy security and independence.

As a result of limited resources and political and cultural preferences, 
Europe has made considerable progress in the transition toward 
renewables, particularly in the generation of electricity. EU countries derive 
45% of their electricity on average from renewables as compared to 21.4% 
in the U.S. Denmark, Sweden, and Norway have reached 80%, 88%, and 
100%, respectively. Spain recently announced that on April 16th, its entire 
electrical grid was powered by renewable resources. Although that was a 
single day event, it indicates the progress that has been made. The following 
graphic displays the percentage derived from renewables for all energy uses 
in the EU. The average of 24.5% is almost three times that of the U.S. and the 
diamond represents its 2030 target of 42.5%.

SHARE OF ENERGY FROM RENEWABLE SOURCES, 2023 (%)

2030 Target
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Given its size, China’s energy posture is of critical importance to the global 
outlook and it is actually implementing a two pronged strategy. The first 
involves dramatically increasing the use of renewables in its own energy 
production in order to increase energy security by reducing reliance on other 
countries. Second, it is dominating the world in the manufacture of clean 
energy technology. China has five times the installed photovoltaic base of 
the second largest player which is the U.S., and it increased its capacity by 
46% in 2024, more than the rest of the world combined. Similarly, it has 
three and one half times the wind installations of its nearest competitor 
which is also the U.S. Despite these efforts, China’s energy needs are so large 
that its usage continues to be dominated by fossil fuels. While roughly 38% 
of its electricity is generated using renewables, fossil fuels represent 91% 
of overall energy consumption with coal accounting for 62% of the total. 
Largely as a result of its coal consumption, China emits more pollution than 
the U.S. and Europe combined. China’s manufacturing strategy is a topic 
for another day, but suffice it to say that its exports of lithium-ion batteries, 
solar panels, and electric cars are more than five times that of the U.S. 
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TAKEAWAYS
•	 Economic history is largely a series of  

energy transitions.

•	 Since fossil fuels will eventually be depleted, 
there will be another energy transition.

•	 The transition to renewables is occurring, but 
it is likely to be irregular and slower than many 
expected. As shown on the right, the IEA forecasts 
that growth in renewables will come largely at the 
expense of consumption of coal. Petroleum and 
natural gas will remain a significant component 
of energy demand. 

•	 Total energy consumption will continue to grow due to population 
growth and the maturation of developing countries. The International 
Energy Agency forecasts a 34% increase in total demand between now 
and 2050. A portion of that demand will relate to the manufacture of 
renewable energy equipment.

Source: U.S. Energy Information Administration, International Energy Outlook 2021 Reference case

Note: Petroleum and other liquids includes biofuels.

GLOBAL PRIMARY ENERGY CONSUMPTION BY ENERGY SOURCE (2010-2050)
Quadrillion British thermal units

SHARE OF PRIMARY ENERGY CONSUMPTION  
BY SOURCE, WORLD
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•	 As a result of overall increases in energy consumption, carbon dioxide 
emissions are expected to increase 25% by 2050. 

•	 The transition will vary from one country to the next due to different 
resource bases, culture, and politics. 

•	 AI and its associated demand for electricity represent a significant 
wild card in the transition. UN Secretary-General Antonio Guterres 
has challenged the tech industry to commit to powering data centers 
entirely with renewable power by 2030. 

•	 Of course, it is impossible to predict all of the innovations that will 
result from this transition. A few candidates are improved nuclear 
technology including micro reactors, new battery technologies, smart 
agriculture, green hydrogen, enhanced electric vehicles, and new 
applications of photovoltaic materials. 
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IMPORTANT NOTES AND DISCLOSURES
This White Paper is being made available for educational purposes only and should not be 
used for any other purpose. Certain information contained herein concerning economic 
trends and performance is based on or derived from information provided by independent 
third-party sources. Diversified Trust Company, Inc. believes that the sources from which 
such information has been obtained are reliable; however, it cannot guarantee the accuracy 
of such information and has not independently verified the accuracy or completeness of such 
information or the assumptions on which such information is based.

Opinions expressed in these materials are current only as of the date appearing herein and 
are subject to change without notice. The information herein is presented for illustration 
and discussion purposes only and is not intended to be, nor should it be construed as, 
investment advice or an offer to sell, or a solicitation of an offer to buy securities of any type 
of description. Nothing in these materials is intended to be tax or legal advice, and clients are 
urged to consult with their own legal advisors in this regard.
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