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Deregulation and the Rise of Wind 
Power in Texas
Abstract
This article historicizes the rise of the Texas wind industry using 
the 2010 construction of the Roscoe Wind Farm in West Texas 
as a case study. This article uses records from local, state, and 
federal agencies as well as archival materials to argue that the 
rise of Texas wind power in the early twenty-first century was 
a product of broad deregulatory trends beginning in the 1970s. 
Deregulation had two impacts. First, state and federal policy 
decisions weakened old utilities monopolies. Second, the eco-
nomic and social consequences of deregulation made locals 
interested in wind. Nationally, deregulation and globalization 
represented a sharp departure from earlier legislative methods of 
infrastructure management. In Texas, it hastened the decline of 
rural communities and eroded one mechanism for strident Texas 
nationalism. This morphed rural communities into unexpected 
wind advocates. The rise of Texas wind power suggests that the 
global trend toward deregulation and privatization post 1970 had 
a mixed impact on individuals, communities, and state cohesion. 
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Since 2010, the rapid expansion of US green 
energy has taken place in unexpected places. 
While environmentally conscious California was 
initially the nation’s leader in wind development, 
the Plains states have seen the most growth in 
twenty-first century wind production. In partic-
ular, oil-rich Texas has risen to the forefront of 
turbine installation and electricity generation. This 
article explains how this came about, focusing 
on a single case study. The Roscoe Wind Farm, 
located in central West Texas and between 2009 
and 2012 the largest on-shore windfarm in the 
world, illustrates that the success of Texas wind 
development was the result of energy policy deci-
sions and also the product of localized social 
and economic responses to the deregulatory 
trends of the late-twentieth century. In Roscoe, 
as in other agricultural communities, reduc-
tions in farm subsidies and international trade 
agreements in the 1980s exacerbated land con-
solidation and population decline. Twenty years 
later, energy deregulation dismantled a regula-
tory system that had killed renewable electricity 
generation for decades and incentivized the rise 
of new alternatives. Agriculturalists in Rosco, as 
in many other Plains communities, were eager to 
become wind energy entrepreneurs. 

This narrative is indicative of a broad shift in 
American understandings of infrastructure 
development and economic policy in the twen-
tieth century. In 1935 the first Federal Power Act 
increased federal oversight over electricity infra-
structure development and the industry’s busi-
ness practices. The ascendency of Keynesian 
economics at the same moment meant that pol-
icymakers understood big government projects 
as job creators and drivers of economic growth. 
For forty years, key energy systems, including 
hydropower, the rural electricity grid, and nuclear 
energy, were highly publicized, public-private 
collaborations. Simultaneously, federal oversight 
held popular support as the best way to reign 
in business excess and for much of the century. 
Consumer electricity and fuel prices were heav-
ily regulated.1 

1 John C. Neufeld, Selling Power: Economics, Policy, and 
Electric Utilities Before 1940 (Chicago: University of Chicago 

This changed in the mid 1970s. After a midcentury 
peak, state funding for American infrastructure 
development began to dry up. This coincided 
with a push to diversify American energy produc-
tion along with calls for deregulation and market 
competition which spurred the roll-back of gov-
ernment-mandated utility monopolies. In 2005 
Texas incentivized green energy sales, arguing 
that competition would reduce consumer prices. 
Such trends made space for wind industry devel-
opment just as turbine technology improved 
dramatically. By the twenty-first century, wind 
energy installations in the US were interna-
tional operations with hardware development 
and financing spanning the globe. Competition 
was encouraged in wholesale electricity markets 
and publicly funded energy development was no 
longer a go-to strategy to legitimate state power 
or shore up the economy.2 

While historians have chronicled nineteenth-cen-
tury wind entrepreneurs and documented the 
federal push for renewable research and devel-
opment during the 1970s energy crisis, historical 
scholarship on American wind energy remains 
extremely limited.3 This article fills a long-stand-
ing gap in the literature by connecting the rise of 
wind to broader historical trends. First, this story 
adds to our understanding of deregulation and 
its legacy. While scholars have correctly linked 
the impact of deregulation and privatization to 
the decline of the social safety net and the glo-
balization of pollution, the ways in which these 
policy trends have also become unlikely vehi-
cles for green energy development and local-
ized rural revitalization has been overlooked.4 

