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Executive Summary

No country has ever become rich, healthy, and long-lived without utilizing a lot of energy. Across every
nation and the entire historical record, prosperity and energy use rise together — with no exceptions.
For human health, energy doesn't just correlate with progress — it physically delivers it. You can't
refrigerate a vaccine, run a hospital, or pump clean water without reliable energy, and as energy
consumption has spread worldwide, global life expectancy more than doubled and child mortality fell
from nearly 25 percent to under 4 percent.
American energy demand is about to surge — and policy hasn't caught up. AI data centers, advanced
manufacturing, and electrification are driving sustained new demand, and policies that constrain supply
run directly against that reality.

Abstract
Behind nearly every major gain in modern living standards is a common factor: expanded access to energy.
Over the past century, large increases in energy use have coincided with substantial gains in income,
productivity, health, and living standards. While energy and economic output have become less tightly linked
in some advanced economies—a phenomenon often described as "decoupling"—this reflects improvements in
efficiency and structural shifts toward less energy-intensive sectors, rather than a diminished role for energy
itself. Drawing on long-run historical trends and cross-country comparisons, this paper shows that higher
levels of energy consumption are consistently associated with higher per capita income, greater labor
productivity, increased agricultural output, and improved public health outcomes, including longer life
expectancy and lower child mortality. These relationships hold across countries at every stage of development.
The relationship between energy use and prosperity is best understood as one of simultaneity: energy access
supports production and incomes, while rising incomes in turn finance further energy use. No country has
achieved high incomes, long life expectancy, or low child mortality without substantial energy consumption.
As a result, policies that expand energy availability, improve reliability, and support a diverse portfolio are
critical to sustaining economic growth and living standards worldwide.

Introduction
Over the past century, large increases in energy use have coincided with substantial gains in income,
productivity, health, and living standards. Access to affordable and reliable energy—often taken for granted in
advanced economies—has been central to these improvements, powering everyday technologies such as
computers, cell phones, and household appliances. This relationship is not incidental: energy enables
production, supports technological adoption, and allows households and firms to operate more efficiently
across nearly every sector of the economy (Smil, 2017).



Evidence from both long-run historical trends and cross-country comparisons points to a consistent pattern.
As energy consumption rises, so do key indicators of economic performance—such as income and productivity
—and broader measures of living standards, including life expectancy and child mortality among others. These
relationships appear across countries at different stages of development and across multiple dimensions of
human welfare.

The relationship between energy consumption and economic prosperity is best understood as one of
simultaneity rather than simple one-way causation. Energy access enables production and raises incomes;
rising incomes in turn finance further energy infrastructure and support more energy-intensive consumption.
The two variables co-evolve in a mutually reinforcing process, which helps explain both why their correlation
is so consistent across countries and over time, and why decades of econometric work have struggled to
identify a clean unidirectional causal relationship (Kraft & Kraft, 1978; Ozturk, 2010). While energy in and of
itself does not determine outcomes, it is a necessary prerequisite for creating and sustaining modern levels of
income, health, and productivity.

This pattern is consistent with the developed and developing decoupling results presented later in this paper,
and it carries an important policy implication: restricting energy access risks not merely forgoing a marginal
input but disrupting the self-reinforcing dynamic through which countries raise living standards. Building on
prior research on the relationship between energy use and human well-being, including the authors’ earlier

work, this paper incorporates more recent data and expands the analysis across a broader set of outcomes.
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The sections that follow examine this relationship across several dimensions. They begin with the diffusion of
energy-enabled technologies and their role in transforming daily life, then turn to economic outcomes,
focusing on income and labor productivity, and next consider agriculture, where energy supports significant
gains in crop yields and food production. Finally, it examines public health outcomes, including life
expectancy, child mortality, and broader measures of environmental health. Across each of these domains, a
consistent pattern emerges: greater access to affordable and reliable energy is closely associated with
improved living standards.

How Energy-Enabled Technologies Transform Daily Life
Figure 1 displays various household technologies and their use among U.S. households over time.
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Figure 1

The pattern is consistent across generations of innovation: once technologies become affordable and scalable,
adoption accelerates rapidly and eventually reaches near-universal levels. Technologies such as radios, cars,
and washing machines were quickly adopted during the 1920s and post–World War II eras. Radios in
particular were adopted rapidly during this earlier period, reaching mainstream use in about 25 years. In 1931,
roughly 52 percent of households were using this technology, and by the late 1940s, adoption exceeded 90
percent of households.

