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EXECUTIVE
SUMMARY
The problem of energy poverty is widely acknowledged. Approximately one billion
people have little to no access to electricity, and many more lack the financial means
to consume electricity at levels that might support a standard of living that is within
sight of developed countries. Mere access to electricity is not enough. The ability to
consume substantial levels of electricity is generally agreed to be a precondition for
achieving modern living standards. Populations suffering from energy poverty remain
trapped in an economy in which wood and other basic forms of bioenergy are often
the primary source of fuel. Poverty is endemic, labor is menial, off-farm employment
is rare, educational opportunities are limited, social mobility is nil, and subsistence
needs are often in jeopardy.
To support countries that have yet to attain meaningful, country-wide electrification,
we should look to history for lessons on how it was achieved. Extracting useful lessons from history is what motivates the case study research reported here. We examine five examples of successful universal electrification, at the culmination of which a
large percentage of the national population was able to consume electricity at levels
that are correlated with a high standard of living. While these case studies may not
encompass every successful model, the countries we examine — the United States,
Mexico, Brazil, Thailand, and China — were selected to cover a range of historical
periods, geographies, economic circumstances, and institutional arrangements.
To be clear, in all of these countries, some small portion of the population remains
without electricity access and some larger portion suffers unreliable access or levels
of poverty that prevent them from consuming an amount of electricity consonant with
a modern lifestyle. What we measure in these case studies — universal electrification — is not an end to poverty, inequality, corruption, or technical failure. Rather,
what these countries have achieved is at least something extremely close to universal
access to electricity combined with the ability of generators to provide, and most
people to consume, large amounts of electricity. By this standard, these five countries
merited inclusion in our case studies.
3

These case studies serve not just to detail the history of what actually happened on
the road to universal electrification, but also how it happened — a research question to which case study methods are well suited. Because our case study countries
include historical periods of both success and failure in pursuit of electrification, our
sample serves as its own “control group,” allowing us to develop and iteratively test
and confirm hypotheses.
Across case studies, our central finding is that meaningful universal electrification
occurred as part of a broad process of economic development and modernization,
driven by a virtuous cycle of energy consumption, urbanization, industrialization, and
agricultural modernization.
While we find a range of country-specific contexts, institutions, and technological
pathways, this research suggests that in its broad dimensions, the virtuous cycle described above is not just historically incidental to the five countries considered here,
but rather elemental to successful efforts to achieve universal electrification. The processes fundamental to economic modernization — urbanization, industrialization,
and agricultural modernization — do not just appear consistently across the histories
we examine, but rather cannot be separated from the process of extending electricity
to large populations. Urbanization, industrialization, and agricultural modernization
require electricity, and the consumption of electricity at levels necessary to support
modern living standards requires substantial increases in labor productivity (and
hence wages) that are only possible with economic modernization.
Meaningful universal electrification, in other words, cannot be achieved, or understood, in isolation.
Further, we find that universal electrification requires deliberate and sustained efforts
by governments. Initially, governments are instrumental in creating the integration
necessary for an efficient, integrated grid. In all case study countries except China,
private firms also played a large role in bolstering initial growth in the electricity sector, which governments later capitalized on.
Nowhere does government play a more prominent role than in overcoming the challenges inherent in achieving rural electrification. Rural electrification is expensive and
lacks a near-term financial incentive, making it an unattractive investment for private
4
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entities. This is not to say that the national government’s role in rural electrification must
be highly centralized. To the contrary, successful government initiatives in our case
study countries often empowered local municipalities politically and financially to
pursue rural electrification.
Importantly, we also find that countries are most successful in achieving meaningful
electrification of rural areas only after significant urbanization and agricultural modernization is under way, and when they aim to increase consumption of electricity,
not merely access. This is especially true when efforts promote electricity consumption that is income-generating and productivity-enhancing.
This research has a number of implications for efforts to address energy poverty. First,
government policies to comprehensively fund, regulate, and coordinate electrification cannot be readily replaced with piecemeal, private alternatives. Second, efforts
should seek to increase consumption of electricity, not just access, and the emphasis
should be put on promoting income-generating and productivity-enhancing electricity consumption — since it is this kind of electricity consumption that both improves
quality of life and contributes to the virtuous cycle of socioeconomic development.
Moreover, to the extent that new electrification solutions have become available
— small-scale solar panels and batteries, mini- and microgrids, pay-go and other
innovative business models, and the like — they must be compatible with, not an
alternative to, the conventional path to universal electrification. And finally, because
signs point to a future that is increasingly urban and post-agrarian, technologies,
policies, and pathways that do not scale with these eventualities should not be considered viable.
Finally, our findings entail that we should regard with skepticism calls for “alternative
pathways” and “leapfrogging” in the energy systems of developing countries, proposals that are tantamount to the notion that meaningful universal electrification can
be realistically achieved without the virtuous cycle of modernization and its self-reinforcing momentum. While it may be possible to bypass high-pollution and high-carbon energy in some cases, the fundamentals of modernization, by every indication,
cannot be bypassed. Instead, the goal should be to support developing countries
in progressing — as rapidly as possible, while minimizing environmental impact —
along the “road more traveled.”
5

TABLE OF CONTENTS
7 Introduction: The Virtuous Cycle of Electrification and Development
19 United States: The Advent of the Universal Supply System and Modern Utility
33 Mexico: The Power of Centralized Industrial Planning and Electrification
43 Brazil: Experimentation Toward Universal Electrification
55 Thailand: Electrification and Industrialization Without Proportionate Urbanization
67 China: The Struggle to Electrify Without Centralized Urban Industrialization

6

THE BREAKTHROUGH INSTITUTE / The Road More Traveled

INTRODUCTION:

THE VIRTUOUS CYCLE OF
ELECTRIFICATION AND
DEVELOPMENT
The problem of energy poverty is widely acknowledged. Approximately one billion
people have little to no access to electricity,1 and many more lack the financial means
to consume electricity at levels that might support a standard of living that is within
sight of developed countries. Mere access to electricity is not enough. The ability to
consume substantial levels of electricity is generally agreed to be a precondition for
achieving modern living standards. Populations suffering from energy poverty remain
trapped in an economy in which wood and other basic forms of bioenergy are often
the primary source of fuel. Poverty is endemic, labor is menial, off-farm employment
is rare, educational opportunities are limited, social mobility is nil, and subsistence
needs are often in jeopardy.
To support countries that have yet to attain meaningful, country-wide electrification,
we should look to history for lessons on how it was achieved. Extracting useful lessons from history is what motivates the case study research reported here. We examine five examples of successful universal electrification, at the culmination of which a
large percentage of the national population was able to consume electricity at levels
that are correlated with a high standard of living. While these case studies may not
encompass every successful model, the countries we examine — the United States,
Mexico, Brazil, Thailand, and China — were selected to cover a range of historical
periods, geographies, economic circumstances, and institutional arrangements.
To be clear, in all of these countries, some small portion of the population remains
without electricity access and some larger portion suffers unreliable access or levels
of poverty that prevent them from consuming an amount of electricity consonant with
a modern lifestyle. What we measure in these case studies — universal electrification — is not an end to poverty, inequality, corruption, or technical failure. Rather,
7

what these countries have achieved is at least something extremely close to universal
access to electricity combined with the ability of generators to provide, and most
people to consume, large amounts of electricity. By this standard, these five countries
merited inclusion in our case studies.

Meaningful universal electrification occurred as part
of a broad process of economic development and
modernization, driven by a virtuous cycle of energy consumption, urbanization, industrialization, and
agricultural modernization.
These case studies serve not just to detail the history of what actually happened on
the road to universal electrification, but also how it happened — a research question to which case study methods are well suited. Because our case study countries
include historical periods of both success and failure in pursuit of electrification, our
sample serves as its own “control group,” allowing us to develop and iteratively test
and confirm hypotheses.2
Across case studies, our central finding is that meaningful universal electrification
occurred as part of a broad process of economic development and modernization,
driven by a virtuous cycle of energy consumption, urbanization, industrialization, and
agricultural modernization.
While we find a range of country-specific contexts, institutions, and technological
pathways, this research suggests that in its broad dimensions, the virtuous cycle described above is not just historically incidental to the five countries considered here,
but rather elemental to successful efforts to achieve universal electrification. The processes fundamental to economic modernization — urbanization, industrialization,
and agricultural modernization — do not just appear consistently across the histories
we examine, but rather cannot be separated from the process of extending electricity
to large populations. Urbanization, industrialization, and agricultural modernization
require electricity, and the consumption of electricity at levels necessary to support
modern living standards requires substantial increases in labor productivity (and
8

THE BREAKTHROUGH INSTITUTE / The Road More Traveled

hence wages) that are only possible with economic modernization.
Meaningful universal electrification, in other words, cannot be achieved, or understood, in isolation.
Further, we find that universal electrification requires deliberate and sustained efforts
by governments. Initially, governments are instrumental in creating the integration
necessary for an efficient, integrated grid. In all case study countries except China,
private firms also played a large role in bolstering initial growth in the electricity sector, which governments later capitalized on.
Nowhere does government play a more prominent role than in overcoming the challenges inherent in achieving rural electrification. Rural electrification is expensive and
lacks a near-term financial incentive, making it an unattractive investment for private
entities. This is not to say that the national government’s role in rural electrification must
be highly centralized. To the contrary, successful government initiatives in our case
study countries often empowered local municipalities politically and financially to
pursue rural electrification.
Importantly, we also find that countries are most successful in achieving meaningful
electrification of rural areas only after significant urbanization and agricultural modernization is under way, and when they aim to increase consumption of electricity,
not merely access. This is especially true when efforts promote electricity consumption that is income-generating and productivity-enhancing.
Below we further elaborate our findings on the achievement of universal electrification, with illustrations from our case study countries.

Initial Growth of the Electricity Sector and Public Efforts
to Create a Centralized Grid
In four out of five of the case studies, private companies played a significant role in
bolstering initial growth, but government presence and regulation of those private
companies allowed for the integration necessary to achieve a centralized grid and
its attendant expansion.
9

The United States hosted a number of technological and regulative innovations that
are fundamental to modern electricity provision. This technological innovation was
driven by private enterprises, which developed the direct and alternating current
systems and the rotary DC-AC converter. Early entrepreneurs took advantage of
innovations in electricity to begin consolidating the many microgrids littered around
urban areas. Through this consolidation, monopolies began to emerge, which were
then able to hike up prices and limit broader adoption of electricity. The government
responded by creating state-level regulatory bodies that monitored prices and allowed for regional integration, giving rise to the universal supply-system grid integration and modern utility.
Mexico, Brazil, and Thailand all witnessed initial expansion of the electrical sector by
private, foreign companies, which, in all three cases, prompted a domestic push for
greater national presence and ultimately resulted in the creation of a robust, integrated, centralized grid. In Mexico’s case, foreign companies supplied urban areas like
Mexico City and demonstrated little interest in spreading beyond its limits. When the
then-populist Mexican government installed tariff systems to regulate prices, foreign
firms reduced their investment. The government responded by progressively nationalizing the electricity sector, buying out both foreign and domestic firms and ramping
up its contribution to the sector to nearly 90 percent of total sector investment. Importantly, it was at this stage that, through acquisitions and integration, the government
was able to consolidate a centralized grid.
Similarly, the Thai government bought out the sole foreign firm operating in its market — Danish company Siam Electrical Co. Ltd., which was also responsible for the
initial surge of growth — along with a myriad of smaller firms in order to integrate the
system into a centralized grid.
Brazil’s electrical sector was initially dominated by two private, foreign monopolies,
which maintained their presence in Brazil for more than half of the 20th century. But
as the Brazilian government became increasingly nationalist, many foreign investors
grew nervous and capital dried up. The government countered this by acquiring a
large number of firms and mandating a division of responsibilities between public
and private companies, with the public sector in charge of generation and the private sector in charge of provision. Its acquisitions and consolidation helped create
a centralized grid.
10
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China is the notable exception here in that there was no role played by a private
sector, and that achieving a centralized, country-wide grid was not the government’s
goal. Instead, following Mao’s death, China pursued a model of decentralized industrialization, deploying hydropower microgrids in many rural areas and encouraging rural areas to scale them up. This initially bolstered the adoption of electricity,
but it did not lead to a centralized grid or interregional connectivity. It was only
toward the end of the 20th century that the government made concerted efforts to
connect the many microgrids that existed outside of urban centers, due to growing
demand, supply problems with reliability and connectivity, and high levels of rural
poverty. In this way, China’s history illustrates the limits of electrification without an
integrated grid.

The Virtuous Cycle of Electrification, Industrialization,
Urbanization, and Agricultural Modernization
In each case study country, industrialization and urbanization play a vital role in the
progress of electrification. We find that the virtuous cycle of growth brought on by the
expansion of electricity, the mechanization and efficiency maximization of the industrial and manufacturing sectors, the movement of people into cities, and an attendant
rise in incomes at each step, is by every indication necessary to achieve meaningful
universal electrification.
Electrification, industrialization, and urbanization all promote each other and progress in parallel. The mechanization of the industrial process and the electrification of
factories create an enormous new demand for electricity. This demand helps drive
electrical grid integration and expansion; these, in turn, drive more factories to urban
centers, which no longer need to be in proximity to hydroelectric plants and other
independent power sources. The electrification of industry, along with the modernization of agriculture, drives urbanization. As the efficiency of the industrial process
improves, wages rise, allowing more people to purchase appliances and increase
energy consumption. The vastly increased demand for electricity, coupled with the
efficiency of an integrated electrical grid, also drives down the price of electricity,
further increasing demand and continuing the virtuous cycle.
In the United States, the electrification of factories and transportation drove the rapid
expansion of American manufacturing and of American cities. Between 1880 and
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1930, America’s urban population doubled its share of the nation’s total population,
to over 50 percent. The shift from mechanical to electric power in the first three decades of the 20th century coincided with a more-than-200 percent increase in the
productivity of American factories. Alongside this rise in productivity came a significant increase in national real wages over the same period, as more workers shifted
to factory work and earned higher incomes. The combination of rising wages and
falling electricity rates brought residential electrification within reach for a growing
number of households in American cities — indeed, one million homes were wired for
electricity access in 1921 alone — which in turn increased demand for factory-made
electrical appliances such as the washing machine, refrigerator, and electric heater
and thereby solidified the home as a new locus of utility profitability.