Press, 2016); Sarah T. Phillips, This Land, This Nation: 
Conservation, Rural America and the New Deal (New York: 
Cambridge University Press, 2007).
2 Richard Hirsh, Power Loss: The Origins of Deregulation 
and Restructuring in the American Electric Utility System 
(Boston: MIT Press, 1999); Robert Lifset (ed.), American 
Energy Policy in the 1970s (Norman: University of Oklahoma 
Press, 2014).
3 Robert Righter has the sole historical monograph on 
the topic. Robert W. Righter, Wind Energy in America: A 
History (Norman: University of Oklahoma Press, 2008).
4 Neoliberalism and the rollback of government regula-
tory systems have been heavily critiqued by scholars. See 
Naomi Klein, This Changes Everything: Capitalism vs. The 
Climate (New York: Simon & Schuster, 2014); David Harvey, 
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Political scientists have assessed green energy’s 
ability to compete economically with established 
fossil fuel systems and the efficacy of govern-
ment subsidy programs.5 However, as this arti-
cle points out that, in the case of Texas, the 
success of the wind industry was as much the 
result of local reactions to the hardships pro-
duced by broader economic and political trends 
as it was the result of coherent policy decisions 
or technological innovation. 

Second, this story expands the geographic scope 
of green energy scholarship to include Texas, a 
most unlikely renewables center. To do this, it 
builds upon a rich literature on American elec-
trification, highlighting that economic and leg-
islative trends have been key to the trajectory 
of wind development. 6 Historians have long 
identified electrification as central to twenti-
eth-century state-making. Widespread, reliable 
electrification has historically been a national 
symbol of prestige and its interruption indica-
tive of social decline. Scholars have identified 
how inclusion or exclusion from the electricity 

A Brief History of Neoliberalism (Oxford: Oxford University 
Press, 2007); Jörg Friedrichs, The Future Is Not What It Used 
to Be: Climate Change and Energy Scarcity (Cambridge, 
Mass.: MIT Press, 2013); Matthew T. Huber, Lifeblood: Oil, 
Freedom, and the Forces of Capital (Minneapolis: University 
of Minnesota Press, 2013).
5 Robert Bradley, Edison to Enron: Energy Markets 
and Political Strategies (New York: Wiley, 2011); Fereidoon 
P. Sioshansi, Evolution of Global Electricity Markets: New 
Paradigms, New Challenges, New Approaches (New York: 
Academic Press, 2013); Leah Stokes, Short Circuiting 
Policy: Interest Groups and the Battle Over Clean Energy 
and Climate Policy in the American States (Oxford: Oxford 
University Press, 2020).
6 Abby Spinak, “’Not Quite So Freely as Air’: Electrical 
Statecraft in North America,” Technology and Culture, vol. 61, 
n° 1, 2020, 71-108; John C. Neufeld, Selling Power: Economics, 
Policy, and Electric Utilities Before 1940 (Chicago: University 
of Chicago Press, 2016); Julie Cohn, The Grid: Biography of 
an American Technology (Boston: MIT Press, 2018); Thomas 
P. Hughes, Networks of Power: Electrification in Western 
Society, 1880-1930 (Baltimore: The Johns Hopkins University 
Press, 1983), 324-362; Richard Rudolph and Scott Ridley, 
Power Struggle: The Hundred-Year War Over Electricity (New 
York: Harper Collins, 1986); David Nye, Electrifying America: 
Social Meanings of a New Technology 1880-1940 (Boston: 
MIT Press, 1990); Consuming Power: A Social History of 
American Energies (Boston: MIT Press, 1997); Jane Griffith, 
“Hoover Damn: Land, Labor, and Settler Colonial Cultural 
Production,” Cultural Studies, vol. 17, n° 1, 2016, 30-40.

grid denoted citizenship and state acknowl-
edgement. At the consumer level, differences 
in electricity voltage and safety standards were 
often the result of competing regulatory systems 
and the boundaries of the electrical grid helped 
to denote the borders between one geopoliti-
cal entity and another.7 This article provides a 
needed epilogue to these histories, tracking how 
deregulation disrupted older systems of state 
control and boundary-making. As wind power 
becomes increasingly important to the global 
economy, this Texas case study suggests that 
green energy has become a bellwether for the 
globalization of infrastructure and the chang-
ing relationships between communities, energy 
producers, and the state. 

This article is organized into four sections. The 
article begins by explaining the major actors 
involved in the establishment of the Roscoe 
Wind Farm, contextualizing the local story within 
global trends. In the second section, the article 
explains the long, intertwined history of elec-
trification and wind power in the US. The third 
section examines the role of infrastructure as 
a political tool and the origins of deregulation 
in Texas. It describes the role that deregulation 
played in Texas’s support for green energy pro-
duction. The final section returns to the Rosco 
Wind Farm and a discussion of the mixed impact 
globalized wind energy has had on the local 
economy and Texas politics.