Many other technologies besides radios, including cars and washing machines, follow an S-shaped curve,
where adoption begins slowly but then accelerates as its use becomes mainstream, only slowing once it
approaches nearly full saturation, typically at least 90 percent of households. Modern technologies such as
computers and cellular phones exhibit this same pattern, achieving widespread adoption in a relatively short
time frame. Cellular phones have also replaced antiquated technologies like landlines, which declined from
usage in about 95 percent of households in the early 2000s to just over 20 percent by 2023.

Other household technologies that require infrastructure, including indoor plumbing or air conditioning,
display a more gradual adoption pattern than a rapid one over a longer time horizon, reaching nearly full
saturation today as a necessity of daily living.

Energy, Economic Growth, and the Reality of Decoupling



The sustained increase in living standards discussed in the prior section coincides with a period of expanding
energy use, reflecting the role of energy in enabling industrialization, capital formation, and technological
progress. Indeed, as economies gain access to more abundant and reliable energy, they are able to produce
more goods and services per person, supporting higher incomes and broader improvements in material well-
being.

One of the most important features of the modern era is the dramatic rise in primary energy use. Figure 2
shows U.S. and global primary energy consumption from 1900 through the most recent year of available data,
in exajoules (EJ) per year. U.S. consumption rose from roughly 10 EJ in 1900 to about 102 EJ today—about a
tenfold increase over 125 years. Global consumption rose from roughly 44 EJ to about 603 EJ over the same
period—a fourteenfold increase. Most of that rise occurred after World War II, as fossil fuels and
electrification spread well beyond the early-industrial economies.

Figure 2

Real economic output rose alongside this energy expansion. Figure 3 shows U.S. and global real GDP from
1900 through the most recent year of available data, in trillions of constant 2011 international (PPP-adjusted)
dollars. U.S. real GDP grew from roughly $0.6 trillion in 1900 to over $20 trillion today—more than a thirty-
fold increase. Global real GDP grew from roughly $3.5 trillion to about $138 trillion over the same period—a
nearly fortyfold increase. As with energy, most of the growth occurred in the second half of the twentieth
century, with continued expansion through the early twenty-first.



Figure 3

Before turning to per capita measures, it is useful to look at the broader relationship between energy use and
economic output and how it has evolved as economies have grown more efficient.

Figures 4a and 4b trace U.S. and global GDP against total primary energy consumption at ten-year intervals
from 1900 through 2020. Both axes are log-scaled with equal log decades, so the geometry of the trajectory
has a direct economic meaning. A 45° path on this figure corresponds to a one-to-one relationship between
energy and economic growth—for every percent rise in energy use, GDP rises by the same percent. The gray
dashed line on each panel marks that 1:1 reference. A path that climbs more steeply than the dashed line
means GDP grew faster than energy — that the economy got more output from each unit of energy over time.



Figure 4a



Figure 4b

Globally, the path climbs steadily across the entire twentieth century and remains well above the 1:1 reference
throughout. Energy use rose from about 44 EJ in 1900 to roughly 590 EJ in 2020—a fourteenfold increase—
while real global GDP grew from about $3.5 trillion to about $119 trillion, more than a thirtyfold increase.
Each unit of energy now produces roughly 2.4 times more GDP at the global level than it did in 1900. Growth
accelerated after World War II as industrialization spread beyond the early-industrial economies, and this
path steepens further after 2000.

The United States, however, has a slightly different story. Through the postwar decades, energy use and GDP
grew roughly in tandem—by 1970 the U.S. consumed about seven times as much primary energy as in 1900
and had similar multiples of GDP growth. After the 1973 OPEC oil embargo and the 1979 Iranian Revolution,
U.S. energy growth slowed materially relative to GDP growth, and after the 2008 financial crisis the trajectory
turns nearly vertical: U.S. primary energy consumption peaked near 100 EJ that year and has flattened or
slightly declined since, while real GDP has climbed past $18 trillion. Each unit of energy in the U.S. now
produces about 3.1 times more GDP than it did in 1900, and 2.7 times more than in 1970—the bulk of the
decoupling occurred in the post-oil-shock regime.

The pattern becomes more apparent when real GDP and primary energy consumption are rebased to a
common starting year and tracked as multiples since as can be seen in Figure 5.