Electrification, industrialization, and urbanization all
promote each other and progress in parallel.

Mexico underwent a remarkable period of economic growth and demographic
transformation from 1940 to 1970 — a period referred to as the “Mexican Miracle.”
This was driven by the government’s efforts to shift the Mexican economy away from
its reliance on agricultural exports, and toward the creation of robust domestic industrial and manufacturing sectors, to ensure that employment kept pace with rapid
population growth, particularly in urban areas like Mexico City. During this period,
the national government spent large sums on infrastructure development to support
industrialization, including modernized transport and electric power generation. Industry’s share of the economy climbed to 38 percent in 1987, and agriculture’s share
tumbled throughout the remainder of the century. As part of this societal transformation, electricity access skyrocketed to 95 percent by 2000.
Brazil also sought to shift its near monolithic dependence on agricultural exports toward a diversified, industrialized economy. The government’s investment in infrastructure, and the fast-paced modernization of the country’s industrial and service sectors,
led to the rapid growth of its urban population. From 1960 to 1980, over 30 million
Brazilians migrated from rural to urban areas in search of higher wages and quality
12
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of life, transforming Brazil into a majority urban country. As these trends progressed,
it became of paramount importance that electrical supply be able to meet the increased demand that came with industrialization and economic modernization. To
this end, the country’s massive hydrological potential made large-scale hydroelectric
facilities both desirable and feasible, and the considerable economies of scale that
developed from such large power plants also led to the integration of a centralized
electricity grid. Buoyed by this economic growth and a greatly expanded electricity
sector, the federal government took further steps to diversify and mechanize its agricultural sector, introducing newly arrived mechanical and chemical “Green Revolution” technologies. The focus on increasing agricultural productivity had knock-on
effects in other economic sectors, notably industry, which greatly benefited from increased demand for agricultural machinery.

Meaningful electrification of rural areas requires
building demand for electricity — rural residents must
also have the means and motivation to purchase appliances and agricultural machinery.
Thailand’s history presents an interesting case, as urbanization remained extremely
modest, with less than 15 percent of its population living in urban areas in 1976.
It was the Thai government’s commitment to balanced regional growth through its
developmental five-year plans that ensured a virtuous cycle of electrification and
industrialization. As Thailand sought to modernize its economy in the wake of World
War II, it quickly found that existing power generation facilities could not keep pace
with increasing demand. To facilitate the expansion of the power sector, the World
Bank provided sizable loans for the construction of large-scale coal-fired power
plants, hydroelectric dams, and transmission infrastructure. From 1977 to 1996, the
economy rapidly moved away from reliance on agriculture — dropping from roughly 25 to 9 percent of GDP — and toward the predominance of industry. Electricity
served as a fundamental driver of this economic diversification and growth. Thailand’s history exemplifies the transformative impact that careful, integrated central
planning can have on a country’s development in the span of only a few decades.
13

China’s historical difficulty, and eventual success, in kick-starting the virtuous cycle
places its importance into sharp relief. Under both Mao and Deng Xiaoping —
during the last half of the 20th century — China pursued socioeconomic development, including electrification, without centralized urban industrialization. Without the
full benefit of the virtuous cycle, this path would prove a difficult one. In response
to the failure of the Great Leap Forward, Mao set out to ramp up the country’s
industrial base in rural areas. As a result, the 1960s and 1970s saw considerable
growth of small hydroelectric plants. However, these plants were often unreliable,
inefficient, and unconnected to major grids, and thus detached from any meaningful form of broad economic development. Thus, industry’s share of GDP fluctuated
wildly, and the country’s urban population hardly budged during these years, hovering well below 20 percent. In response to these failures, Deng Xiaoping pursued
a model of decentralized industrialization, which sought to utilize locally controlled,
market-based public entities to develop light industries that would serve as stepping
stones for industrial development. Yet, despite impressive outcomes of Deng’s market-based reforms, industrialization and urbanization were slow to progress, due in
part to the lack of an interconnected, centralized power grid, and a significant disparity in rural–urban electrification. China’s most marked success in kick-starting the
virtuous cycle occurred around the turn of the century. The state enacted sweeping
reforms, which successfully calibrated energy supply and demand, stoked soaring
urbanization, and catalyzed the emergence of a Chinese middle class.

Rural Electrification: Public Efforts to Increase Both
Access and Demand
In each and every case study, electrification first reached urban centers, with stark
initial disparities between urban and rural areas. For instance, in the United States,
85 percent of urban America had access to electricity in 1930, compared with only
10 percent of rural America. In China in 1978, when around 60 percent of the population had energy access, only 5 percent of it was consumed by rural consumers.
Even in Thailand, electricity was largely skewed in favor of Bangkok, with rural areas
having only about 20 percent connectivity in 1977.
This stark initial disparity between the electrification of urban and rural areas is not surprising. As mentioned, rural electrification carries inherent challenges, both financial
and logistical. Electrifying rural areas necessitates expensive infrastructure, including
14

THE BREAKTHROUGH INSTITUTE / The Road More Traveled

grid expansion. Furthermore, ensuring mere access to electricity has limited impact.
Meaningful electrification of rural areas requires building demand for electricity —
rural residents must also have the means and motivation to purchase appliances and
agricultural machinery.
Given these challenges, national governments of each country took similar hands-on
approaches to rural electrification, with China as a slight exception. In all cases, the
state launched specific rural electrification government bodies; in four of the cases, governments achieved success through focused development efforts to educate
non-urban residents, particularly farmers, on the benefits of electrification and appropriate technologies that can improve home life and agricultural productivity. These
efforts, coupled with targeted loan schemes, encouraged rural users to purchase
electricity at discounted rates. The efficiency gains achieved through electrification
then allowed for income increases and growing demand for electrically powered
products, which in turn lowered the cost of providing electricity to these areas. This
two-pronged approach toward supply and demand in rural electrification proved
vital for long-term success. Access alone has not proven to be effective in any of the
five case studies.
In the United States, as urban electricity access grew, and the virtuous cycle of industrialization and urbanization was set in motion, the government recognized a deficit
in rural areas. President Franklin Roosevelt’s Tennessee Valley Authority (TVA) approached its rural target by acquiring preexisting generation facilities and infrastructure, and then building its own. Simultaneously, the TVA worked to educate farmers
and other rural residents about the benefits of electricity and how to manage electrical systems. Through careful loan schemes, they also made it affordable for consumers to purchase electricity. After this first crucial step, the TVA teamed up with another
government body — the Rural Electrification Administration (REA) — to ensure the
holistic introduction of electric-powered technologies such as irrigation pumps and
washing machines to improve domestic and agricultural activities. This conscientious
approach to boosting demand from both the supply and demand sides rendered the
program extremely successful.
In pursuit of rural electrification, Mexico also took a holistic approach. Taking advantage of the technical efficiencies of its recently nationalized electricity sector,
the Mexican government decided to tether rural electricity provision to larger initia15

tives around community development. Early subsidies to residential and agricultural
end-users made electricity more affordable, particularly for low-income consumers,
facilitating growth in demand and the uptake of electrical appliances in rural communities. Continued rural outreach, however, was not without its challenges. Accordingly, the government unveiled a new system for rural electrification in the 1970s that
explicitly aligned electrification with rural development. Aggregating all funds designated for social infrastructure development — including, in addition to electrical infrastructure, roads, health clinics, and sewage systems — the government redistributed
resources to each state according to need, and tasked each state with creating a
Planning and Development Committee and a dedicated Rural Electrification Department to decide how the funds would be leveraged for socioeconomic development.
The Thai government’s pursuit of rural electrification is somewhat distinctive, given its
slow rate of urbanization despite high rates of economic growth and development.
Its rural electrification efforts had to be adopted much earlier in the process of electrification than in the US, Brazil or Mexico because of how much more intrinsically
tied to development Thai rural areas were. Through five-year plans, and division of
regional responsibility in different government bodies, the Thai government wisely
began expansion in areas where proximity would ease electricity supply extension,
and in areas where productivity gains would be greatest. As a result, demand spread
automatically as stories of the boons of electrification spread. Moreover, the Thai
government worked extensively to educate rural residents on the benefits, uses, and
maintenance requirements associated with electricity. Thanks to its well-conceived,
carefully executed approach to increasing both supply and demand, Thailand’s rural
electrification campaign enjoyed pronounced success.
Brazil’s path to rural electrification faced more obstacles than some of its counterparts due to its varied geography and dense thickets of jungle. The government
launched three different rural electrification programs, the first two of which failed. To
avoid repeating past mistakes, the Brazilian government then adopted an approach
that differs from the public-dominated rural electrification efforts of other case study
countries. The Brazilian government auctioned out concessions to private players
with the explicit goal of entirely electrifying their awarded service areas. This has
generally meant creative, alternative means such as microgrids and renewable energy systems, but uptake and consumption have also required educative programs
to foster demand.
16
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Finally, China’s difficulties in achieving rural electrification are once again illuminating. As mentioned, China pursued a model of decentralized industrialization in the
last two decades of the 20th century, deploying hydropower microgrids in many
rural areas. These reforms successfully increased generation capacity and rural incomes so that rural electricity consumption rose substantially. Nonetheless, by 1990,
despite the fact that the vast majority of China’s population lived in non-urban areas, rural populations consumed only around 30 percent of all electricity. Lack of
programs directed at boosting demand and lack of grid-connectivity were heavy
contributors to this disparity. During the 2000s, however, the Chinese government
successfully implemented many more programs concentrating on rural development,
rural–urban integration, and electricity reliability — and it continues to pursue rural
electrification today.

Implications for Addressing Energy Poverty
To repeat, our fundamental conclusion is that the achievement of universal electrification is consistently and inextricably bound to modernization and economic development — inseparable from industrialization, urbanization, and agricultural modernization.
This finding has a number of implications for efforts to address energy poverty. First,
government policies to comprehensively fund, regulate, and coordinate electrification cannot be readily replaced with piecemeal, private alternatives. Second, efforts
should seek to increase consumption of electricity, not just access, and the emphasis
should be put on promoting income-generating and productivity-enhancing electricity consumption — since it is this kind of electricity consumption that both improves
quality of life and contributes to the virtuous cycle of socioeconomic development.
Further, to the extent that new electrification solutions have become available — smallscale solar panels and batteries, mini- and microgrids, pay-go and other innovative
business models, and the like — they must be compatible with, not an alternative to,
the conventional path to universal electrification. And finally, because signs point
to a future that is increasingly urban and post-agrarian, technologies, policies, and
pathways that do not scale with these eventualities should not be considered viable.
Finally, our findings entail that we should regard with skepticism calls for “alternative
pathways” and “leapfrogging” in the energy systems of developing countries, pro17

posals that are tantamount to the notion that meaningful universal electrification can
be realistically achieved without the virtuous cycle of modernization and its self-reinforcing momentum. While it may be possible to bypass high-pollution and high-carbon energy in some cases, the fundamentals of modernization, by every indication,
cannot be bypassed. Instead, the goal should be to support developing countries
in progressing — as rapidly as possible, while minimizing environmental impact —
along the “road more traveled.”

Power lines in Pipincatla, a small town in the mountains of Guerrero, Mexico
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The United States hosted a number of technological and regulative innovations that
are fundamental to modern electricity provision. This technological innovation was
driven by private enterprises, which developed the direct and alternating current
systems and the rotary DC-AC converter. The importance of these technologies is rivaled by the regulative systems that were developed to control electricity prices and
ensure efficient transmission and distribution, giving rise to the universal supply-system grid integration and modern utility.
Together, these two streams of innovation enabled the electrification of factories and
transportation, which drove the rapid expansion of American manufacturing and
massive urbanization. The shift from mechanical to electric power in the first three
decades of the 20th century helped triple the productivity of American factories and
increase national real wages. The combination of rising wages and falling electricity
rates brought residential electrification within reach for a growing number of households in American cities, which in turn increased demand for factory-made electrical
appliances such as the washing machine, refrigerator, and electric heater, making
the home a core site of utility profitability.
As this virtuous cycle of industrialization, urbanization, and electrification progressed,
the government recognized a deficit in rural areas. To rectify this, President Franklin
Roosevelt’s Tennessee Valley Authority (TVA) took a diversified approach that sought
to boost both supply and demand. It acquired preexisting generation facilities and
built more; educated farmers and other rural residents about the benefits of electricity
and how to manage electrical systems; and targeted both agricultural and domestic
uses of electricity, including irrigation pumps and home washing machines. This diversified approach rendered the program extremely successful.

Growth in Privately Funded Innovation (~1880–1900)
With the illumination of twelve arc lamps in Cleveland’s Monumental Park in 1879
— the harbinger of electric street lighting in the United States — electricity’s power
to transform American society was clear. However, high up-front costs and a limited
number of end-uses meant that it would be several decades before electricity could
fulfill its transformative potential.
In these early years, electricity spread throughout American cities in highly decen20
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tralized fashion. Thomas Edison’s Pearl Street Station in New York City, the world’s
first commercial central power station, famously provided indoor lighting to wealthy
patrons (including the New York Times) as early as 1882. But even Edison’s business
and revolutionary incandescent bulb — safer, more efficient, and more flexible than
arc lights for outdoor lighting — overwhelmingly served public and commercial customers early on. Whether it was store owners looking to attract shoppers to newly lit
window displays or factory owners keen on extending the workday and improving
productivity, electricity was most consistently used for one purpose: light.
A key innovation arrived within a decade, when Frank Sprague — an American
inventor and former employee of Edison’s — developed a more efficient “direct current” (DC) motor that would extend the reach of electrical power. By 1888, Sprague
had adapted his engine to provide traction power for electrified streetcars, a prospect met with almost immediate and universal demand. By the end of 1893, 60
percent of American street-railway track was powered by electricity (as opposed to
steam engines or horses); by 1903, fully 98 percent was electrified, revolutionizing
urban transportation and mobility in the process.1
It was not only enthusiasm for electrified public transport that drove this growth; the
electrification of traction loads (i.e., transportation) also provided a new business
opportunity for nascent electric utilities like Edison’s. Because public transportation’s
demand for electricity peaked in the morning and afternoon, it nicely complemented
demand for public lighting that peaked in the evening, thus providing a newfound
consistency in power demand that enabled utility companies to make more efficient,
and thus more profitable, use of their generation infrastructure.
The electrification of traction loads also contributed to the gradual electrification of
factories, for which electricity presented several economic benefits. Using electrically driven motors, enterprises could realize large economies of scale by consolidating
production into large central factories, thereby vastly improving productivity.2,3
The electrification of factories, however, was constrained by several factors: the high
costs of installing new electric drive systems, a paucity of qualified electrical engineers, the lagging state of the US economy in the mid-1890s, and decades of industry reliance on mechanical power. Even so, though only 5 percent of factory power
was electric by the turn of the century, factories were responsible for over half of total
21

electrical consumption at that time, representing a huge potential market opportunity
for emerging utilities.3
While factories and traction companies provided emerging utilities with a rich vein
of profitability and potential customers for emerging utilities, they also became unexpected competitors. Believing their demand consistent enough to justify seeking
franchises from municipal governments, several transportation and traction companies began constructing their own DC generation facilities to serve their trolley and
interurban lines.