“THE SAUDI ARABIA OF WIND”

In early 2017 Texas oil executive T. Boone Pickens 
predicted that “Wind and solar prices are going to 
continue to drop, and the middle of America is the 
Saudi Arabia of wind.”8 Ten years earlier Pickens 

7 Daniel MacFarlane, Fixing Niagara Falls: Environment, 
Energy, and Engineers at a Famous Border Waterscape 
(Pittsburg: UBC Press & University of Pittsburgh Press, 2020); 
Marianna Dudley, “The Limits of Power: Wind Energy, Orkney, 
and the Post-war British State,” Twentieth Century British 
History, Vol. 31, n° 3, September 2020, 316–339.
8 T. Boone Pickens, “T. Boone Pickens has a two-part 
energy plan for Trump starting with don't screw up,” Dallas 
News, January 2017, https://www.dallasnews.com/opinion/
commentary/2017/01/05/t-boone-pickens-two-part-ener-
gy-plan-trump. Accessed 9/25/2919.
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had publicly announced a plan to build the world’s 
largest wind farm in the Texas Panhandle, the iso-
lated, northern-most region of the state. Pickens 
encountered what had long been one of the 
industry’s main challenges: a lack of high-voltage 
transmission lines. Since the 1980s, an inability to 
transport electricity generated at isolated wind 
farms had slowed development.9 In 2009 Pickens 
was quick to highlight the problem of insuffi  cient 
infrastructure, saying that “It doesn’t mean that 
wind is dead. It just means we got a little bit too 
quick off  the blocks.”10 In reality, Pickens’s – CEO 
of the Dallas-based energy investment fi rm BP 
Capital – had already been beaten to the punch. 
He was not the only player imagining a Texas wind 
empire. That same year the German electricity 
giant E.ON completed the world’s largest wind 
farm 237 miles to the south. 

The Roscoe Wind Farm, located near the small 
town of Roscoe in north-central Texas, was a 
massive undertaking. Approximately one wind 

9 Righter, Wind Energy in America (cf. note 3).
10 AP, “T. Boone Pickens Calls Off  Massive Texas Wind 
Farm,” CNBC, July 7, 2009, https://www.cnbc.com/
id/31785977. Accessed 9/25/2019.

turbine was installed each day until project com-
pletion. The turbines ranged in size from 350 
feet to 415 feet tall, the size of an approximately 
38-story skyscraper.11 A single blade spanned 
from 100 to 150 feet. Once assembled, the 
wind farm encompasses 634 turbines standing 
approximately 900 feet apart on 100,000 acres of 
working cotton farmland. Electricity production 
started in 2010, just one year after construc-
tion began. As of 2019, the wind farm gener-
ated approximately 782 megawatts of electricity 
(enough to power approximately 250,000 homes) 
which E.ON sold to Texas energy companies and, 
in turn, Texas energy consumers.12

Unlike Pickens, E.ON was willing to pursue the 
project without the benefi t of existing infra-
structure. This was due to a combination of 
geography and economics. Roscoe sat at a tran-
sition point between the wet, sub-tropical cli-
mate of East Texas and the state’s arid, western 
regions. Although the area was populated by a 

11 “The Roscoe Wind Farm Project, Texas, USA,” Power 
Technology, https://www.power-technology.com/projects/
roscoe-wind-farm/. Accessed 9/25/2019.
12 Id.

8

9

Figure 1: Map of Texas locating the town of Roscoe in relation to major cities. Source: Sarah 
Stanford-McIntyre. 
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mix of cotton farmers and cattle ranchers, lack 
of surface water and the constant wind made it 
ill-suited for agriculture. In Roscoe, wind speeds 
averaged at least twenty miles per hour, every 
day, year-round.13 Like the Panhandle, Roscoe 
was in need of economic stimulus. However, 
Roscoe was close enough to urban centers to 
make the construction of new high voltage lines 
an economically viable option. 