Figure 5a



Figure 5b

As Figure 5a shows, in the United States, real GDP rose roughly 9.5-fold between 1950 and 2024, while
primary energy use rose 2.8-fold—a unit of energy now supports more than three times as much economic
output as it did in 1950. Some may read this decoupling to mean that “more energy no longer matters;”
however, two distinct forces drive it and neither supports that reading. The first is genuine efficiency gain:
each unit of energy now yields substantially more output than it did at midcentury. The second is structural—
the composition of U.S. GDP has shifted markedly toward services and away from the energy-intensive goods-
producing sectors that historically dominated the economy, so a substantial portion of the apparent
decoupling reflects the relative shrinkage of those heavy-energy sectors, domestically, rather than a reduced
need for energy itself. U.S. consumers still rely on energy-intensive goods that are increasingly produced
abroad and imported.

Despite that energy consumption occurring abroad, it is still crucial to the U.S. economy. However, even after
accounting for both the effects of increasing efficiency and the expanding domestic services share of output,
U.S. energy consumption still nearly tripled over the period in absolute terms. A similar pattern is depicted in
Figure 6a, albeit less pronounced, at the global level as well. Figure 6b reflects this U.S. decoupling alongside
the goods-to-services compositional shift that drives much of it.



Figure 6a

Figure 6b



As can be seen in Figure 6a, world real GDP grew approximately 6.7-fold between 1960 and 2024, while
primary energy consumption (available in this dataset from 1965 onward) grew about 4.1-fold. This
decoupling reflects shifts in the composition of output—a larger services share, more efficient industrial
processes, and improvements in energy intensity per unit of GDP—rather than a decline in the importance of
energy itself.

There is a significant degree of heterogeneity across the globe in terms of the nature of this decoupling. Figure
7a and Figure 7b break down this decoupling across developed and developing countries as defined under

World Bank income classification.
[2]

Figure 7a



Figure 7b

As Figure 7a illustrates, in high-income (developed) economies—defined by higher per capita income—real
GDP since 1960 has grown 4.9-fold while energy use grew only 2.5-fold. In developing economies—those with
lower per capita income—by contrast, real GDP grew much more rapidly—17.6-fold—alongside an 8.0-fold
increase in energy use, increasing from about roughly $2.1 trillion to $37.1 trillion, with energy use rising from
approximately 12,300 TWh to roughly 98,200 TWh. The pattern indicates that decoupling is most evident in
already-industrialized economies, while developing economies are still in the energy-intensive phase of
growth, where additional energy use translates fairly directly into additional output.

This pattern is best understood developmentally rather than as a divergence in how energy and economic
growth relate. Developed economies' lower energy intensity reflects a later stage of the same process
developing economies are now traversing: energy-intensive industrialization built the manufacturing base,
transportation networks, electrical grids, and capital stock on which a services-heavy economy can
subsequently rest. The services and information sectors that dominate U.S. output today are not energy-light
in any absolute sense—they depend on industrial inputs produced elsewhere, on continuously powered digital
infrastructure, and on the built environment that earlier energy-intensive growth made possible. Viewed this
way, the U.S. trajectory through roughly 1970 looks much like the developing-country pattern visible today,
and the apparent decoupling that followed is the destination of that earlier path rather than an alternative to
it.



With this backdrop—substantial economic growth supported by, but not proportional to, energy use—the key
insight is not that energy has become less important, but that economies have become more efficient in how
they use it. Each unit of energy today supports significantly more output than in the past, a clear manifestation
of both technological progress and structural economic change. Far from weakening the link between energy
and prosperity, this pattern underscores how central energy remains to modern economic life—even as its use
becomes more productive.

This distinction motivates the next step in our analysis. While aggregate trends highlight how energy and
output evolve together over time, per capita measures provide a clearer view of how energy translates into
improvements in individual well-being. The following section therefore turns to income and productivity,
examining how energy use relates to per capita GDP, labor, industrial, and agricultural productivity across
both time and countries.

Energy, Income, and Productivity
While global energy consumption has grown substantially over the past century, these aggregate trends
obscure large differences across countries. Energy use per person varies widely around the world, and these
differences are closely tied to disparities in income and productivity.

The following figures present both time series and cross-country scatter plots comparing per capita energy
consumption with key measures of economic well-being, including per capita GDP as well as labor, industrial,
and agricultural productivity. Each is shown on a logarithmic scale, allowing for meaningful comparisons
across countries at vastly different levels of development. On this scale, proportional increases are comparable
—for example, moving from 1,000 to 10,000 units represents the same relative change as moving from 10,000
to 100,000. These comparisons provide a framework for assessing how differences in energy use align with
differences in economic outcomes across countries.