The Edison Machine Works factory in Manhattan, 1881, produced motors and other components for Edison’s lighting system
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Thus, as a new century dawned, the power generation cityscape consisted of a
series of mostly DC distributed microgrids architected and tailored for specific and
unconnected end-uses: lighting factories serving street, commercial, and a smattering of residential lighting needs; factories and transport companies utilizing their own
generation facilities to serve on-site loads; and emergent electric utilities that were
able to aggregate small portions of demand from the lighting, transport, and industrial sectors.
The distributed and disconnected nature of this system owed much to the technical
constraints inherent in the use of DC power. While DC power worked reasonably
well to power single end-uses in relatively close proximity to the source of power
generation — and drove early electrical expansion for that reason — it presented a
range of challenges to utilities’ efforts to aggregate different end-users, which would
be necessary to use their generation capacity most efficiently and, importantly, to
drive costs down for customers.
The alternating current (AC) system pioneered by George Westinghouse, a prominent entrepreneur, factory owner, and major competitor of Edison’s, yielded important advantages over the DC system. It was able to transmit electricity with fewer
losses and could derive significantly more power from a single generator than was
possible with a DC generator of comparable size, providing generation facilities
with far greater geographic flexibility and reach. However, the technical differences
of AC and DC systems made them incompatible, stymieing attempts to integrate the
various microgrid systems for some time.
The incompatibility of the AC and DC systems set the stage for another transformative innovation. The introduction of the rotary convertor in 1888, a device capable
of coupling DC and AC generators and motors by converting one form of current
to the other, provided a unique opportunity for prescient utility managers to join the
myriad microgrid systems into a more complementary and integrated urban electricity system. Most notably, Samuel Insull of the Chicago Edison Company (which
became Commonwealth Edison in 1907) saw in the rotary converter more than the
potential for system coupling — he saw a device that would enable the vast growth
of the utility industry.
In introducing the rotary converter into the Chicago Edison network, Insull and his
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team of engineers were able to unite the various AC and DC generators operating
throughout Chicago by subsuming smaller and less efficient generation stations and
turning them into transformer substations. Capable of converting the AC-generated
electricity produced by centralized generating plants into either DC or AC outputs,
these substations ushered in a new paradigm of universal, hierarchical electrical supply that would allow utilities to serve a host of new end-use customers dispersed
throughout the city.

While factories and traction companies provided
emerging utilities with a rich vein of profitability and
potential customers for emerging utilities, they also
became unexpected competitors.
This universal supply system evolved in Chicago by the logic of a positive feedback loop: its large generation capacity enabled it to serve more customers, which
brought in greater revenues used to construct yet larger generating stations capable
of reaching yet more customers. Critically, this aggregation of demand and economies of scale (combined with aggressive differential pricing strategies) ultimately
enabled Insull to persuade large industrial customers to abandon their generating
plants and purchase electricity from Commonwealth Edison instead. It was this triumph of the universal supply system that demonstrated decisively the ascension of
the centralized grid model over the distributed and decentralized power systems that
had characterized the dawn of the electrical era.2,3

The Rise of the Modern Utility (~1900–1920)
The decentralized power systems of the 19th century left behind a further obstacle
to the consolidation and centralization of power generation: the decentralized legal
and regulatory governance regimes that had accompanied them. In order to construct electrical infrastructure along roads and on public property, utilities and other
power providers had to purchase franchises or special permits, typically in the form
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of contracts, from municipal governments. Although municipal governments lacked
the capability to regulate prices — this power remained within the remit of state legislature — they were nonetheless able to impose obligations for service provision on
prospective power providers in this way, a capacity they leveraged when the electricity market showed signs of monopolization.
Indeed, as large companies like Chicago Edison began consolidating the power
provider market by merging with smaller competitors and using their newfound hegemonic market power to raise prices, municipal governments frequently responded
by issuing multiple and at times duplicative franchises for individual service areas to
create competition and reduce rates for consumers.4-6
While this practice succeeded in drawing down prices in some cases, it also turned
city streets into labyrinthine collections of poles and wires. Furthermore, as competition among smaller, poorly capitalized providers increased, it became more difficult
for them to reduce costs and prices through economies of scale, thereby slowing
expansion.3,4
Hence, as the nascent utility industry grew, demands to further regulate the sector
grew as well. State legislatures around the country began to confer to municipal
governments the right to regulate prices. Municipal governments also challenged
the hegemony of centralized utilities by purchasing generation facilities from smaller
power providers.
Such efforts to regulate utilities at the municipal level, despite its benefits for consumers, had the unintended effect of creating a patchwork of power provision and
regulatory authority, which proved a major drag on the consolidation and extension
of centralized grid electricity. This situation called for the transfer of regulatory powers from municipal back to state governments. When the municipal bond market
collapsed in 1907, leaving municipalities unable to finance their power generation
purchases, so did the last defense against the growing movement in favor of state
regulation. That same year, Wisconsin and New York passed laws creating state
commissions to oversee the regulation of the electric utility industry. The Wisconsin
legislation, viewed as the archetype for state regulation, granted the state commission powers to fix rates and regulate capacity additions. By 1914, a total of 27 states
had adopted the Wisconsin model of state regulation.5
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State regulation yielded two clear benefits to the electric utility industry. First, the
presence of public regulation promoted the public service role played by the private
industry, a theme pushed by Samuel Insull as early as 1898. Second, in transferring regulatory power to technocratic authorities at the state level, it allowed large,
well-capitalized utilities to integrate and systematize their operations across multiple cities and regions, further facilitating the consolidation and centralization of the
grid.2,7

As the nascent utility industry grew, demands to further regulate the sector grew as well.
In this way, the emergence of state regulation paved the way for the rapid expansion
of electric utilities using the AC centralized grid system. Ultimately, it also ensured
safer and more organized electricity systems and fairer prices for consumers. Large,
publicly regulated monopoly utilities were able to make extremely efficient use of
their generation capacity, resulting in significant reductions in the price of electricity
across all customer classes and, eventually, extension of service to new sectors of the
economy and regions of the country.

A Virtuous Cycle of Urbanization, Industrialization, and
Growth (~1915–1930)
Despite the rapid growth of the electric power sector in the decades following the
inauguration of Edison’s Pearl Street Station, electricity remained almost entirely out
of reach for most Americans, as utilities could not yet justify the capital expenditures
required to extend distribution lines to urban and suburban homes. Even by 1910,
only 10 percent of American houses were wired for electricity, the majority of which
belonged to wealthy citizens living in sprawling estates (such as early Edison funder
J.P. Morgan), where electricity was used almost exclusively for ornamental purposes.
As the electrical landscape evolved with the advent of comprehensive, centralized
grid systems, however, the economics of residential electrification began to change.
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The aggregation of industrial and traction loads into a centralized grid shifted peak
system-wide demand to daytime hours, resulting in a dearth of demand in the early
morning and evening. Extending service to the residential sector, utilities realized,
would fill in the troughs of demand before and after the workday, when electricity
would be used for indoor lighting in homes.3
Utilities’ centralized grids also offered key technical and economic advantages that
enabled them to reach residential users. Having previously connected municipal and
industrial end-users, much of the distribution infrastructure necessary to reach these
new consumers was already in place. And by tapping into this market, utilities were
able to realize even greater efficiencies that further expanded the accessibility and
affordability of power. Between 1907 and 1927, the real price of electricity fell 55
percent.2,3,8,9
These declining costs, combined with the electrification of factories and traction loads,
drove the rapid expansion of American manufacturing and American cities, catalyzing a virtuous cycle of urbanization, industrialization, rising wages, and increased
electricity consumption. Electrification freed factories from the need to locate near
sources of mechanical power (most often bodies of water), allowing them to move
closer to ports and labor centers. The electrification of traction loads, meanwhile,
and the resulting extension of efficient public transportation networks in and between
cities allowed larger populations to live in close proximity to America’s urban centers. Between the dawn of the age of electricity in 1880 and 1930, America’s urban
population doubled its share of the nation’s total population, from 28 to 56 percent.
In absolute terms, it quintupled, from roughly 14 million in 1880 to almost 70 million
in 1930.10
The shift from mechanical to electric power in the first three decades of the 20th century coincided with a more-than-200 percent increase in the productivity of American factories. Alongside the rise in productivity came a 52 percent rise in national real wages over the same period, as more workers shifted to factory work and
earned higher incomes. The combination of rising wages and falling electricity rates
brought residential electrification within reach for a growing number of households
in American cities — indeed, one million homes were wired for electricity access
in 1921 alone — which in turn increased demand for factory-made and -marketed
electrical appliances.3,7
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The mass production and distribution of such new appliances as the washing machine, refrigerator, and electric heater in the early 1920s in turn enabled distinct new
domestic end-uses for electricity that solidified the home as a new locus of utility
profitability. By 1924, the number of annual residential wirings stood at two million,
and in 1928, the residential sector accounted for $555 million in utility revenues.3
On the eve of the stock market collapse of 1929, virtually all of urban America had
access to electricity. Rural America, on the other hand, lagged far behind at less than
10 percent, all but guaranteeing their exclusion from the opulence of the Roaring
Twenties.3,11

Public Push for Rural Electrification (~1930–1960)
By 1930, those select few farms with electricity access had usually received it from
interurban railway lines selling power as they passed between urban train stations.
In a few instances, utilities themselves had extended electricity to rural areas, either
as a co-benefit of large hydropower development in the West, or in select regions
of the Northeast where relatively high density and proximity to urban centers made
grid extension economically viable. On the whole, though, private utilities found rural
consumption far too low to justify the construction of electrical infrastructure. “Electrified agriculture has no place on the farms,” concluded a utility committee in 1913.3,10
Where private utilities steered clear of rural electrification, some farming communities
opted to install their own generating systems. Often wind-, water-, or gasoline-powered, these systems were expensive and sustained only discrete and small amounts
of current, greatly constraining the extent of productive end-uses farms could procure
from them.3
It was in the context of such urban–rural disparity, rendered even starker in the early
years of the Great Depression, that President Franklin Roosevelt initiated concerted
efforts to electrify rural America following his election in 1933. These public initiatives
would take two primary directions over the course of the New Deal: the first a centralized endeavor to address endemic rural poverty in the Tennessee Valley, and the
second a more decentralized attempt to extend rural electrification more broadly.
Encompassing 163 counties and about two million people along the drainage basin of the Tennessee River, the Tennessee Valley was characterized by low median
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incomes, challenging hydrology, extreme flooding, and lower rates of literacy, urbanization, and electrification than the rest of the country. With 61 percent of its
workforce in the agricultural sector (compared with a nationwide average of 45
percent), the region was heavily dependent on agriculture and lacked a strong local
manufacturing base.12,13

Between the dawn of the age of electricity in 1880
and 1930, America’s urban population doubled its
share of the nation’s total population, from 28 to 56
percent.
Within months of Roosevelt’s inauguration, Congress passed the Tennessee Valley
Authority Act, which created the TVA and inaugurated the TVA Board to oversee
an ambitious, multifaceted development plan that centered on the construction of
large hydroelectric dams, intended to improve flood control, aid afforestation, and
generate electricity. Overall, the TVA sought to promote development in the region,
by improving agricultural productivity through irrigation and the production of cheap
fertilizer, and driving industrialization, by supplying the Tennessee Valley with large
amounts of cheap electricity to attract manufacturing and industrial operations.
Specifically, electricity produced by the TVA’s dams was sold preferentially to locally
owned and operated cooperatives and to local and state governments. The TVA
Board was also authorized to construct transmission system infrastructure, or in some
cases, to purchase existing infrastructure from private utilities, in order to reach rural
farmers and residents.3,14
True to form, this extension of cheap electricity drove rapid industrialization in the Tennessee Valley. Between 1940 and 1960, the region’s employment in manufacturing
rose 11 percent relative to the rest of the United States. These gains in manufacturing
employment and labor productivity further stimulated an increase in median family
incomes and contributed to local spillover effects, from the rise of complementary
industries to the falling price of goods and services.12
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The TVA also succeeded in dramatically transforming the region’s agricultural economy. Cheap phosphate- and nitrogen-based fertilizers introduced alongside educational programs helped farmers increase yields, driving higher on-farm incomes for
some while enabling many others to pursue more lucrative and newly available jobs
in manufacturing and industry.12,15
Whereas the TVA represented a highly centralized governmental intervention that
utilized rural electrification as but one facet of a much broader regional development regime, the second New Deal initiative targeting rural electrification saw the
creation of a far more decentralized agency, the Rural Electrification Administration
(REA), that focused exclusively on the potential of electrification to transform rural life,
boost agricultural productivity, raise rural family incomes, and eventually foster the
development of a robust rural agricultural economy. Originally developed in 1935
as an unemployment relief agency, the REA was converted into a loaning agency in
1936, with the primary function of extending capital to rural cooperatives in an effort
to encourage the construction of electrical infrastructure.3,11