Wind development was a lucrative alternative 
in a region hit hard by rural economic decline. 
E.ON leased land from a network of approxi-
mately 300 local cotton farmers, many of whom 
had worked the land for decades. Although the 
nearest small city was only fifty miles to the east, 
Roscoe was 114 miles from Lubbock, the nearest 
urban hub and it had been historically hard to 
draw industry or investment to the rural com-
munity. Making matters worse, in the early 1980s 
engineers rerouted Interstate 20 to bypass the 
town, consigning Roscoe’s economy to a creeping 
decline. According to the 2010 census Roscoe’s 
population was only 1,322, down from a peak of 
1,628 in 1980. Reflecting these problems, the 2010 
median income in Roscoe and the surrounding 
area was low, at $23,816 annually.14 In contrast, 
the wind farm’s unitized lease payments aver-
aged around $100 per acre per year. According 
to some reports, this was twice what agricul-
ture could produce. Depending upon the size of 
the turbine and total acreage leased, individuals 
received between $3,000 and $5,000 dollars per 
year. For some, this reached as high as $15,000.15 
This represented an instant source of income 

13 National Weather Service, “West Central Texas Climate 
Data,” https://www.weather.gov/sjt/ClimateViewer. 
Accessed 9/25/2019.
14 US Census, 2010, Selected Economic Characteristics, 
American Community Survey, Nolan County, Texas, 
Washington: Government Printing Office, 2017.
15 Lease royalty contracts are confidential, making exact 
statements about payments impossible. However, anec-
dotal information is available. See Christian Brannistrom 
et al., “Spatial Distribution of Wind Power Royalties in 
West Texas,” Land, vol. 4, n° 4, 2015, 1182-1199 and Sarah 
Mae-Nelson, “Cliff Etheredge – Wind Farmer: Switch 
Energy Project,” Climate Interpreter, September 10, 2013, 
https://climateinterpreter.org/resource/cliff-etheredge—
wind-farmer-switch-energy-project. Accessed 9/25/2019.

for landowners and an attractive boost to the 
local tax base.16

Beginning in 2010, the wind farm’s impact on both 
the Roscoe landscape and the global electricity 
industry was significant.17 Texas had compara-
tively lax environmental restrictions and since 
windfarms were still relatively new, most county 
governments did not have zoning requirements 
or require public hearings before beginning con-
struction. Residents used their own discretion 
when signing leases. According to industry rep-
resentatives, wind farm operators liked large 
landholders best. As Jeff Clark, director of the 
industry group Wind Coalition put it, “The advan-
tage is the bigger geographic footprint you get, 
the better the odds the wind is blowing at some 
point somewhere.”18 And the larger the wind-
farm, the better. As a result, carefully spaced 
turbines towered over the region’s flat and arid 
landscape.19 The turbines were visible for miles, 
dwarfing Roscoe’s cotton fields and cotton gins. 
According to General Electric, up-close a single 
wind turbine was about as loud as a lawn mower 
and, by law, turbines were required to be spaced 
at least 300 meters from the closest residential 
building. At that distance, a turbine was louder 
than a refrigerator but quieter than a window 

16 At the federal level, wind farms benefit from the 
Renewable Electricity Production Tax Credit (PTC) which 
credits 2.3 cents for every mega-watt hour of energy 
produced for the first ten years. At the local level, wind 
farms are contributors to local property taxes. Lease pay-
ments are also taxed. “Wind Vision: A New Era for Wind 
Power in the United States, Office of Energy Efficiency 
and Renewable Energy, US Department of Energy Office 
of Scientific and Technical Information, 2015, https://www.
energy.gov/sites/prod/files/2015/03/f20/wv_full_report.
pdf.  Accessed 9/25/2019/.
17 In 2012 the Roscoe Wind Farm was dethroned by the 
Alta Wind Energy Center in California.
18 James Osborne, “Country’s Largest Wind Farm 
Planned in Texas Panhandle,” Dallas News, September 
24, 2013, https://www.dallasnews.com/business/
energy/2013/09/24/countrys-largest-wind-farm-planned-
in-texas-panhandle. Accessed 9/25/2019.
19 As legal scholars and scientists hash out the optimal 
conditions for wind production, turbine placement, 
“wind stealing” is poised to become a source of logisti-
cal and regulatory conflict. J. K. Lundquist et al., “Costs 
and consequences of wind turbine wake effects arising 
from uncoordinated wind energy development,” Nature 
Energy, vol. 4, 2019, 26–34.

11
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air conditioner.20 All together the 634 turbines 
at the Roscoe Wind Farm produced a constant 
background hum that could be heard from pass-
ing cars on Interstate 20 and inside area homes.