Among the measures considered here, the link between energy use and income is the most direct. Higher
levels of energy consumption are consistently associated with higher per capita GDP—both within countries
over time and across countries at a point in time—because energy is a fundamental input to production that
raises the output obtainable from labor and capital. At the same time, rising incomes in turn finance further
energy use. Figure 8a depicts per capita GDP over time and Figure 8b shows energy consumption on a
country-by-country basis. In this and subsequent country level plots, x-axis units are in gigajoules (GJ).



Figure 8a

Figure 8b



As can be seen in Figure 8a, there has been a dramatic rise in income per capita over the past century at both
the global level and in the United States. From 1900 to 2022, real global GDP per capita rose from about
$2,300 to about $16,700 (in international 2011 dollars), which is more than a sixfold increase. The United
States also experienced massive growth, where per capita income increased from about $8,000 to nearly
$60,000.

Figure 8b also shows the relationship between per capita energy consumption and per capita GDP across
countries in 2022. There is a strong positive relationship, where countries with low energy consumption
typically have low levels of income, whereas countries with high energy consumption have significantly higher
incomes. For example, countries that use only a few hundred to a few thousand kilowatt hours (kWh) per
capita tend to have subsistence-level production of around $1,000 to $3,000 per year. On the other hand,
countries that use tens of thousands of kWh per person, such as the United States and Norway, have
significantly higher income.

Access to affordable energy also enables firms to generate more output from the same labor and capital inputs.
Figure 9a quantifies this concept, depicting labor productivity in the United States, measured as output (in
international 2021 dollars) per hour worked:

Figure 9a

As Figure 9a shows, from 1950 to 2023, productivity rose from roughly $22 per hour to over $80 per hour, an
increase of nearly 300 percent. As Figure 9b also shows on a cross-country basis, there is a strong positive
relationship, where countries with higher energy consumption exhibit greater productivity than countries that
consume less energy. For example, the United States uses nearly four times more energy per person than
Brazil and produces about four times as much output per hour worked. The United States also uses over one



hundred times more energy per person and achieves approximately twenty times higher labor productivity
compared to countries such as Ethiopia that have lower levels of energy consumption.

Figure 9b

Labor productivity measures output per hour of work across the entire economy. A related measure—
industrial value added per capita—isolates output from mining, manufacturing, construction, and utilities.
Because these sectors are particularly energy-intensive, the link between energy and output should be
particularly pronounced, rendering industrial value added a cleaner test of how energy access translates into
industrial capacity.

Figure 10a plots U.S. and world industrial value added per capita over time, in constant 2020 U.S. dollars. The
U.S. has consistently produced about three to four times as much industrial output per capita as the world
average. In particular, from 1970 to 2024, U.S. industrial output per capita rose from roughly $8,700 to
$11,700, while the world average rose from about $1,750 to $3,100—global industrial output per person nearly
doubled. The cross-country panel of the same figure confirms the strong positive relationship between
primary energy use per capita and industrial value added per capita: the population-weighted log-log fit yields
R² = 0.84. Countries that consume tens of gigajoules of primary energy per capita per year tend to produce a
few thousand U.S. dollars of industrial output per person, while countries consuming hundreds of gigajoules
per capita produce tens of thousands of dollars of industrial output per person. A few small, high-income
outliers—Ireland, Qatar, Switzerland, Norway, Denmark—sit above the fit line, reflecting concentration in
particularly capital and energy-intensive industrial niches.



Figure 10a

Figure 10b



Agriculture provides another clear example of how energy drives human advancement. Greater access to
energy enables mechanization, improves inputs, and increases efficiency, leading to substantial gains in crop
yields over time. The following figures show these trends both historically and across countries. Figures 11a,
11b, 11c, and 11d depict changes in corn and wheat yields over time.