Fort Loudoun Hydroelectric Dam, Knoxville, Tennessee, 1942, constructed by the Tennessee Valley Authority, 144 MW capacity (Library of Congress)
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In its first two years of operation, the REA expanded electricity access to more than
300,000 rural farms throughout the country, a success it achieved by leveraging the
capacity of rural cooperatives to mobilize demand in different rural communities. By
providing engineering expertise and long-term, low-interest loans on the condition
that cooperatives would construct their own transmission lines and operate local
electricity systems themselves, the REA ensured that these same cooperatives would
find a way to boost rural consumer demand in order to remain solvent and pay off
their loans.3,11
To cultivate such demand, producers would need to put out appliances that were
ready-made for use in communities characterized by low incomes and little, if any,
prior exposure to electricity. Accordingly, the Roosevelt administration created a federally owned retail sales finance company in 1934, the Electric Home and Farm
Authority (EHFA), to bolster the purchase of rural-ready appliances. Expanded to
operate in conjunction with the REA in 1935, the EHFA collaborated with utilities and
appliance dealers to reduce the cost of appliances and electricity for rural customers through financial support in the form of small down payments with long maturities. This strategy dramatically increased rural electricity consumption and appliance
ownership, such that the average REA customer spent $180 on appliances in the first
eight months of access to REA and EHFA credit lines.3,11,16
Despite the significant surge in household electricity and electrical appliance use,
rural electricity consumption remained too low to support the cooperatives over the
long term. To remain solvent and fulfill the conditions of their REA loans, local cooperatives needed to sell more electricity — but in order to afford to consume more
electricity, rural farmers needed the means to generate higher incomes.
As a result, the REA collaborated with electric appliance manufacturers to push appliances that would raise farming productivity, thereby boosting rural incomes anfostering the conditions for increased electricity consumption and economic development. Rural farmers purchased these appliances using REA credit lines, consumed
larger amounts of electricity to utilize them, and ultimately reaped financial benefits
from higher yields and increased production.
The success that resulted from this strategy lay in the manifold ways that electrical
appliances could be used to increase agricultural productivity and quality of life.
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Water pumps provided water for livestock more efficiently, electric lights increased
the flexibility of farmers’ schedules, electric motors powered grist mills much faster
than did manpower, electric washing machines relieved the time-consuming drudgery of hauling water, electric refrigeration extended the longevity of food stocks, and
indoor plumbing greatly improved sanitation and rural public health.
Ultimately, this effort to wield the power of the public sector through decentralized,
rural-focused programs proved incredibly effective in expanding the reach of electricity and stimulating its consumption. Indeed, two years after the REA’s inauguration,
demand for electricity among rural communities climbed so high that the REA’s budget had to increase dramatically to keep pace. By 1941, cooperatives had added
900,000 customers and electrified 12,000 rural schools.3 From a starting point of
10 percent in 1930, rural electricity access would triple by 1940. Twenty years later,
rural connection reached 96 percent, a nine-fold increase in only three decades that
signaled the achievement of nearly universal access and an irrevocable transformation of life in the United States.10,11
By 1960, the country had emerged in the postwar world as a modern economic
powerhouse on a new course of development and prosperity. Electricity, in the process, had indeed become “a modern necessity of life,” as Roosevelt had avowed
back in 1938 — one that “ought to be found in every village, every home, and every
farm in every part of the United States.”3
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MEXICO:
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Like the United States, Mexico’s history illustrates the inherent inseparability of electrification and broad socioeconomic development. Another notable commonality,
shared by all case study countries except China, is that Mexico’s path to universal
electrification began with an influx of foreign capital that laid the groundwork for
the growth of its electricity and industrial sectors. Predictably, such development was
initially concentrated in those regions where investments could be most easily recouped: in the country’s largest cities and in areas where mining and industry were
consolidated. With wider political changes, however, came increased governmental investment in, and eventual nationalization of, the power sector.
Mexico’s progressive nationalization of the power sector occurred in the context
of comprehensive policies designed to spur industrial growth. As a result of these
policies, Mexico saw rapid industrialization, urbanization, and population growth
in the middle of the century. It was in this context of broad socioeconomic development that the state turned its attention to the electrification of its rural populations.
The state pursued rural electrification by tethering it to larger initiatives around social
justice and community development. Early subsidies to residential and agricultural
end-users made electricity more affordable, particularly for low-income consumers,
facilitating growth in demand and the uptake of electrical appliances in rural communities.

Early Dominance of Foreign Firms (~1880–1940)
The year 1879 marked the arrival of Mexico’s first power plant, a coal-fired facility
servicing a local textile factory in Guanajuato. Ten years later, its first hydroelectric
plant came online in connection with a mining operation in Chihuahua. Much like in
the United States and Brazil, the remainder of the 19th century saw the rise of small,
domestic electric companies in Mexico that powered local industry, traction loads,
and some instances of public and private lighting.1,2 These small domestic companies
were supported by low-cost, high-return government concessions, the first of which
was awarded to a privately held company in Mexico City in 1881, and soon all
electricity-related services wound up in the hands of domestic, vertically integrated
private companies clustered in central Mexico. Meanwhile, the country’s population
remained largely rural and its economy based in subsistence agriculture.3
As the country’s demographic development and increasing demand for electricity
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progressed, however, the government’s loosely regulated concessions began to attract foreign investment as well, further driving the expansion of the power sector and
Mexico’s urban and industrial growth.1,2,3 The Canadian-based firm Light (operating
as Mexican Light and Power, or MLP) and the American and Foreign Power Company (Amforp) soon came to dominate the sector. From 1920 to 1938, these firms,
along with the Electrical Company of Chapala operating out of Guadalajara, consolidated the market for electricity provision through acquisitions and mergers.2,4 As
a result, electricity access climbed from 30 percent in 1910 to 38 percent by 1938.1
This arrangement, so heavily dependent on foreign investment, had a number of
adverse impacts. For one, it led to electricity rate increases in municipalities where
regulation was weak and rate reductions in industrial hubs like Mexico City, contributing to chronic underinvestment in capacity additions and unreliable service for
end-users across the board. The foreign companies at the helm of Mexico’s power
sector also failed to integrate their service networks, leaving the full economic gains
of interconnection and scale on the table.1 Finally, because private investors faced
little to no contractual obligations to engage in costly and often-unprofitable activities such as rural electrification, foreign capital that flowed into Mexico in the first two
decades of the 20th century focused almost exclusively on electrifying urban areas
in and around Mexico City, leaving vast swaths of rural Mexico without access.1,5 By
1937, 67 percent of Mexico’s population lived in the countryside, and 62 percent of
Mexicans lacked access to power.4

State Intervention and Consolidation of the Power Sector (~1920–1960)
The federal government’s intervention in the electricity sector began, somewhat tentatively, in the 1920s. In the early part of the decade, the government created the
National Commission of Motive Power to mitigate monopolistic behavior and ensure fairer tariff structures for customers (while still encouraging private investment). It
then went on to pass the National Electric Code in 1926, a landmark piece of legislation that established electricity as a public good and granted Congress legislative
authority over the power sector.1,2,5
Initially, these efforts did little to diminish the dominance of foreign-owned firms in
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Mexico, or to improve the country’s rural electrification rates, which hovered at little
more than 10 percent throughout the remainder of the decade.1,4 Sweeping political
changes in the 1930s soon transformed the power sector, however, and the state’s
role within it. In the hands of the Institutional Party of the Revolution (PRI), which would
govern Mexico for the remainder of the century, the government set out on a new
course defined by public investment and agrarian reform and agricultural modernization. From 1934 to 1952, the government undertook large-scale irrigation projects in the country’s rural northwest region that contributed to a near doubling of the
portion of state funds spent on agricultural development and public works.3,6 These
years also saw the development of a close partnership between the government
and organized labor — the mining and electricity unions in particular — that would
eventually pave the way for the nationalization of the power sector.1,2,7

By 1970, the majority of the country’s population had
gained access to electricity, an achievement spurred
on by the rapid gains in industrialization, urbanization, and economic development.
In 1934, the government formed the Federal Power Commission (CFE) and charged
it with two mandates: to serve as a liaison between the federal government and
private companies operating in the electricity sector, and to provide power to areas
viewed as uneconomic or unprofitable by those same companies, primarily in rural
regions still almost entirely without access. By the late 1930s, the government had
also succeeded in lowering electricity rates in urban areas previously subjected to
unreasonable rates by foreign-owned providers. These firms responded to enhanced
public presence in the sector by reducing investment in new generation capacity.1,2
This reduction in foreign investment set the stage for a “rolling” nationalization of the
electricity sector, in which the government authorized the CFE to purchase extant generation, transmission, and distribution infrastructure from foreign firms at depressed
prices, and to build new infrastructure, including large-scale hydroelectric plants, to
increase supply and access.1,7 Over the next few decades, the CFE acquired hun36
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dreds of regional electrical monopolies and incorporated them into one universal
system — a massive consolidation that allowed CFE to set common technological
standards and capitalize on growing economies of scale.1,2,4 From 1939 to 1950,
federal coffers provided 82 percent of total investment in Mexico’s electricity sector.2
These public funds directly translated into a growth in installed electric capacity, from
680 megawatts (MW) in 1940 to 3,021 MW by 1960, at which point the country’s
rate of electrification stood at about 45 percent.1,7

Women making cigarettes in the El Buen Tono factory in Mexico City (Diplomat Magazine)

The Mexican Miracle: Industrialization, Urbanization,
and Nationalization (~1940–1970)
Concurrently, from 1940 to 1970 — a period referred to as the “Mexican Miracle”
— the country underwent a remarkable economic and demographic transformation.
Population growth rates averaged 3 percent per annum, GDP per capita grew at an
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annual rate of 3 percent, manufacturing’s share of economic output increased from
16 to 23 percent, and the economy generally favored industrial and service sector activity over agriculture.8,9 By 1970, the majority of the country’s population had
gained access to electricity, an achievement spurred on by the rapid gains in industrialization, urbanization, and economic development secured during these years.1
The principal mechanism used to drive this industrialization was import substitution
industrialization (ISI).3,6 Widely regarded as a path to modernized, urbanized, and
industrialized society, ISI was employed to diversify the Mexican economy away
from its reliance on agricultural exports, and toward the creation of robust domestic
industrial and manufacturing sectors to ensure that employment kept pace with rapid
population growth, particularly in urban areas like Mexico City.9-11 From the 1940s
through the 1960s, the federal government spent large sums on infrastructure development to support industrialization, including modernized transport and electric
power generation.2,11 The state also put in place protectionist policies to promote the
creation of new domestic industries, solidifying the restructuring of Mexico’s labor
force and economy.6,9

This remarkable urbanization was owed to both
growing industrialization as well as the modernization of agriculture.
The rates of urban growth over these three decades well illustrate the magnitude of
Mexico’s demographic transition. Between 1940 and 1970, Mexico’s urban population increased from 3.9 million to 22 million, with the percentage of urban residents
increasing from 20 to 59 percent of the country’s total population. Today, nearly 80
percent of Mexicans live in urban areas.3,8,10
This remarkable urbanization was owed to both growing industrialization as well
as the modernization of agriculture. As a result of 1930s land reform policies and
public investment in agricultural development, for instance, agricultural productivity
had risen but had also left many in the countryside with diminished opportunity and
employment, leading millions to migrate to urban areas in search of employment in
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the growing industrial and service sectors.3
It was in the context of this rapid industrialization, urbanization, and agricultural modernization that the government nationalized the electricity sector in 1960, having
acquired a majority share of the two primary foreign-based providers still operating
in the sector, and formed a state-owned enterprise — Luz y Fuerza del Centro (LFC)
— to provide service to Mexico’s central states earlier that year. Nationalization
and import substitution were both understood as tools of economic development in
this era, used to sponsor rapid and widely shared growth.1,2,5 And indeed they did:
industry’s share of the economy climbed to a high of 38 percent in 1987, agriculture’s share tumbled throughout the remainder of the century, and electricity access
skyrocketed to 95 percent by 2000, driven most notably by the country’s rapid-fire
urbanization in the second half of the 20th century.1,10

Public Push for Rural Electrification (~1950–Present)
Despite its promotion of urbanization during these years, the Mexican government
also recognized the importance of rural electrification for raising rural incomes, agricultural productivity, and overall economic output. With rural access languishing at
13 percent in the 1940s, it became clear that the federal government would need
to carve out a larger and more explicit role in rural electrification.4 Consequently,
nationalization of the sector also accompanied a sustained push for electrification of
the country’s underserved rural regions.
In 1952, the government created the Rural Electrification Program (REP), which
charged the CFE with planning and establishing electrical connections in rural villages and communities. From the outset, state and local community involvement played
a prominent part in CFE’s rural electrification strategy, with state-level Rural Electrification Boards tasked with drafting electrification plans and programs for their
respective territories.4
This initial push met with considerable success: by 1960, 915 rural communities, or a
total of 1.4 million people, had received electricity access. Nonetheless, rural access
still lagged far behind national figures. Residents in regions within the remit of private
firms remained particularly difficult to connect, in part due to differing technical standards used by CFE and those companies.4
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Nationalization of the sector, as a result, proved a boon for rural electrification in
Mexico, facilitating the establishment of universal technical standards for electrical
supply and the centralization of rural electrification under the REP. In the 1960s alone,
around 7.5 million rural Mexicans received access to electricity, boosting rural access to approximately 65 percent by 1970.4
Soon after nationalization, the federal government took a series of measures to further leverage the planning and technical efficiencies that resulted from a centralized
electricity sector. In 1975, the Mexican Congress formalized the role of CFE and LFC
as state-controlled monopolies responsible for ensuring that electricity supply kept
pace with demand, and that electricity prices remained low enough to promote the
international competitiveness of Mexican manufacturing. By 1976, the government
had established a nationwide frequency standard for operating voltages and had
mandated the interconnection of the country’s separate transmission systems.2,5

Throughout this economic turmoil, it was Mexico’s
consistent commitment to rural electrification as a
springboard for development and poverty alleviation, combined with a centralized, nationalized utility
to facilitate the integration of the grid, that oversaw
the steady progress of this political program.