The decision to transform the local economy 
and local environment refl ected big changes at 
E.ON and in the electric power industry. E.ON, 
the largest electricity provider in Germany and 
third largest in Europe, used Roscoe and other 
wind farms to redefi ne itself as a green energy 
producer. In 2016, six years after completing the 
project in Roscoe, E.ON proudly reported that 
it had sold all of its fossil fueled energy hold-
ings, publicly committing to renewable power. By 
2018 the company maintained twenty three wind 
farms in Texas.21 This was an expensive tran-
sition. The Roscoe Wind Farm alone cost over 
one billion dollars to complete, but E.ON had 
partners. The Roscoe Wind Farm was fi nanced 

20 Thomas Kellner, “How Loud is a Wind Turbine,” GE 
Reports, August 2, 2014, https://www.ge.com/reports/
post/92442325225/how-loud-is-a-wind-turbine/ . 
Accessed 9/25/2019.
21 Johannes Teyssen, “2011 Annual Report,” E.ON, 
Druckpartner, Essen, 2011; Johannes Teyssen, “2017 Annual 
Report”;  “E.ON Druckpartner, Essen, 2017. “E.ON starts con-
struction of a new wind farm in Texas and makes important 
progress in US business,” E.ON, January 11, 2018, https://
www.eon.com/en/about-us/media/press-release/2018/
eon-starts-construction-of-a-new-wind-farm-in-tex-
as-and-makes-important-progress-in-us-business.html. 
Accessed 9/25/2019.

through a partnership between E.ON and two 
American backers: GE Energy Financial Services 
and a subsidiary of the banking giant Wachovia 
Corporation.22 This represented a global invest-
ment trend that would continue for the next 
decade. Wind was an emerging industry and 
investors were interested in cashing in. By 2019 
a growing number of American multinationals 
not traditionally in the energy business began 
investing in wind power. For example, the online 
retailer Amazon and medical supplier Johnson & 
Johnson announced plans to build wind farms 
in Texas.23 In the twenty-fi rst century electric-
ity production and distribution – previously key 
to federal policy and the source of widespread 
public debate – had become an often-over-
looked site for investment diversifi cation and 
good publicity. 

WIND POWER AND THE STATE

Privatized Texas wind development was the 
result of a century-long battle between entre-
preneurs, policy-makers, and regulators over the 
best ways to regulate, distribute, and generate 
electricity. Nationally, the early-twentieth cen-
tury had been marked by the rise of utilities 
holding companies and fi nancial speculation in 
electrifi cation, followed by a crackdown on cor-
ruption in the utilities industry. In this context, 
inventors marketed the earliest wind-powered 
electricity as an alternative to an exploitative 
system strangled by expensive, unprofi table 
municipal transmission technology and corrupt 
utilities companies. Wind power was too expen-
sive and ineffi  cient to become a viable alterna-
tive to transmission monopolies. Instead, federal 
electrifi cation projects ultimately provided elec-
tricity to unprofi table markets. This increased 
the presence of the federal government in the 
daily lives of rural Americans.

22 “E.ON starts construction of a new wind farm in Texas” 
(cf. note 22).
23 Angel Gonzales, “Amazon’s largest renewable project 
to date: a Texas wind farm,” Seattle Times, September 15, 
2016, https://www.seattletimes.com/business/amazon/
amazons-largest-renewable-project-date-a-texas-wind-
farm/. Accessed 9/25/2019.

12
13

Figure 2: Wind turbines tower over cotton fi elds along State 
Highway 84, northwest of Roscoe, Texas on December 27, 
2012. Source: Sarah Stanford-McIntyre.  
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In the US, electricity was first harnessed for 
commercial use in the late-nineteenth century. A 
wave of entrepreneurs including Thomas Edison 
and Charles Brush sold electrical equipment to 
municipal governments, individual firms, and 
private citizens.24 Home electricity became a 
status symbol for wealthy bankers such as J. 
P. Morgan who helped finance early electrifi-
cation projects.25 Because upfront costs were 
high and profit margins were low, experimenta-
tion continued in the best way to manage large-
scale energy production and delivery. Cities were 
the first to become interconnected and, at first, 
municipalities offset construction costs by giving 
local utilities territorial franchises.26 

Others sought out alternative sources of fuel. 
New urban electricity systems were powered 
by noisy coal plants, by necessity located in city 
centers. Coal-powered electricity contributed to 
urban pollution and demand often outstripped 
supply. A nascent wind industry hoped to solve 
these problems. Beginning in the 1850s Daniel 
Halladay experimented with commercial windmill 
sales in the US, selling thousands to prospec-
tors, farmers, and railroads traversing the arid 
west. These windmills pumped water for farms 
and steam-powered trains.27 In the early-twen-