Figure 11a



Figure 11b

Figure 11c



Figure 11d

Figure 11a and 11c highlights trends in crop yields for corn and wheat from the early 1960s through 2024 at
the global level and in the United States. Corn yields in the United States are consistently higher than the
global average, and in 2024, the United States produced about 11 tonnes per hectare compared to just under 6
tonnes per hectare worldwide. Wheat yields have also increased over time, rising from approximately 1.6 to
about 3.4 tonnes per hectare in the United States and from about 1.1 to 3.6 tonnes per hectare globally. The
reasons for these gains are multiple and well-documented: improvements in seed genetics, the widespread
adoption of synthetic nitrogen fertilizers (themselves highly energy-intensive to produce), expanded irrigation,
and mechanization. Affordable and reliable energy is a necessary input to several of these advances—most
directly through fertilizer production, irrigation pumping, and farm machinery—and supports the more recent
adoption of GPS-based precision farming, remote sensing, and data-driven management tools (Erisman et al.,
2008; Evenson & Gollin, 2003; FAO, 2021; NIFA, n.d.-a, n.d.-b; Smil, 2001).

Across each measure, a clear and consistent pattern emerges: countries with greater access to energy tend to
exhibit higher incomes and greater levels of productivity. More broadly, access to affordable and reliable
energy expands the capacity of individuals and firms to produce, earn, and improve their standard of living.

Energy and the Transformation of Global Health
Unlike the income and productivity relationships discussed earlier—where energy use and economic output
are jointly determined—the relationship between energy access and public health operates through several
direct mechanisms where the causal direction is clear. Modern healthcare delivery requires reliable electricity
for surgical lighting, sterilization, refrigeration of vaccines and medications, diagnostic imaging, and life-
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support equipment such as incubators and ventilators. Clean water provision and wastewater treatment
depend on energy for pumping, filtration, and chemical treatment. Cooking with clean fuels rather than
biomass prevents the indoor air pollution that the World Health Organization estimates contributes to nearly
three million deaths annually (World Health Organization, 2025). These are not statistical associations but
rather physical requirements: where energy is unavailable or unreliable, the systems that sustain modern
health outcomes cannot function. The cross-country and time-series evidence presented in this section is
therefore best read as confirming what these mechanisms predict.

Figure 12a, for example, illustrates this progress through rising life expectancy in both the United States and
worldwide. The aggregate trend reflects many overlapping advances—sanitation, vaccines, antibiotics,
nutrition, and maternal care—most of which themselves depend on reliable energy infrastructure to deliver.

Figure 12a

As shown in Figure 12a, global life expectancy was roughly 32 years in 1900, but over a century has more than
doubled to over 73 years by 2023. The United States follows a similar pattern, where, despite a sharp decline
during the 1918 influenza pandemic, life expectancy increased from about 49 years in the early 1900s to just
under 80 years by 2023.

On a cross-sectional basis, Figure 12b shows the relationship between per capita energy consumption and life
expectancy across countries in 2023. The relationship is strongly positive: countries with very low energy
consumption tend to have substantially lower life expectancy than those with high consumption. Somalia and
Chad, with low per capita energy use, have life expectancies below 60 years, while high-consumption countries
such as Norway, Japan, and Switzerland exceed 80 years. This pattern should be interpreted carefully. At the
aggregate level, energy consumption is correlated with the broader bundle of modernization—income,

https://www.who.int/news-room/fact-sheets/detail/household-air-pollution-and-health


institutions, sanitation, and health systems—and the scatterplot does not isolate the marginal effect of energy
alone.

Figure 12b

The cross-country data also reveal substantial variation in how efficiently a given level of energy use translates
into health outcomes. Japan, Switzerland, and Hong Kong each achieve life expectancy above 83 years at
roughly 120–130 GJ of primary energy per capita, well below U.S. consumption, while other countries at
comparable energy levels perform less well. These differences reflect a range of factors largely unrelated to the
quantity of energy consumed: settlement density and urban form, climate, the industrial composition of
output, the share of consumption met by imported goods (whose production energy is counted abroad), and
the efficiency of end-use technologies and building stock. The implication is that energy is a necessary input to
modern health outcomes—no country has achieved high life expectancy without substantial energy use—but
the relationship between energy and welfare is mediated by how energy systems are configured, not by energy
quantity alone.

Figure 13a offers a visual representation of the changes in child mortality since the mid-twentieth century both
globally as well as in the United States:



Figure 13a

Figure 13b



As Figure 13a shows, child mortality rates fell globally from nearly 25 percent in 1950 to about 3.7 percent in
2023. In the United States, these percentages also plummeted—from 3.8 percent in 1950 to less than one
percent by 2023. As shown in Figure 14b, on a cross-country basis it is clear that there is a strong negative
relationship, where countries with low energy consumption tend to have much higher rates of child mortality
compared to countries with higher energy consumption that have significantly lower child mortality. For
example, countries such as Somalia and Chad that have low energy consumption have child mortality rates
exceeding 10 percent, whereas countries such as Norway, Japan, and Switzerland that have much higher
energy consumption have child mortality rates below 1 percent.