Politically popular and powerful, CFE and LFC oversaw historic increases in installed
electrical capacity throughout the 1970s and 1980s. From a base of roughly 3,000
MW in 1960, installed capacity increased to around 7,500 MW in 1970 before
skyrocketing to nearly 17,000 MW in 1980, an expansion fueled mostly by oil and
hydropower.1
Increasing domestic supply of oil further reinforced the culture of “Mexicanization”
and economic sovereignty that had taken hold during the 1960s and 1970s (al40
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though these protectionist policies would backfire and lead to a severe economic downturn in the late 1970s and 1980s), driving growth in generation capacity alongside electricity demand.6 From 1960 onward, the percentage of oil-fired,
steam-power-generation plants increased from 28 percent of plants in operation
to 43 percent by 1990.2 Buoyed by this growth and the emergence of gas-fired
turbines in the 1990s and 2000s, installed capacity continued to rise dramatically,
reaching 61,000 MW in 2010.1,12

XOCHIMILCO car, DF, Mexico, 1966

In step with growth in capacity, this period witnessed a phenomenal increase in
national and rural access to electricity, particularly as a result of the federal government’s decision to tether electricity provision to larger initiatives around social
justice and community development. Early subsidies to residential and agricultural
end-users made electricity more affordable, particularly for low-income consumers,
facilitating growth in demand and the uptake of electrical appliances in rural communities. By 1990, electricity access in rural areas came in just under 80 percent. 1,4,10
Continued rural outreach, however, was not without its challenges. By 1970, the REP
had experienced considerable success in connecting rural customers living in relatively densely populated and economically productive communities situated near
the existing electrical grid. But reaching the remainder of rural Mexicans without
access would require a sustained focus on social and infrastructural development.4
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Accordingly, the government unveiled a new system for rural electrification in the
1970s that explicitly aligned electrification with rural development. Aggregating all
funds designated for social infrastructure development — including, in addition to
electrical infrastructure, roads, health clinics, and sewage systems — the government
redistributed resources to each state according to need and tasked each with creating a Planning and Development Committee to decide how the funds would be
leveraged for socioeconomic development. The CFE, meanwhile, established Rural
Electrification Departments in each state that worked alongside the Planning and
Development Committees to carry out electrification projects.4
This integrated approach continued throughout the rest of the 20th century, allowing
the government to efficiently target rural electrification programs and funding to reinforce broader development projects and objectives specifically chosen by local
communities. By the end of the century, 512 rural villages and 285 suburban communities — representing roughly 153,000 rural Mexicans — had been electrified as a
result of federal funding provided through the REP.4
These gains are all the more remarkable considering the country’s recurrent financial
crises experienced in these same decades. Throughout this economic turmoil, it was
Mexico’s consistent commitment to rural electrification as a springboard for development and poverty alleviation, combined with a centralized, nationalized utility to
facilitate the integration of the grid, that oversaw the steady progress of this political
program.4 As of 2013, rural access figures stood at 99.8 percent.10
Overall, despite reforms in the 1990s that began to sanction private participation
in the electricity sector, Mexico’s experience represents a remarkably centralized
commitment to electricity provision during an extended period of economic and demographic growth.2 Sustained sectoral expansion, interconnection, and rural electrification required consistent federal investment and involvement in particular. First by
developing the REP early in the modernization process as a means to spur agricultural and economic productivity, and later by collaborating with local communities to
leverage social development funds in service of nation-building and collective development, Mexico’s federal government has played an integral part in the country’s
path to universal electrification over the course of a little more than a century.
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BRAZIL:
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Modern Brazil’s diverse economy, the world’s seventh largest, speaks to the transformative potential of years of industrial policy and centralized development. While
agriculture dominated Brazilian society throughout much of its history, it now accounts for a small fraction of its GDP, and the great majority of the population is
now urban. The growth of Brazil’s electricity sector has enabled — and been driven
by — these dramatic shifts, serving as another useful illustration of the virtuous cycle of
socioeconomic development and electrification.
Though the Brazilian electrification story began with the dominance of foreign firms
pushing initial growth in the electrical sector, that same foreign dominance prompted
nationalist efforts to expand domestic influence, and in the process, contributed to
large-scale growth of the sector — echoing both the United States and Mexico.
Despite the rapid escalation in electricity access that accompanied Brazil’s equally
remarkable urbanization and industrialization, rural electrification has remained a
persistent problem, given the country’s varied and expansive geography and the
difficulties it presents for grid extension. The government has implemented different
strategies for rural electrification with varying degrees of public–private participation, two of which failed, and the last of which continues today with high levels of
success. Brazil found success with an approach that differs from the public-dominated rural electrification efforts of our other case study countries. Instead, the Brazilian
government auctioned out concessions to private players with the explicit goal of
entirely electrifying their awarded service areas. This has generally meant creative,
alternative means such as microgrids and renewable energy systems, but educative
programs were also required to ensure uptake and increase consumption.

Initial Growth from Foreign Firms and Growing Role of
Government in the Electricity Sector (~1900–1960)
Electricity first appeared in Brazil much as it did in the United States: sporadically,
over the last two decades of the 19th century, and mostly for powering early public
lighting systems and a few local industries.1 Aside from a scattering of hydroelectric
dams, almost all of the country’s power came from thermal sources in the hands of
small private firms — usually run by local merchants or landowners — that received
concessions from municipal governments. By the turn of the century, Brazil’s installed
electric capacity stood at a mere 12 megawatts (MW).2,3
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With the arrival of two foreign-based firms at the start of the 20th century, however, the sector saw major expansion and consolidation. In 1899, the Canadian-held
São Paulo Railway, Light and Power Company — known simply as “Light” — quickly
began displacing and absorbing local power providers in São Paulo and Rio de Janeiro. Equally disruptive was the American and Foreign Power Company, or Amforp,
which bought out local firms throughout the 1920s and unified and modernized the
sector in the process. Light and Amforp also oversaw the construction of large power plants that boosted Brazil’s installed capacity to 779 MW by 1930, more than
80 percent of which came from hydroelectric power. By the early 1930s, the two
foreign firms controlled more than half of the nation’s installed capacity, powering
the country’s rapidly growing industrial sector, which at the time made up 17 percent
of Brazil’s economic output (compared with 31 percent from agriculture).2-6 Meanwhile, the population’s overall access to electricity remained negligible.7

It became of paramount importance that electrical
supply be able to meet the increased demand that
came with industrialization and urbanization.

The government’s passage of the Water Code in 1934 brought this foreign dominance to a halt, marking the start of an extended federal effort to regulate the electricity sector and limit overseas involvement. This shift augured a transformation of the
sector but also stunted its growth, as decreased foreign investment soon strained the
sector’s ability to keep pace with the country’s ambitious plans for industrial development and its capacity to meet the needs of an increasingly urban, energy-hungry
population.3,8 Indeed, continued industrialization drove urbanization throughout the
1940s, as the demands of industry during World War II drew rural migrants to urban centers in search of work. From 1940 to 1950, the country’s urban population
climbed from 31 to 36 percent, and its industrial output rose to match its agricultural
output (each contributing 24 percent of Brazil’s GDP). By the end of World War II,
however, Brazil’s installed electric capacity stood at just 1,341 MW — most of which
came from maturing investments made prior to 1930 — while electricity access for
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the population at large remained below 10 percent, signaling the need for further
reform of the sector if electrification, industrialization, and urbanization were to continue apace.6,9
In response to lagging electrification, Brazil’s government emerged on the scene
as a power supplier itself, with the creation of the federally owned São Francisco
Hydroelectric Company (Chesf) in 1945. Established to construct the nation’s first
large-scale power project, Chesf was also responsible for building transmission lines
to the country’s oft-neglected northeast region. Further, the National Electrification
Plan of 1946 called for increased federal investment in the regional interconnection
of municipal- and state-level power grids.3,6
As foreign investment in the power sector continued to decline, the government decided that the most efficient way to meet the country’s growing demand for electricity
would be to divide the roles of public and private entities in the electricity sector:
state-owned enterprises would take responsibility for generation and transmission,
while private companies would handle the bulk of distribution. Beginning in 1952,
the public sector acquired a growing share of Brazil’s generation stock from the
private sector, its portion soaring from 8 percent to 62 percent over just 13 years.3,6

The Brazilian Miracle: Public Push for Industrialization
and Growth (~1960–1980)
The 1960s and ’70s witnessed a period of rapid growth and modernization referred to as the “economic miracle,” achieved through a committed pursuit of the import substitution industrialization (ISI) model of development, advanced by the day’s
leading economists, which encouraged federal and state investment and participation in the power sector.10 (Recall that Mexico’s pursuit of ISI was also responsible
for its own period of rapid economic transformation.) Over the next half century, ISI
policy would transform Brazil’s economy from a monolithic dependence on agricultural exports to a diversified industrial economy with a strong domestic presence in
the form of state-owned enterprises — particularly in the steel, telecommunications,
and power sectors — all financed through generous loans from the National Bank
for Economic Development (BNDE).11
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The growth of Brazil’s industrial sector during this period benefited initially from earlier “national developmentalist” policies implemented in the mid-1950s that set out
to achieve “fifty years’ progress in five” — in part by expanding the manufacturing
sector into more energy-intensive areas, with a particular focus on the automobile
industry and large-scale infrastructure.12 Consequently, from 1950 to 1990, the share
of Brazil’s population working in the industrial sector rose from 25 to 42 percent.11
Agriculture’s share of GDP, meanwhile, declined from 25 to 12 percent from 1950
to 1990.11 However, the federal government also took further steps to diversify and
mechanize its agricultural sector, introducing newly arrived mechanical and chemical “Green Revolution” technologies.5,9 Although these investments in agricultural
technology, practices, and infrastructure took decades to show up in Brazil’s export
balance sheets, they played a pivotal part in the sector’s, and the country’s, modernization. Moreover, the focus on increasing agricultural productivity had knock-on
effects in other economic sectors, notably industry, which greatly benefited from increased demand for machinery.9

Economic growth during the “miracle” years required
dramatic increases in Brazil’s installed electricity
capacity.
Brazil’s industrialization and agricultural modernization fueled rapid population
growth and urbanization. From 1960 to 1980, 31 million Brazilians migrated from
rural to urban areas in search of higher wages and quality of life.9,13,14 In the process,
Brazil was transformed from a primarily agrarian nation, with 53 percent of its population living in rural areas, to a majority urban nation, with 66 percent living in cities.15
As these trends progressed, it became of paramount importance that electrical supply
be able to meet the increased demand that came with industrialization and urbanization. To this end, the country’s massive hydrological potential made large-scale
hydroelectric facilities both desirable and feasible — as evinced by the construction
of the 14-gigawatt (GW) Itaipu hydroelectric power plant, the world’s largest dam
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at the time and a bold emblem of the large-scale infrastructure projects, national
development, and optimism that characterized these years.16,17
The considerable economies of scale that developed from such large power plants,
critically, also led to the integration of a centralized electricity grid across the country’s extensive geography, as well as a broad-based expansion of electricity supply.3
To maximize the efficiency of power distribution, the government established a centralized dispatch system in 1962 with the formation of Eletrobrás, a federally owned
holding company that subsumed Brazil’s growing generation capacity and transmission infrastructure under its umbrella. By the late 1970s, Brazil’s electricity sector, from
generation and transmission to distribution, was effectively dominated by the state.3,16
Installed electricity capacity, meanwhile, grew from a starting point of 5,525 MW
in 1963 to 39,897 MW by 1985.4 Electricity access, similarly, climbed from roughly
30 to around 45 percent of Brazil’s total population from 1970 to 1980.

The Lost Decade: A Failure of Centralized Planning
(~1980–1990)
Economic growth during the “miracle” years required dramatic increases in Brazil’s
installed electricity capacity, which, unsurprisingly, led to a planning model that prioritized larger plants over smaller projects. As state-owned enterprises, however,
utilities were often shielded from the need to base their investments on financing
considerations. Consequently, ever-larger power projects were constructed with little attention to investment structuring for capacity additions or operating and maintenance costs.16
These and other inefficiencies ushered in a period of economic downturn in Brazil.
Contractions in GDP and gross industrial product squeezed businesses and led to
a rise in the number of unemployed and underemployed Brazilians living in heavily
populated urban areas. Inflation reached a record high of 224 percent in 1984,
and foreign debt obligations ballooned to $91 billion.5,10,12 These emerging fiscal
challenges in turn paralyzed Brazil’s electricity sector. Investments measured as a
portion of funding expenditures dropped from 75 percent in 1975 to 40 percent in
1985 before plummeting to 25 percent in 1989.16
The 1980s also registered a slowdown in Brazil’s breakneck urban growth rate. Al48
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though over 75 percent of the country lived in urban areas by 1991, large numbers of
the urban poor began migrating into suburban settlements in city outskirts characterized by dilapidated infrastructure, low median incomes, and high rates of crime.14 By
the end of what was dubbed “The Lost Decade,” it seemed as though much of Brazil
was stagnating or in precipitous decline.9 Nonetheless, as a result of its massive urban population, increasingly connected to centralized, grid-based power, electricity
access continued apace during these years, rising to over 85 percent by 1990, and
to 94.5 percent by the turn of the century.18
Rural access, however, lagged far behind, reaching only 71 percent by 2000 — the
result being a lack of compelling economic incentive to electrify agrarian, often-remote areas of the country, where prospects for power consumption remained low
and up-front investment costs prohibitively high.19

Attempts at Privatization with State Regulation
(~1990–2010)
In an effort to begin reducing its massive public-sector debt and driving much-needed
investment in public infrastructure, Brazil first focused on privatizing the various stateowned enterprises and industries populating its landscape, a strategy that could not
have arisen at a more desperate time. Estimates issued in 1995 placed the yearly investment figure for public infrastructure needs between roughly $14 and $18 billion,
a target that dwarfed the country’s actual infrastructure spending of around $7 billion
at the time.3 Between 1991 and 2002, 119 state-owned companies were auctioned
off, bringing a total of $85 billion into national coffers.12
Few sectors were as in need of revamping as the electrical sector. Investments had
declined from a high of $15.4 billion in 1987 to $8.8 billion in 1991, falling even
further into the mid-1990s.16 Electricity rates, a primary source of revenue for utility
companies, had also seen a steady reduction, representing by 1991 less than half of
what they had at their highest points in the mid-1970s.3
Privatization of the electricity sector officially began with the sale of Escelsa, a subsidiary of Eletrobrás, on July 11, 1995, as part of a larger reform aimed at shifting the
sector toward a competitive market.3,6 By introducing competition, the government
hoped to simultaneously resolve investment shortfalls and reduce the heavy reliance
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on state resources that had plagued the sector through the mid-1990s.20
The first slate of reforms from 1995 to 2000 also reorganized the landscape of the
electrical sector. A competitive bidding system was introduced in 1995 along with
provisions allowing for the participation of independent power producers. A new
regulatory body, the National Electricity Agency (ANEEL), was created in 1996,
and subsequent legislation passed in 1997 and 1998 created a national system operator tasked with fostering a well-functioning grid and a national council to advise
on energy policy.20,21