24 “Brush System of Electrical Power Distribution,” 
Catalog, ca. 1887, Box 29, Folder 24, Subseries 2: Brush 
Electric Company, 1880s-1898, Charles F Brush Sr. Papers, 
Case Western Reserve University Kelvin Smith Library 
Special Collections.
25 Nye, Electrifying America; Nye, Consuming Power (cf. 
note 6).
26 For example, Cleveland, OH was the first US city to 
install electric streetlights in 1879. Charles Brush, "The 
Development of Electric Street Lighting," Journal of the 
Cleveland Engineering Society, vol. IX, 1916, Charles F. Brush 
Sr. Papers, Kelvin Smith Library Special Collections, Case 
Western Reserve University. 
27 Halladay’s Self-Governing Windmill was more efficient 
than previous designs -- turning automatically to face the 
direction of the wind. It was also cheap – around $50 for 
the windmill and $25 for pumps and piping -- and easy for 
a single individual to construct. Settlers ordered Halladay 
windmills from mail-order catalogues, and the Union 
Pacific and other railroads installed them at water stops. 
“Windmills and Wind Engines,” Farm Implement News vol. 
8, February 1887, 12-17.; The town of Roscoe, TX began as 
a Texas and Pacific Railroad water stop in 1881. For more 
on the role of the windmill in US westward conquest see 
Richard White, Railroaded: The Transcontinentals and the 

tieth century, new entrepreneurs applied similar 
technology to electricity production and imag-
ined integrating the versatility and portability of 
wind power into the municipal power grid. 

In 1888 wealthy Ohio electrical pioneer Charles 
Brush built the first wind-powered generator 
which he used to electrify his home. Others 
had bigger plans. In the 1920s, Dew Oliver, a real 
estate developer in San Gorgonio Pass, east of 
Los Angeles, California built the first wind-pow-
ered electrical generator designed for commer-
cial sale. His design was very different from 
Brush’s. Oliver envisioned a ten-ton, 70-foot long 
“giant metal tube that sat on a circular track 
atop a concrete foundation.”28 The wind shifted 
the tube, which moved internal turbines. Oliver 
planned to position these tubes around the Los 
Angeles area and power the resort town of Palm 
Springs. Before he could implement this plan, 
Oliver was arrested for tax fraud.29 However, his 
ideas had some merit. Once installed, wind gen-
eration was cheap, and it did not produce the 
foul-smelling smoke produced by burning coal. 

But wind remained less reliable. If the wind was 
not blowing, turbines did not produce electricity 
and battery storage and long-distance transmis-
sion networks were in their infancy. Municipal 
wind development continued in Europe through 
the mid-twentieth century but it stalled in the 
US. There was a small market for off-the-grid 
electrification, and entrepreneurs developed a 
niche industry selling portable, wind-powered 
generators to explorers and some wealthy agri-
culturalists.30 However, wind power could not 
offset expenses for utility companies or munic-
ipalities wrestling with the cost of electrification. 

Making of Modern America (New York: W. W. Norton, 2012); 
__, It’s Your Misfortune and None of my Own: A New History 
of the American West (Norman: University of Oklahoma 
Press, 1991); Frida Knobloch, The Culture of Wilderness: 
Agriculture as Colonialization in the American West (Chapel 
Hill: University of North Carolina Press, 1996). 
28 Robert W. Righter, “Wind Energy in California: A New 
Bonanza,” California History, vol. 73, n° 2, 1994, 142-155.
29 Ibid. 
30 Robert W. Righter, “Reaping the Wind: The Jacobs 
Brothers, Montana's Pioneer 'Windsmiths'”, Montana: The 
Magazine of Western History, vol. 46, n° 4, Winter, 1996, 38- 49.
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Instead, these problems would be addressed 
through industry restructuring. In the name of 
efficiency and to defer the risk associated with 
building infrastructure, between 1890 and 1930 
American electricity companies consolidated 
themselves into a pyramidic system of holding 
companies. By the 1920s, a few holding compa-
nies, exemplified by the infamous Insull Group in 
Chicago, controlled most of the American elec-
tricity grid. Holding companies defrauded inves-
tors and electricity customers alike. After public 
outcry and a lengthy Federal Trade Commission 
investigation, the Federal Power Act of 1935 dis-
solved this system and dramatically increased 
federal oversight over any power company that 
operated across state lines.31 After this shake-up, 
from the 1930s to the 1950s electricity develop-
ment was dominated by massive state-funded 
electrification projects and vertically and hori-
zontally integrated regional energy monopolies.32 
Born out of the sweeping federal programs of the 
New Deal, such projects identified government 
oversight and regulation as reigning in business 
excess. They also reflected the belief that with-
out state-backed regional monopolies, electric-
ity development was prohibitively expensive for 
private industry. This assumption would govern 
federal energy policy for the next 40 years.