The reasons for these gains are straightforward. Access to affordable and reliable energy powers the hospitals
where doctors are trained and practice, enables pharmaceutical companies to develop life-saving medications,
and underpins many of the technologies that save lives.

This aspect of health care is only part of the story, however. Energy access also determines whether
populations have clean air to breathe and clean water to drink — two of the most fundamental determinants of
public health. Clean air and clean water are fundamentally important to healthy lives, and energy access
shapes both. Greater access to energy expands the range of available sources, enabling countries to shift
toward cleaner options. In many developing nations, however, households still rely on biomass fuels—such as
wood, charcoal, and crop residues—for cooking and heating, contributing significantly to indoor and outdoor
air pollution (Amegah & Jaakkola, 2016; World Health Organization, 2025).

Reliable energy is also important for securing clean water. In fact, meeting energy needs requires water, and
energy is needed for pumping, treatment, and distribution of water, as well as for collection, treatment, and
discharge of wastewater—a relationship known as the energy-water nexus (Copeland & Carter, 2017; The
Berkey, n.d.). By some estimates, 80 percent of the cost of water provision is related to energy, making
modern water systems fundamentally dependent on a consistent supply.

Expanded energy access also accelerates the development and adoption of cleaner production technologies,
including pollution-control tools such as scrubbers and electrostatic precipitators that can remove over 99
percent of particulates from emissions (U.S. Environmental Protection Agency, 2025). In this way, energy
access not only supports economic development but plays a central role in improving environmental quality
and human health.

Figures 14a, 14b, 14c and 14d depict the relationship between per capita energy consumption and deaths
attributable to dirty air and water on a cross-country basis.
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Figure 14a

Figure 14b



Figure 14c

Figure 14d



As the time-series panel in Figure 14a shows, there has been a dramatic decline in air-pollution deaths:
mortality fell more than four-fold since 1990 (from about 57 to 13 per 100,000) domestically and roughly
halved (from 180 to 92) globally. In terms of unsafe drinking water, global deaths fell from 50 to under 10 per
100,000—an 80 percent decline driven largely by middle-income economies gaining reliable water and energy
infrastructure. The lone counter-trend is a small uptick in U.S. unsafe-water deaths from a near-zero base
(about 0.04 to 0.06 per 100,000), most likely reflecting the documented rise of Legionnaires' disease in aging
premise plumbing combined with an older, more vulnerable population (Barskey et al., 2022; Moffa et al.,
2023). Notably, the remedies for this uptick—water-system upgrades, building plumbing replacement, and
modern hospital capacity—are themselves energy-intensive, so addressing this trend will require sustained
infrastructure investment that depends in part on the reliable energy systems supporting modern water
treatment.

Figure 14b and 14d also show the relationship between per capita energy consumption and deaths due to air
pollution and unsafe drinking water across countries in 2023, demonstrating that mortality rates tend to
decline as energy consumption increases. Countries with very low energy use (less than 600 kWh per person),
such as Somalia and Madagascar, have some of the highest mortality rates, with air-pollution death rates of
roughly 100-200 deaths per 100,000 people and unsafe-drinking-water death rates reaching tens to over 100
per 100,000. In contrast, countries with much higher energy consumption, including Finland, Sweden, and
Iceland, have far lower mortality rates, with deaths from unsafe drinking water close to zero and air-pollution
death rates only a few per 100,000.

As the data shows, higher energy consumption correlates strongly with lower mortality from air pollution and
unsafe water. Where energy is scarce, preventable deaths remain stubbornly high; where it is plentiful, they
fall to near zero. Clean air and clean water are products of infrastructure, and that infrastructure depends on
reliable power—making expanded energy access not a secondary benefit of economic development, but a core
public health imperative.

Taken together, the evidence points to a clear conclusion regarding the link between access to affordable and
reliable energy and health outcomes; namely, improvements in public health are closely tied to access to
affordable and reliable energy. From extending life expectancy and reducing child mortality to enabling clean
water systems and lowering exposure to harmful pollution, energy underpins many of the basic conditions
required for a healthy society. These gains are not incidental—they reflect the role of energy in powering the
infrastructure, technologies, and institutions that sustain modern health systems. For policymakers, the
implication is straightforward: expanding access to energy is not only an economic priority, but a public health
imperative.