The first electric tram in Brazil goes into operation in Salvador, June 6, 1897 (Siemens AG)

Privatization also significantly altered the management of generation assets in Brazil.
Between 1995 and 2000, private ownership of the generation sector increased
from 2.7 percent to 22 percent, while the distribution sector witnessed a far more
drastic reorganization as private participation increased from 2.4 percent to 63
percent.4
These reforms, however, cannot be considered an unqualified success. Few incentives were given to encourage new investments in electricity supply — an unsur50
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prising outcome given that the reform measures were founded on a philosophy of
debt reduction, not expansion of generation and transmission capacities. Installed
electric capacity increased by 28 percent from 1990 to 1999, trailing far behind
a growth in demand of 45 percent.4,20 The little investment that was directed toward new generation was almost exclusively channeled into yet more hydroelectric
power projects, stifling hopes for much-needed supply diversification.20 Many rural
areas, meanwhile, remained beyond reach, leading electricity access to plateau
below 95 percent.18
These issues came to a head with an extreme energy crisis in 2000 and 2001. Prompting severe electricity rationing measures, these years saw eroded demand and thus
profits for newly privatized distribution companies.4,20 By the end of 2002, there was
widespread agreement that Brazil’s reformed electricity sector was in need of further
reform, this time aimed at promoting a reliable system conducive to new investments
and repositioning the federal government as the sector’s central planning and policy-making force.4

Public Push for Rural Electrification (~1990–Present)
Prior to the reforms of the 1990s and early 2000s, rural electrification fell within the
remit of individual state- and municipal-level governments, with the country’s first rural
electrification cooperatives established as early as the 1940s. However, efforts at
rural electrification were stymied by the difficulty of cost recovery, for reasons inherent in the realities of rural electrification: rural residents make unattractive consumers,
given their lower income and capacity for electricity consumption, and given the additional cost of extending electricity far from major energy infrastructure and in challenging topographies, as is the case in northern and northeastern Brazil. As recently
as 1980, Brazil’s rural electricity access stood at a paltry 17 percent.22
In 1991, the federal government authorized the Ministry of Agriculture to divert $2.2
billion to bring access to medium and large rural properties, but once again, with
limited success.22 Overall, the attempted model of rural electrification, in which concessionaires implemented electrification programs with financial backing from state
treasuries, had failed to mobilize resources effectively.23
As a result, the government took a different tack in 1994, inaugurating the Energy
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Development of States and Municipalities Program (PRODEEM) to serve as its primary off-grid electrification program. PRODEEM pursued a top-down approach:
solar photovoltaic (PV) systems were distributed to municipalities free of charge for
the purpose of electrifying community structures such as schools and health facilities,
rather than individual households. However, the program provided little support for
those communities, lacked a viable cost-recovery scheme, and failed to coordinate
with existing grid extension plans, leaving rural end-users with unsustainable service
and inadequate resources for maintenance.23,24
A second rural electrification program launched at the turn of the century, Luz no
Campo (Light in the Countryside), also fell short, despite its focus on grid extension.
First, rural households were expected to pay the full cost of electrical connection, a
requirement that ran up against the income profile of those same households. Second, the program failed to provide the support necessary for rural Brazilians to use,
and eventually increase their consumption of, electricity.22,23 Third, the government
had overlooked the importance of establishing federal agencies dedicated to rural
electrification, instead shifting supervision to preexisting federal programs not designed with clear targets for universal access in mind.23
These shortcomings were finally addressed with the creation of a third program, Luz
para Todos (Light for All), which brought electricity access to three million rural homes
over the course of nine years.25 Under Luz para Todos, government-sponsored service providers were required to guarantee universal access within a service area,
whether by grid extension, decentralized generation (including microgrid systems),
or individual energy systems (often small diesel power generators, solar PV systems,
micro-hydro systems, or hybrid systems).23 The first phase of the program, running
from 2003 to 2010, focused almost exclusively on grid extensions, the option with by
far the lowest cost and widest reach.26,27
A remodeled regulatory apparatus has also provided much-needed institutional
structure and guidance for these efforts. The Electricity Regulatory Agency (ANEEL)
authorizes concessionaires and other service providers, sets annual targets, and verifies that those targets are achieved. Eletrobrás carries out technical and financial
analyses of proposed connections, allocates funds to utility companies and concessionaires, and supervises installations. The Energy Development Account (CDE)
administers grants and low-interest loans in service of universal access in rural areas.
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And the Ministry of Mines and Energy sits above it all, overseeing and determining
policy for the sector.23
Also critical to the program’s success has been its emphasis on equity, productive uses
of electricity, and stakeholder involvement, each of which is vital to economic and
rural development. On the equity front, electrical connections were provided free
of charge to end-users, thereby dispensing with the large up-front costs that inhibit
provision of access to begin with.23 Affording the cost of connection, however, is one
thing; paying for continued electricity access is another. As a result, the government
also instituted a “social tariff” system in which end-users with lower consumption levels pay discounted rates, subsidized by higher rates for wealthier urban consumers.23

Rio de Janeiro, 1889

Promoting productive end-uses of electricity in rural communities, meanwhile, has
played a central role in boosting rural economies, increasing incomes, and enabling
consumers to purchase more electricity, thereby ensuring the long-term sustainability
of the system.28,29 To this end, Luz para Todos equips rural households with power
plugs, lamps, and other basic electrical appliances, and mandates that concession53

aires prioritize connections to schools, health clinics, community production centers,
and water wells.23 The Brazilian government reinforced this focus on economic development through electricity provision in 2011, when it combined the universal electricity access targets of Luz para Todos with two existing programs for poverty alleviation, Brazil Without Poverty and Citizen Land.26
By the beginning of 2014, Luz para Todos had extended access to more than 15.2
million rural Brazilians.30 Of course, in spite of these successes, a sizable portion of
the rural population continues to await connection. Various estimates place the number of households lacking access between 716,000 and 1 million, but this amounts
to only roughly 1–2 percent of all Brazilian homes.26
While Brazil has turned to the deployment of microgrid and stand-alone dieselor solar-powered systems in response to the remaining shortfall, neither option has
proved to be fully up to the task of delivering universal access. Stand-alone systems
running on diesel expose rural communities to volatile fuel prices and costs associated with transporting fuel to distant rural areas, in addition to increased local air pollution. Solar-power systems, given their limited capacity, impose veritable ceilings on
the amount of electricity end-users can consume, preventing support for power-intensive or productive end-uses. Two alternative non-grid options, biomass systems
and micro-hydro installations, face additional technical and policy hurdles.25,31 As a
result, the government has pushed back its target date for universal access.32
Undoubtedly, though, the efforts undertaken by Brazil in the 21st century have been a
success: from a baseline of 71 percent in 2000, rural access to electricity increased
to 92.6 percent in 2010, and 97 percent in 2012. According to the International
Energy Agency, Brazil has achieved nearly universal access and, indeed, light for
all.27,33
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After a century of relative stagnation, the second half of the 20th century brought
exceptional growth to Thailand’s economy. During this time, the country’s industrial
output rose in tandem with its growing GDP and rates of electrification, which soared
from around 25 percent in 1980 to essentially 100 percent by 2000. This remarkable success owed to the state’s focused, coordinated efforts to industrialize agriculture and facilitate development through electrification, which proceeded remarkably
swiftly and efficiently in little more than a few decades’ time.
Thailand’s history is distinctive among our case study countries in that urbanization
remained extremely modest, despite high rates of economic growth and development. Thailand’s slow urbanization meant that rural electrification efforts had to be
adopted much earlier in the process of modernization than in the US, Mexico, or
Brazil. In other words, kick-starting the virtuous cycle in Thailand was especially dependent on the electrification of rural homes and incentivizing other electricity uses
in the countryside.
Fortunately, the Thai government’s commitment to balanced regional growth paid
off. The government’s approach centered on developmental five-year plans, which
were not only well designed but also well implemented. Through these five-year
plans, and division of regional responsibility in different government bodies, the Thai
government wisely began expansion in areas where proximity would ease electricity supply extension, and in areas where productivity gains would be greatest. As a
result, demand spread automatically as stories of the boons of electrification spread.
Moreover, the Thai government worked extensively to educate rural residents on the
benefits, uses, and maintenance requirements associated with electricity.
Collectively, these government initiatives — which targeted both electricity supply
and demand, and prioritized productivity gains — drove the virtuous cycle of industrialization, GDP growth, and ultimately urbanization, which has finally taken hold in
21st-century Thailand.

A Decentralized Start to Power Provision (~1880–1950)
Electricity reached Thailand in spectacular fashion: on September 20, 1884, two
generators transported from Britain lit up Chakri Maha Prasat Hall, the country’s royal palace, strung up with lamps in honor of the king’s birthday. But despite the excite56
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ment and promise generated by the first sight of the glowing palace, the high cost of
imported fuel confined the early spread of electricity to a few public streets and the
homes of the royal family.1-3
Over time, however, electricity began to disrupt and revolutionize many aspects of
Thai life. As in the United States, transportation was one of the first adaptors to electrification. As early as 1887, a Danish company purchased a concession contract to
construct an electrified tramway system in Bangkok, spanning from Bang Kaw Laem
to the royal palace. The electric trolley, which came online in 1894, became one of
the world’s first electrified transportation systems. This concession changed hands in
1897 to the American-owned Bangkok Electric Light Syndicate, with the condition
that the company provide light for all city streets and government buildings, before
being transferred to a separate Danish company, Siam Electricity Co. Ltd., a few
years later.1-3

Access to power substantial enough to promote productive end-uses of electricity would provide a
powerful political symbol.

Siam Electricity Co. Ltd. did much to increase the presence of electricity in Thailand,
constructing the nation’s first power plant — the biomass-, coal-, and oil-fired Wat
Lieb station — which provided service primarily for public lighting and transportation in southern Bangkok. The company’s reach expanded through the first decade
of the 1900s, merging with Bangkok Tramway Co. Ltd. in 1908.2 To complement
this service in southern Bangkok, the state soon authorized construction on a second generating station to supply power to the north. Operated by the Royal Sam
Sen Electricity Authority, this 25 megawatt (MW) power plant provided electricity
for both royal and general public consumption in northern Bangkok beginning in
1914.1-3
Rural regions of the primarily agrarian country remained almost entirely without service during these years, leading to early efforts to extend the reach of electrification
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beyond city limits. Establishing a rural electricity division within the Interior Department, the government built plants in the Ratchaburi province and the town center of
Nakhon Pathom in 1927 and 1931, respectively.3 The early 1930s saw further service
extension to such major Thai provinces as Chiang Mai, Phuket, Chon Buri, and Nakhon Nayok.2
Nonetheless, poor planning and coordination stymied mass electrification outside of
Bangkok. Most of the electric generators deployed in provincial Thailand were small
diesel-powered units that provided uneven service, almost exclusively for lighting
after dusk. The absence of uniform technical standards for generating units, whether
large power plants or smaller decentralized systems, further complicated efforts to
increase the reliable supply of electricity. The country’s power sector itself was also
highly fragmented, consisting of more than 200 privately owned, municipal, and cooperative utilities operating regional and individual power plants.3 By mid-century,
electricity access figures were close to negligible, and industrialization remained
modest, with agriculture still contributing 30 percent of the country’s GDP.4,5

Expansion of Domestic Ownership (~1950–1970)
As Thailand sought to modernize its economy in the wake of World War II, it quickly
found that existing power generation facilities could not keep pace with increasing
demand. In response to electricity shortages that resulted from this limited supply,
the government set out to leverage its domestic mineral and geographic resources
for greater energy production, instructing the Department of Mineral Resources to
explore lignite coal deposits and the Royal Irrigation Department to identify areas
suitable for hydropower development.2
Simultaneously, the Thai government began to consolidate the many smaller power
providers operating throughout the country into state-owned corporations, and it
created central planning bodies devoted to energy. When the concession owned
by the Danish-operated Thai Electric Co. Ltd. (formerly Siam Electricity Co. Ltd.) expired in 1950, the government nationalized the utility, transferring it to the Ministry
of Interior and renaming it Bangkok Electric Works.3 In 1951, the Thai government
went on to create the Power Plant Construction Company, a forerunner to the Energy Policy and Planning Office, Thailand’s main energy policy coordinating body
today.2 With the establishment of a central planning authority and the transfer of
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the sole foreign-owned power company in Bangkok to the state, the 1950s saw a
rapid expansion of the number of Thai-owned electricity companies and generation
facilities, and an increase in the supply and reliability of electricity across the country
as a result.

Rural electricity access soared during these years,
climbing steadily from 20 to 95 percent.