In Texas and in other southern states, the 
increased federal role in infrastructure con-
struction brought electricity to many commu-
nities for the first time. Before 1930, seven major 
utility companies operated in Texas. However, 
none of these extended beyond the metropolitan 

31 Thomas W. Mitchell and Albert A. Hartley, “Report on the 
Examination of the Accounts and Records of Corporation 
Securities Co. of Chicago,”, 1932, Series 10: Federal Trade 
Commission Report on Corporation Securities Company 
of Chicago, Box 58. Samuel Insull Papers, Loyola University 
of Chicago. See also. Public Utility Act of 1935, S. 2796, 74th 
Congress, Session 1, Ch 687, (1935). 
32 Insull became a household name synonymous with 
greed and corruption. Correspondence, Series 14: Extradition 
and Trials Period, 1932-1935, Boxes 66-72, Samuel Insull 
Papers, Loyola University of Chicago. The utilities Scandal of 
the 1930s has been well-covered by historians. Julie Cohn, 
The Grid; Hughes, Networks of Power, 324-362; Rudolph and 
Ridley, Power Struggle (cf. note 6).

areas of Austin, San Antonio, and Houston.33 In 
rural Texas, homes generally did not have grid 
access. Often, small communities might main-
tain a single electric light, powered by a portable 
generator. The massive series of hydroelectric 
dams of the Tennessee Valley Authority (TVA) was 
the showpiece of New Deal electrification and a 
similar program was enacted in Texas.34 Future 
president Lyndon Johnson was appointed head 
of the Lower Colorado River Authority (LCRA) 
and the program brought cheap hydro-pow-
ered electricity to much of central Texas by 
damming the Colorado River.35 Overseen by the 
Texas Legislature and funded by the Public Works 
Administration, the LRCA also helped build an 
interconnected grid system of high-voltage 
transmission lines.36 It subsidized loans to new-
ly-developed rural electric cooperatives which 
serviced an unprecedented 31,000 square miles 
by 1939.37 The program was extremely popular 
with rural communities and solidified Johnson’s 
political power in Texas. 

Such projects amplified the role of the federal 
government in the lives of individuals. Both the 
TVA and the LCRA sponsored extensive public 
outreach programs teaching rural communities 
how electricity could improve their lives and 
integrating them into a larger consumer econ-
omy.38 The LRCA built waterfront business dis-
tricts, municipal parks, and campgrounds. It 
provided flood and erosion control. In these 
projects, the TVA, the LCRA, and others used 

33 Kenneth E. Hendrickson Jr., The Waters of the Brazos: 
A History of the Brazos River Authority, 1929 -1979 (Waco: 
The Texian Press, 1981).
34 “Lower Colorado River Authority Act,” Texas S. B. 2, 43rd 
Cong., 4th Called Session, 1934.
35 “The Lower Colorado River Authority,” and “LCRA News,” 
Folder: Killen, Florence, Box C-15, Papers of Florence Killen, 
LBJ Presidential Library, Austin, Texas.; See also Paul-
Michael Dusek, “Patronage Power: Rural Electrification, 
River Development, and Lyndon Johnson (1937-1939)” 
Dissertation, Southern Methodist University, 2012.
36 Sim Gideon, Oral history interview, by David G. 
McComb, March 21, 1968, LBJ Library Oral Histories, LBJ 
Presidential Library, Austin, Texas.
37 “LCRA News,” Folder Killen, Florence, Box C-15, Papers 
of Florence Killen, LBJ Presidential Library, Austin, Texas. 
Dusek, Patronage Power, 13 (cf. note 35).
38 Dusek, Patronage Power, 16 (cf. note 35).
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eminent domain to acquire land in the name of 
the public good, at times sparking bitter public 
outcry.39 