Policy Implications
The statistical analysis presented in this paper establishes two key findings of differing strength:

Energy access is a prerequisite for modern living standards: no country has achieved high incomes, long
life expectancy, or low child mortality without substantial energy consumption, and the mechanisms
linking energy to public health—water treatment, vaccine refrigeration, surgical and diagnostic
infrastructure—are direct and well understood.
The marginal returns to additional energy use are largest in countries still in the energy-intensive phase
of industrialization: developing economies have seen real GDP grow 17.6-fold since 1960 against an 8.0-
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fold increase in energy use, a substantially tighter coupling than the 4.9-fold versus 2.5-fold pattern in
already-industrialized economies.

In advanced economies, additional energy use yields smaller gains; however, this phenomenon has historically
reflected saturation and increases in efficiency, not diminished importance. Services, information, and the
built environment all run continuously on energy, and the floor required to sustain a modern economy is high
and non-negotiable. Modest marginal returns measure how thoroughly energy already underpins these
economies, not evidence that it has become optional.

Regardless, energy abundance will continue to remain essential across both stages of development, though for
different reasons. In developing economies, expanded access is the precondition for the industrialization,
infrastructure buildout, and public health gains documented above—the path every advanced economy has
already traveled. In developed economies, the demands of the coming decades will be shaped by the rapid
growth of AI infrastructure, electrification of the transportation industry, and advanced manufacturing, all of
which require substantial new generation and grid capacity.

As a result, we have the following policy recommendations:

A Bipartisan Commission to Investigate Permitting Reform
Data centers in particular are projected to drive a significant share of new electricity demand in the United
States and other advanced economies through the next decade—the IEA forecasts U.S. electricity demand
growth of roughly 2 percent per year through 2030, with about half of that increase coming from data center
expansion alone—reversing the long period of flat or declining consumption that defined the post-2008 era.
Whether the question is bringing a developing country online or powering the next generation of computing,
the answer requires more energy, not less (International Energy Agency, 2026).

A critical component of this effort is the regulatory environment governing energy development. Lengthy
permitting processes, overlapping federal and state requirements, and uncertainty in project approval can
delay or prevent the deployment of energy infrastructure. These barriers can constrain supply, increase costs,
and limit the ability of economies to respond to growing energy demand. Streamlining permitting, improving
regulatory coordination, and reducing unnecessary delays could meaningfully expand energy availability while
maintaining appropriate safeguards.

More concretely, given the magnitude and urgency of the coming energy buildout, Congress should consider
establishing a bipartisan permitting reform commission similar to the National Commission on Fiscal
Responsibility and Reform (Capretta & Rowing, 2023; West & Gabriele, 2012). Different energy sources
operate under different permitting regimes—nuclear projects operate under the Nuclear Regulatory
Commission, interstate transmission operates under the Federal Energy Regulatory Commission, oil and gas
leasing under the Bureau of Land Management, and large-scale renewable projects typically through a mix of
state and federal authorities—and each raises distinct, legitimate questions about environmental review,
community input, and federal preemption. A commission overarchingly examining these regimes could
identify common bottlenecks across them and propose reforms that preserve meaningful safeguards while
reducing the years of unnecessary delay that now routinely accompany major energy projects. Whatever the
specifics such a body might recommend, the question itself is imperative: the data center buildout already
under way will require energy infrastructure on a scale that the current permitting regime is structurally
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unprepared to deliver on a relevant timeline. A near-term commitment to institutional reform is therefore as
consequential as any individual policy choice on its merits.

Adopt an All of The Above Approach for Energy Policy
An “all-of-the-above” approach to energy development can help ensure affordability, reliability, and resilience.
Different energy sources offer distinct advantages, and a diversified energy portfolio reduces vulnerability to
supply disruptions while supporting scalable growth. Encouraging innovation across a wide range of energy
technologies—including fossil fuels, nuclear power, and renewable sources—can expand supply and improve
efficiency over time.