Between 1954 and 1958, the government also divided oversight of power generation and distribution between two newly created bodies. What would later become
the Provincial Electricity Authority (PEA) was tasked with overseeing all areas outside
of the Bangkok metropolitan area, complementing the charge of the Metropolitan
Electricity Authority (MEA), which was established with the merger of Bangkok Electric Works and the Electrical Division of the Public Works Department.2,3
In spite of these efforts to consolidate and centralize the country’s electricity system,
however, the sector still largely lacked coordination. By the late 1960s, Thailand’s
rural generation sector was composed of a sprawling collection of small private
concessionaires operating their own power plants. The Electricity Generating Authority of Thailand estimates that as many as 70 private concessionaires were operating 350 small diesel power plants at this time.2 Only 7 percent of rural households,
meanwhile, had access to electricity as late as the early 1970s.6

Public Focus on Industrialization and Agricultural Modernization (~1960–1980)
Around this time, international influence began to redirect the course of Thailand’s
economic and social development. Most notably, when the World Bank concluded
an advisory mission to Thailand in 1957, it found that the country lacked focused and
coordinated governmental initiatives for infrastructural development and integrated
economic growth. At the Bank’s behest, Thailand established the National Economic
Development Board (NEDB) as a central planning agency in 1959, tasked with cre59

ating five-year plans and targets for economic diversification and, especially early
on, the build-out of the country’s infrastructure.3
To facilitate the expansion of the power sector, the World Bank provided sizable
loans for the construction of large-scale coal-fired power plants, hydroelectric dams,
and transmission infrastructure. As a condition for receiving these loans, the Thai government was required to establish an independent power agency, the Electricity
Generating Authority of Thailand (EGAT), through the consolidation of regional authorities and facilities. Thus, by 1968, all generation and transmission of the now-vertically integrated sector fell within the remit of EGAT, with distribution now overseen
by the complementary MEA and PEA.2,3,7

Postcard of Charoen Krung Road, c. 1910s–1920s

The NEDB unveiled the First Development Plan in 1961 with several focal points,
principal among them economic growth, agricultural modernization, fast-paced industrialization, and a steadfast commitment to regional development. This last priority was critical given that in 1961, 80 percent of Thailand’s population lived in rural
60
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areas and relied primarily on agriculture for income.8 As a result, the First Plan also
recommended the introduction of fertilizers, new seed varieties, and mechanization
on farms in order to increase the earning potential of these residents.9
Thailand’s industrial sector saw considerable growth over this period — for the first
time surpassing the agricultural sector as a percentage of GDP in 1971 — as did the
economy as a whole; GDP increased by an average of over 7 percent per year
from 1961 to 1966.8 Nevertheless, despite these impressive achievements, a government-issued review of the First Plan acknowledged that it had done little to reduce
economic disparities between the country’s urbanized provinces and rural areas.9
When the NEDB drafted its Second Plan, therefore, it created an Accelerated Rural
Development Program and five Regional Development Committees “to reduce the
differences in the standard of living of different areas of the country.”10 By 1972, the
NEDB had changed its name to the National Economic and Social Development
Board (NESDB) to reflect the government’s reinforced commitment to rural development.3
Concurrently, between 1964 and 1975, the PEA implemented the initial stage of a
rural electrification program that provided 10,000 rural villages with small diesel
power plants, increasing rural access from 5 percent in 1971 to 21 percent in 1976.
The government considered this progress far too slow, however, to meaningfully increase the presence and utility of electricity in rural Thailand, or to ward off the possibility that stark inequality might fuel political instability, particularly in the country’s
most underdeveloped regions.11,12 Access to power substantial enough to promote
productive end-uses of electricity, in contrast, would provide both a powerful political symbol to legitimize state-led development and the means for the government to
reliably and affordably modernize rural Thailand, which still comprised 76 percent
of the country’s population by 1975.7,8

Push for Rural Electrification (~1970–2000)
The Thai government thus spent several years preparing a far more aggressive plan
to scale up electricity access in rural areas. Beginning in 1970, it worked closely with
the United States Agency for International Development to design a prefeasibility
study to accelerate its rural electrification program. The study resulted in the 1973 inauguration of the National Plan for Thailand Accelerated Rural Electrification (ARE),
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which aimed to achieve universal access in just 25 years — a timeline that was accelerated to 15 years in 1975.13
The structure of the ARE program and its alignment with the broader development
strategies of the NESDB proved the keys to its success. Constructed as a five-part
series of overlapping five-year stages, the ARE targeted grid connections for one region at a time — a key departure from the PEA’s initial provision of small diesel plants.
In line with its social development goals, the government selected the northeast region, the country’s most underdeveloped, for the first five-year push.13
A separate agency, the Office of Rural Electrification (ORE), was also created to
oversee grid extensions and electricity distribution in Thailand’s rural villages, allowing the PEA to oversee further electrification in more urbanized provincial regions
outside of Bangkok. Furthermore, the establishment of the ORE as an autonomous
agency with a single mandate for rural electrification enabled the PEA to concentrate specific resources on the often-unprofitable task of extending the grid to rural
areas.6,13

Electricity served as a fundamental driver of
Thailand’s economic diversification and growth.

Thailand’s ARE program saw a quick rise in access. When the program was implemented in 1977, access in the PEA service area stood at just 21 percent, representing
approximately 10,000 electrified villages. (Recall that the PEA, the Provincial Electricity Authority, initially was given comprehensive oversight of electricity distribution
to rural areas.) By the end of the first five-year stage in 1981, which also coincided
with the end of the Fourth Plan from the NESDP (National Economic and Social Development Plans), access had more than doubled to 44 percent.11
Several factors contributed to the success of the ARE program. First, the ARE prioritized villages where electricity would have the highest economic and social impact,
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and aimed to provide service to the largest number of end-users during each stage
of the program.13 To determine which villages in a province should be prioritized, the
program used a ranking system comprising several metrics, including proximity to the
grid, transportation infrastructure, the percentage of households reliant on cooking
fuels such as wood, charcoal, and biomass, and the potential for load increases
through productive, non-household uses of electricity.
Second, once a village was selected and received service, PEA officials then
worked to ensure that electricity was consumed in such a way as to encourage
overall rural development through productivity increases and revenue growth. The
greater the number of villagers using electricity and the greater the inelasticity of
electricity demand, the greater the chance the PEA could ensure cost recovery. The
PEA thus established load-building teams in each village consisting of PEA staff and
personnel from local customer service offices in order to promote greater consumption of electricity. In a fashion similar to the US Rural Electrification Administration’s
efforts, these teams leveraged customer and local supply-chain knowledge to target
the most productive end-uses and provide tailored advice on appliance use and
maintenance.13 In this way, electricity and its potential benefits were marketed within
the context of each village’s economy, rather than as an abstract commodity of little
relevance to villagers.
Despite increasing connections, early stages of the ARE program did little to induce
such a growth in aggregate demand; most Thai villages that received access consumed extremely low levels of electricity, 90 percent of which powered a single
end-use: household light.13 Household lighting consumption skewed demand toward
evening hours, and electrical systems with low profitability due to low load factors
(i.e., utilization rates) posed significant cost-recovery challenges. As such, the PEA
placed particular weight on the need to improve load factors, or the ratio of average demand to peak demand, in Thai villages.14 Electric motors in particular, used to
drive water pumps for irrigation, power rice mills, and support other village-specific
industries, would increase power demand during the day and improve the system’s
load factor in the process.13
With more than 70 percent of Thailand’s population rural as late as 1982, agricultural connections proved critical to the success of the ARE.8 Higher village load factors,
achieved through the adoption of electric motors for agricultural end-uses, yielded
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several benefits, including more efficient delivery of electricity, thus minimizing distribution system losses; higher demand for electricity, bolstering utility cost recovery;
and increased revenues for villagers using electric motors to drive up productivity.
To make these products affordable for the country’s less-developed rural villages
and promote broader household adoption of electricity, the PEA collaborated with
Thailand’s Bank of Agriculture and Agricultural Cooperatives to enable low- or zero-interest loans to purchase electrically operated items, such as rice mills and electric motors. These efforts mirrored those undertaken by the Electric Home and Farm
Authority in the United States, which provided low-interest loans to increase rural
uptake of electrical appliances for agricultural end-uses. By boosting demand for
electricity, this tactic also helped to reduce the cost, per person, of extending the
distribution system to more remote areas.13

Aerial view of rural Bangkok
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Equally important was the PEA’s commitment to building relationships with rural villagers and local authorities to establish trust and confidence in its work.6 Before providing service, the PEA actively engaged with community leadership and assigned
staff members to town hall meetings in order to gain public approval for the at times
intrusive installation of electrical infrastructure. These meetings had further benefits,
affording opportunities to educate villagers, many of whom had yet to see electricity,
about the arrival of electric-related materials and services. After connecting communities to the grid, PEA officials worked to ensure that rural Thai villages enjoyed
reliable service by staffing local village offices with PEA technicians to address issues
on site in the event of service disturbances or interruptions. These efforts in turn engendered a sense of ownership of the electrical system among rural villagers, helping to
deter electricity theft and payment delinquency.13
As a result of this community-centric implementation, coupled with the program’s
systematic focus on productivity and long-term economic growth, rural electricity
access soared during these years, climbing steadily from 20 to 95 percent between
1976 and 1991. By the time the ARE program had concluded a few years later, 98
percent of rural Thailand — encompassing more than 64,000 villages — enjoyed
access to electricity.11 And by the year 2000, not only did rural access climb to 100
percent but the PEA network also surpassed MEA regions in energy and electricity
demand for the first time, allowing EGAT to eliminate its urban-to-rural subsidy structure.8,11,13 By almost any metric, Thailand’s electrification efforts have been a success.
Thailand’s economy grew in tandem with electricity access. From 1977 through
1996, alongside the adoption of the ARE and the country’s fourth NESDP, GDP
grew at an annual rate of at least 4.5 percent; annual per capita GDP growth,
despite more year-to-year variability, averaged over 6 percent. During this period,
Thailand’s economy rapidly moved further away from reliance on agriculture and
toward the predominance of industry. Between 1977 and 1996, agriculture’s share
of GDP fell from 25 to 9 percent, and industry’s share rose from 29 to 37 percent.8
Electricity served as a fundamental driver of this economic diversification and growth.
The increase in installed electricity capacity during the years of the ARE program and
beyond provided the resource base necessary for massive expansion of electricity demand, feeding the growth of industry and economic output.6 This build-out of
installed electric capacity was in turn enabled by low- or zero-interest concession
loans from bilateral and multilateral development agencies such as the World Bank
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and OPEC, along with the governments of Canada, Germany, and Japan, among
others.13 Encouraged by the country’s strong economic performance, these stakeholders extended large amounts of capital to EGAT to increase generation and
transmission capacity, with the authority spending as much as US $1 billion per year
in the late 1980s. Moreover, as Thailand’s electrical sector operated on a “cost plus”
regulatory structure, wherein utility profits were contingent on expenditure, utilities
had ample incentive to expand the electric supply system through investments in generation, transmission, and distribution infrastructure.7 Urban-to-rural subsidies provided by the federal government boosted industry and commerce within the more developed regions of the PEA network while also helping the utility cover losses that
otherwise might have debilitated the ARE program.6,13
During the expansion stages of the ARE program, high levels of economic and electricity demand growth — which averaged roughly 10 and 13 percent from 1988 to
1993, respectively — stimulated a virtuous cycle for the PEA and newly connected
rural consumers.7 As new urban, commercial, and industrial customers within the PEA
network increased their consumption levels and thus the utility’s profits, the PEA was
able to further extend its network and invest in consumption growth, equitably and
expediently scaling up access to electricity, income, and quality of life in the process.6,13
Thailand’s recognition of the connection between access to reliable and affordable
electricity and the economic and social development of a nation played a central
role in this success. The structure and execution of the ARE program itself also proved
an indispensable component of this achievement; the use of specific selection criteria
enabled the PEA to prioritize areas where electricity access would have the most
pronounced economic and social impact, while the program’s focus on tying electricity to productivity gains and village-specific economic structures made its efforts
all the more impactful and economically viable. Spurred by strong nationwide economic growth, electrification enabled the Thai government to turn what was largely a
subsistence agriculture–based economy into a modern industrial and manufacturing
powerhouse in Southeast Asia, illustrating the transformative impact that careful, integrated central planning can have on a country’s development in the span of only
a few decades.
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October 1, 1949, the inauguration of the People’s Republic of China, heralded not
only a new political era for the country but also a start down a gradual, tumultuous
path of socioeconomic modernization. Eventually, national electrification — along
with urbanization, industrialization, and agricultural modernization — transformed the
once-isolationist nation into a leading geopolitical power.
China stands out somewhat against other case study countries in that there was no
role played by a private sector, and that achieving a centralized, country-wide grid
was for many decades not the government’s goal — not until the turn of the 21st
century.
What is most illuminating about China’s story, however, is how both its protracted
difficulties and eventual progress in achieving universal electrification speak to the
inseparability of electrification, industrialization, and urbanization. During the latter
half of the 20th century, under Mao Zedong and Deng Xiaoping, China pursued
socioeconomic development, including electrification, without centralized urban industrialization. Without the full benefit of the virtuous cycle, this path would prove a
difficult one.
In response to the failure of the Great Leap Forward, Mao set out to ramp up the
country’s industrial base in rural areas. As a result, the 1960s and 1970s saw considerable growth of small hydroelectric plants. However, reflecting the broad failure
of collectivization, these plants were often unreliable, inefficient, and unconnected
to major grids, and thus detached from any meaningful form of broad economic
development. Thus, industry’s share of GDP fluctuated wildly, and the country’s urban
population hardly budged during these years, hovering well below 20 percent.
In response to these failures, Deng Xiaoping pursued a model of decentralized industrialization, which sought to utilize locally controlled, market-based public entities
to develop light industries that would serve as stepping stones for industrial development. Yet despite impressive outcomes of Deng’s market-based reforms, industrialization and urbanization were slow to progress, due in part to the lack of an
interconnected, centralized power grid, and a significant disparity in rural–urban
electrification.
China’s most marked success in kick-starting the virtuous cycle occurred around the
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turn of the century. The state enacted sweeping reforms and rural electrification initiatives, which successfully calibrated energy supply and demand, stoked soaring
urbanization, and catalyzed the emergence of a Chinese middle class.