The Trump administration's Executive Order 14154, "Unleashing American Energy," is a step in the right
direction, removing several regulatory barriers to domestic energy development and pausing the disbursement
of Inflation Reduction Act funds inconsistent with that aim. Executive actions such as EO 14154, however, can
reach only the grant and loan disbursements under executive control; the IRA's energy-related tax credits
continue to sit outside that reach and remain in force until Congress acts. Yet the One Big Beautiful Bill Act of
2025 (OBBB) leaves a number of energy-related subsidies in place, and in some cases expands them. The
Clean Fuel Production credit, for example, was extended through the end of 2029 and modified to make the
credit more readily available to land-intensive biofuels such as corn ethanol and soy biodiesel, at an estimated
cost of roughly $25 billion in additional federal deficits over the 2025–2034 window. The carbon oxide
sequestration credit was likewise expanded, broadening the $85-per-ton ($180-per-ton for direct air capture)
subsidy to a wider set of qualifying uses, adding approximately $14 billion to the deficit over the same period.
Such credits distort investment decisions in transportation fuel and electricity markets, and they create
constituencies for their own extension that make eventual repeal politically harder the longer they remain in
place. A consistent "all-of-the-above" approach—one that lets energy sources compete on their economic and
operational merits rather than on the basis of preferential tax treatment—would call for repealing the energy-
related subsidies that OBBB retains (Gae, 2026a; Gae, 2026b).

More fundamentally, policymakers should carefully weigh the tradeoffs associated with policies that restrict
energy supply or significantly increase its cost. While such policies may be pursued for environmental or other
objectives, they can also impose costs on productivity, income growth, and access to essential services that
should be weighed alongside their intended benefits. These effects are likely most pronounced in energy-
constrained regions and developing economies, where access to energy remains closely tied to basic
improvements in quality of life. Critics have cited climate change as a reason to constrict certain forms of
energy. The empirical case for unilateral restriction in advanced economies is weaker than often assumed:
modeling done by Advancing American Freedom suggests that even complete decarbonization of the United
States and the European Union would reduce projected end-of-century warming by no more than 0.24°C and
0.14°C respectively, indicating that emissions reductions confined to advanced economies—irrespective of
assumptions made—will not meaningfully impact global temperatures (Dayaratna, 2025; Dayaratna, 2026;
Dayaratna & Loris, 2019).

Finally, expanding global energy access should remain a core development priority. Large portions of the
world’s population still lack reliable electricity and modern energy services. Improving access in these regions
is likely to yield substantial gains in income, health, and overall well-being, reinforcing the central finding of
this paper: energy availability is a key driver of human advancement.
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Conclusion
The evidence presented in this paper points to a consistent conclusion: access to affordable and reliable energy
is a foundational input to modern economic performance and human well-being. In developing economies,
expanded energy access remains tightly coupled to gains in income, productivity, agricultural output, and
public health — the same path every advanced economy has already traveled. In advanced economies, the
floor of consumption required to sustain a modern services-and-information economy is already high and
non-negotiable, and the next decade will mark a decisive break from the post-2008 era of flat or declining
demand. AI infrastructure, advanced manufacturing, and the electrification of transportation and heating are
driving a return to sustained growth in energy use, requiring substantial new generation and grid capacity on a
scale that has yet to be seen.

Energy and prosperity are best understood as mutually reinforcing rather than as one variable causing the
other. Energy access enables production and raises incomes; rising incomes finance further energy
infrastructure and support more energy-intensive consumption. The two co-evolve, which is why no country
has achieved high incomes, long life expectancy, or low child mortality without substantial energy use, and
why restrictions on energy availability risk disrupting the self-reinforcing dynamic through which countries
sustain and improve living standards.

For policymakers, this implies different priorities at different stages. Expanding energy access in regions
where it remains scarce is among the highest-return development interventions available—the welfare gains
are large, the mechanisms are clear, and the cross-country evidence is consistent. In advanced economies,
ensuring that energy supply can meet rising demand from AI, advanced manufacturing, and other goals is a
forward-looking imperative, and policies that constrain supply or significantly raise its cost should be weighed
against the aggregate costs of doing so.

Sustaining modern living standards requires abundant, affordable, and reliable energy. Developing economies
need energy to grow, and advanced economies need energy to remain strong. Policymakers should act
accordingly.
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1. This paper updates and extends prior research co-authored by one of the authors of this report; see
Dayaratna et al. (2023). ↑

2. "Developed" and "Developing" country categorizations follow the World Bank's income classification by
GNI per capita (Atlas method): high-income economies (2024 threshold: >$14,005) are grouped as
developed, and upper-middle, lower-middle, and low-income economies are combined as developing.
The 2024 classification is applied to all historical years to prevent countries from changing categories
over time. The full country roster is available upon request. See World Bank (n.d.). ↑
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