Early Industrialization and the Failures of Collectivization (~1950–1980)
When Mao Zedong unveiled the country’s first five-year plan in 1953, it called for
vigorous economic and military development through strong central planning, heavy
industry, and collectivized agriculture — an agenda deeply influenced by the Soviet
Union, which provided initial technical and financial assistance in the early 1950s.1
China, however, had little in the way of infrastructure to achieve these lofty objectives. Despite plentiful hydroelectric resources, years of conflict during the Japanese
occupation had hindered the country’s ability to construct and maintain hydroelectric
power plants. By the late 1950s, only 900 megawatts (MW) of installed electric
power were functional, and those hydroelectric facilities that were in use were rarely deployed for civil purposes.3 At the turn of the decade, China’s rural population
neared 84 percent, but rural electricity consumption stood at below one percent of
the nation’s total.2,3
A more restrictive approach to economic development followed in the form of Mao’s
Great Leap Forward, introduced in 1958. With private land ownership banned, the
country’s 750,000 agricultural cooperatives were aggregated into 23,500 self-supporting communes, each expected to pool resources and engage in agricultural and
small-scale industrial production, ideally freeing up labor for hydroelectric and infrastructural development.1 Rural electrification was to be “small in size, commune-run,
service mainly to the non-household sector, based mainly on hydropower, and with
an emphasis on both construction and management.”4
Instead of steady development, however, the Great Leap Forward notoriously resulted in massive famine and disastrous shortages of raw material inputs for industry.1,5
In response, Mao’s “Third Front” set out to ramp up the country’s industrial base,
focusing on steel, iron, mining, and electricity production.6,7 The state also called
upon local governments in rural areas to take advantage of natural resources like
hydropower and coal to develop their own power networks.3 As a result, the 1960s
and 1970s saw considerable growth of small hydroelectric plants for flood control,
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irrigation services, and eventually minimal electricity for small-scale industries and
rural end-uses. Owing to this build-out of both small and large plants, hydropower’s
installed capacity expanded tremendously during these years, increasing from 163
MW in 1949 to an incredible 20,318 MW in 1980.8 Significant contributions from
coal and biomass also led to a steady expansion of the electricity sector, as electricity access climbed from 35 percent in 1970 to around 55 percent by 1978.2,6,9

An industrial fiber factory in China, 1900 (Library of Congress)

These plants, however, were often unreliable, inefficient, and unconnected to major
grids, and thus detached from any meaningful form of development.10,11 Indeed, the
country’s urban population hardly budged during these years, hovering well below
20 percent, while industry’s share of GDP fluctuated wildly, falling to a low of 31
percent before climbing back to 45 percent by 1975.
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Despite macro-level policies implemented to improve energy supply, the benefits
of state-led efforts accrued mostly to urban areas like Beijing and Shanghai, leaving China’s rural landscapes underdeveloped and largely bereft of mechanical
power and electrical end-uses. By 1978, therefore, as nationwide electricity access
reached 61 percent, rural China’s share of the country’s total electricity consumption
stood at just over 13 percent.8 Electricity accounted for only 5 percent of rural energy consumption, indicating a near complete absence of electrical end-uses outside
of lighting, and a reliance on firewood and biomass for household energy supply.8
This disparity posed an acute challenge to the government’s repeated efforts to fasttrack development in a country that was, by the late 1970s, still predominantly rural,
energy poor, and growing. In 1982, as China’s total population surpassed one billion, its rural population stood at nearly 800 million.12 Agriculture, meanwhile, made
up about one third of the country’s economic output.4

Power plants were often unreliable, inefficient, and
unconnected to major grids, and thus detached from
any meaningful form of development.
At the end of the Mao era, several economic sectors, including the country’s energy
sector, were also wrought with inefficiencies. Energy planning was conducted on
short-term horizons, and underpricing of key industrial inputs like coal resulted in
chronic shortages, volatility, and underinvestment. In addition, stringent state control
had led to an absence of competition in the sector, disincentivizing innovation and
cost reduction.6,13 Roughly half of the population, as a result, still lacked access to
electricity.14 With Mao’s death in 1976, it became clear that the time was ripe for a
reformed approach to modernization.

Decentralized Industrialization (~1980–1990)
When Deng Xiaoping assumed power in 1978, he introduced market-based reforms
that transformed and further industrialized China’s economy. Centered on distributing
more political power to local governments, particularly in rural regions, and gradually opening the country to foreign investment, Deng’s “Four Modernizations” — of
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agriculture, industry, national defense, and science and technology — produced impressive outcomes, including major improvements to energy and electricity access in
rural areas, as well as growth of industry and services at the expense of agriculture,
whose share of GDP fell from 37 percent in 1966 to 17 percent by 1998.1,2,10
As rural households were empowered to manage their own land and production,
they began to generate greater incomes, which eventually enabled them to mechanize agricultural production and purchase electrical appliances and other products
that greatly improved their productivity and quality of life. Washing-machine ownership provides a powerful example of this transition: whereas in 1980 only 2 percent
of rural households owned a washing machine, by 2000 that figure had grown to
29 percent. Refrigerator ownership, similarly, was virtually nil in 1980; by 2000, it
had reached 12 percent.4
But the modernization of the agricultural sector and the acceleration of rural development also required better access to electrical and mechanical power generation
in the first place. In order to boost such capacity in rural areas, the Ministry of Water Resources launched the National Primary Rural Electrification County Program in
1985, a program designed to leverage the rich hydrological resources of rural China. Selecting counties that lacked access to electricity but could also demonstrate
numerous productive end-uses capable of advancing economic development, the
program provided financing and support for the construction of small-scale hydropower facilities. Installed electric capacity of small-scale hydropower subsequently
grew from 6,926 MW in 1980 to over 22 gigawatts (GW) in 1998.15 Rates of electricity access grew in step, reaching an impressive 95 percent by 2000.2
As during the years of rural self-reliance under Mao, this growth in mostly rural, smallscale hydropower was accompanied by a fast-paced expansion of China’s national hydroelectric capacity, which increased from 20 to nearly 80 GW in the last two
decades of the 20th century. With Deng’s reforms under way, China was also able
to draw on the funding and technological expertise of multilateral institutions like
the World Bank and the Asian Development Bank, further accelerating hydropower
infrastructure construction. The Three Gorges Dam, a 22 GW behemoth, stands as
the ultimate testament to China’s hydropower prowess during this era. It remains the
world’s largest power generation facility as measured by installed capacity today.10
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China’s coal industry was another benefactor of Deng’s reforms, an easy choice to
fuel China’s growth given its natural abundance. Thermal coal–generating facilities
could be constructed and operationalized far quicker than large hydropower installations, providing an expedient fix to the country’s continual energy shortfalls. At
the 1982 Twelfth Plenary Meeting of the Chinese Communist Party, the government
mandated that coal production be doubled by 2000, from 600 million tons to 1.2
billion tons, so as to meet the country’s economic development goals. To facilitate
this sharp increase in production, the state relaxed its monopoly on the coal sector,
allowing non-state coal mines to operate alongside state-owned operations.6 These
policies firmly entrenched coal’s dominance so that by 1990 it constituted 72 percent of China’s generation capacity.10

Three Gorges Dam, located along Yangtze River

Alongside these increases in domestic energy supply and structural changes to China’s agricultural sector came Deng’s decentralized approach to the modernization
of industry. Rather than focus on heavy industrialization as Mao had, Deng sought
to utilize market-based public entities controlled by local governments — known as
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township and village enterprises, or TVEs — to develop light industries like construction materials, textiles, agricultural tools, and fertilizers that would serve as stepping
stones for industrial development.16 Bolstered by the central government’s continued
support of “openness” in the 1980s, TVEs and collectives eventually overtook stateowned enterprises in industrial production in 1994.17
The increase in industrial ownership by TVEs coincided with a sustained period of
economic growth in China — with GDP figures frequently surpassing 8 percent per
year — and a structural readjustment of the economy away from agriculture.18 The
1.5 million TVEs existing in 1978 employed approximately 28 million rural Chinese;
within less than two decades, the country’s 23 million TVEs employed 135 million.17
China’s urban population also saw its first real growth during these years, climbing
from 18 percent in 1978 to 36 percent by 2000.2
Given the energy-dependent nature of these reforms, they were also accompanied
by a significant restructuring of the electricity sector. Beginning in 1985, this largescale reorganization shifted control of production from the central government to
state-owned enterprises in an effort to promote investment in electricity generation
and increase competition and efficiency in the sector.
Reforms also granted greater autonomy to local governments to invest in new power projects. In 1987, a five-fold increase in the cap placed on such investments allowed local governments to plan and approve thermal power plant projects of up to
800 MW in capacity and hydropower projects up to 100 MW. Outside of explicit
policy, the central government also encouraged local governments to collaborate
with one another in developing energy infrastructure like long-distance transmission
lines.13 This distribution of power enabled local governments to leverage the enormous growth of the hydropower and coal industries, positioning themselves as loci
for industrialization and manufacturing production in the 1980s and 1990s.8
It is worth repeating that the impressive gains in electricity access, which rose from
around 55 percent in 1978 to nearly 93 percent in 1996, were realized in tandem
with these modernizing reforms.2 Nonetheless, issues related to energy supply, the
affordability and reliability of rural electricity, and the government’s inability to coordinate across the now-heavily decentralized electricity sector began to threaten
its ability to properly plan, fund, and coordinate the construction of energy projects.
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Rather than invest in larger projects to ensure electricity supply kept up with ever-increasing demand, local authorities tended to focus on smaller-scale projects that
had higher returns on investment and lower up-front capital costs. Because China
experienced high levels of economic growth in the 1980s, these small-scale projects
were unable to adequately supply electricity to match escalating demand in the
country’s industrial, manufacturing, residential, and rural end-use sectors.13 Accordingly, industry’s share of GDP saw virtually no growth during these decades, peaking
at 48 percent in 1980 and falling back to 45 percent by 2000.2
Electricity distribution faced similar problems. By transferring greater power to local
governments, including the authority to construct their own power systems, a patchwork of rural electrical power systems began cropping up around the country, with
little technological standardization or integration among them. As a result of their
isolation from one another, local grid operators were unable to take advantage of
the scale economies and efficiency profiles that interconnected, centralized power
grids usually produce. With central government support and funding skewed toward
the development of urban power networks, electricity supply in rural areas was often
unreliable, hamstrung by large losses in the transmission and distribution of electricity.3,19
As a result, a large urban–rural disparity persisted in electrical access. By the end of
the century, rural areas still consumed less than half of all electricity used in China,
despite accounting for nearly two-thirds of the country’s population.2,11 The confluence of these challenges would lead the central government to once again expand
its role in the electricity sector, this time with rural electrification as a primary focus.13

Centralized Rural Electrification and Soaring Urbanization (~1990–Present)
In the mid-1990s, the central government introduced two important pieces of legislation that began to address the urban–rural disparity. The first outlined a new program, the Seven-Year Priority Poverty Alleviation Program, which formalized the role
of rural electrification in economic development. One year in, electricity access had
reached nearly 60 million more rural Chinese as a result of this centralized effort to
deliver power and economic opportunity.20 The second, the Electric Power Law of
1996, prioritized ethnic minority settlements and other remote areas characterized
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by high rates of poverty and political instability for rural electrification.21 Emergent
renewable energy sources such as solar and wind were incorporated into these
programs as the decade progressed, most notably through the Brightness Program
introduced in 1996.3
When China’s central government instituted sweeping reforms in 1998 to combat
inefficiency, reinforce government regulation, and spur investment and innovation in
the energy sector, it also continued its pursuit of narrowing the gap between urban
and rural China.13 In 1999, it unveiled the “Notification on Accelerating the Reform
of Rural Power Systems and Enhancing Rural Power Management,” which sanctioned retrofits for the patchwork of rural electricity grids operating throughout the
country. This intervention led to reductions in efficiency losses as high as 25 percent
in the transmission and distribution of electricity, reducing costs for rural producers
and consumers.8,21 Through this program, small-scale hydropower systems installed
throughout rural areas were also connected to locally operated power networks,
which were in turn connected to regional and provincial networks.3 These infrastructural projects laid the groundwork for a national system of interconnected grids,
thereby unlocking attendant economies of scale and efficiency improvements.

Nanking Road, Shanghai, 1907. (New York Public Library)
76

THE BREAKTHROUGH INSTITUTE / The Road More Traveled

The early 2000s saw further support for rural infrastructure development projects
even as China’s urban population continued to soar, climbing to over 50 percent by
2010.2 Using instruments like public debt, investments from power corporations, and
loans from institutions like the Agricultural Bank of China, the government funded a
variety of such projects with the aim of promoting urban and rural integration and cooperation, and, perhaps most importantly, establishing a highly visible governmental
presence in rural public service delivery.20,21
High levels of economic growth during these years also primed the electricity sector
for further growth in generation capacity, with hydropower as a primary beneficiary.
By 2009, installed capacity of hydropower, both small- and large-scale, had grown
from 77 GW in 2000 to an astounding 172 GW, representing a year-on-year
growth rate of over 9 percent.10 Electricity generation increased roughly 127 percent
from 2005 to 2014, buoyed by an acceleration of output from the industrial sector
— responsible for about two-thirds of China’s total electricity consumption today.9
Electricity access, similarly, peaked at 99.7 percent in 2010, an achievement that
owed much to the confluence of late-stage urbanization, industrialization, and centralized rural electrification in delivering power to the vast majority of the country’s
population.2
The acceleration of urbanization in the 2000s has especially driven China’s skyrocketing energy demands and consequent development. In 2011, China became
a majority urban country for the first time, with more than 690 million of its 1.3 billion
inhabitants residing in urban areas.12 As China’s population transitioned from rural
to urban, it also experienced an important economic development: the emergence
of a Chinese middle class. Whereas in 2000 only 4 percent of urban households
qualified as middle class, just 12 years later that number had surged to 68 percent.22
Consequently, despite yearly GDP growth rates “slowing” to 7-plus percent in 2012
and 2013, economic tailwinds are likely to continue stoking demand for energy in
the coming years and decades.9,13
In response, the central government is expected to introduce more market-based
pricing schemes, energy-efficiency projects, and greater competition to ensure that
energy supply matches ever-increasing demand. Additionally, the need to focus on
transmission infrastructure is likely to continue to guide policies pertaining to the electricity sector.9
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Chronic challenges do remain. Urban areas that have benefited from years of preferential project and funding treatment still far outpace rural areas in terms of appliance ownership and electricity consumption. That the price of electricity is often still
unaffordable for poor consumers in rural areas exacerbates this dichotomy. As of
2016, approximately 4 million Chinese still lacked access to electricity.23
Nonetheless, China’s transformation since 1949 has been remarkable. Emerging
from decades of internal and external conflict with little infrastructure, China’s rapid
entrance onto the world stage is deservedly one of the most studied today. Although
the road has been characterized by various pitfalls and frequent adjustments in oversight and policy, energy and electricity have consistently served as integral inputs to
China’s astounding economic, political, and social development that continues to
this day.
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