While at times controversial, by the 1950s and 
1960s such infrastructure development was a 
standard talking point for politicians across the 
political spectrum. The Cold War only exacer-
bated an assumption that funding for large-scale 
projects was the appropriate role for government 
agencies and electrification in particular became 
a tool of soft diplomacy. As early as the 1930s, 
electricity transmission across international bor-
ders was curtailed by a federal permit process.40 
Like early wind experiments, hydropower never 
came close to outstripping coal-fired plants in 
total wattage produced. However, policymak-
ers used monumental dam projects such as 
the Hoover Dam as a tool of American hemi-
spheric dominance.41 For example, the Hoover 
Dam increased US control over water from the 
Colorado River, and in the name of flood control 
and irrigation for California’s Imperial Valley, lim-
ited the flow of the river into Mexico.42 Indicating 
an assumption that electrification was an effec-
tive political tool, throughout the 1960s elec-
trification was a key component of Cold War 
international development projects such as the 
Marshal Plan and Point Four Plan.43 

39 “Senate Committee Report,” Texas S. B. 2, 43rd Cong., 
4th Called Session, 1934. See also Phillips, This Land, This 
Nation (cf. note 1).
40 Elizabeth Furlow, “Good Transmission Makes Good 
Neighbors: The Case for Easing Permitting Processes to 
Encourage Cross-Border Power Infrastructure Between 
Mexico and the United States,” Texas Law Review, vol. 96, 
n° 6, 2018.
41 Edgar B. Nixon, ed., Franklin D. Roosevelt and 
Conservation, 1911 – 1945, 2 vol. (New York, 1957), 438-441.
42 Norris Hundley Jr., Water in the West: The Colorado 
River Compact and the Politics of Water in the American 
West (Oakland, CA: University of California Press, 1975); The 
US fought similar battles to the north. Daniel MacFarlane 
and Peter Kitay, “Hydraulic Imperialism: Hydroelectric 
Development and Treaty 9 in the Abitibi Region,” American 
Review of Canadian Studies, vol. 47, n° 3, 2016, 380-397.
43 For more on the political impetus behind these pro-
grams see Geoff Burrows, “Rural Hydro-Electrification and 
the Colonial New Deal: Modernization, Experts, and Rural 
Life in Puerto Rico, 1935–1942,” Agricultural History, vol. 91, 
n° 3, 2017, 293-319 and David Ekbladt, The Great American 

DEREGULATION AND TEXAS SOVEREIGNTY 

The ideological and economic assumptions gov-
erning electricity generation changed dramati-
cally over the course of the 1970s. In a decade 
marked by energy shortages, blackouts, and a 
looming sense of crisis, the dialogue shifted 
from praise for American energy production to 
one of concern about US overconsumption. In 
Texas, this also sowed the seeds of wind preem-
inence as the state quickly adopted new laws 
that incentivized green energy competition.

By the late 1970s ongoing national concerns 
about government spending and government 
bloat solidified into calls for austerity and pri-
vatization from both sides of the political aisle.44 
Government funding for domestic energy devel-
opment was rolled back under the Carter admin-
istration. In 1978 President Carter passed the 
Public Utility Regulatory Policies Act (PURPA) 
which encouraged research into alternative 
energy sources, including wind power. PURPA 
also amended the Federal Power Act to disin-
centivize the natural monopoly structure that 
had governed the utility industry since the 1930s. 
Throughout the 1980s, energy grid management 
transitioned from geographic monopolies to 
competition between providers. This process 
sped up in the 1990s. In 1992 President George H. 
W. Bush passed a new Energy Policy Act designed 
to boost green energy production by encouraging 
competition. In 1996, under the Clinton adminis-
tration, the Federal Regulatory Commission (FRC) 
issued Order 888 and Order 889. These new reg-
ulations established competitive wholesale mar-
kets for electricity and officially outlawed vertical 
integration. In practice this meant that electricity 

Mission: Modernization and the Construction of an American 
World Order (Princeton: Princeton University Press, 2011).
44 Jimmy Carter, “Memorandum for the Heads of 
Executive Departments and Agencies,” October 26, 1978, 
The American Presidency Project, UC Santa Barbara, Santa 
Barbara, California.; Jimmy Carter, “Anti-Inflation Program,” 
October 24, 1978, American Experience, https://www.pbs.
org/wgbh/americanexperience/features/carter-anti-in-
flation/. Accessed 12/17/20.; “Tax Cut Proposals,” Box 5, 
Folder 10: WPC Memos, 1979, Governor William P. Clements, 
Jr. Official State Papers, 1st Term, 1979-1983, Texas A&M 
University Libraries, College Station, Texas. 
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production and electricity distribution could no 
longer be controlled by the same company.45 

The dismantling of regional electricity monopo-
lies was heralded as encouraging efficiency and 
free competition. Many environmentalists also 
applauded this move, hoping that it would make 
space for alternative fuel sources. However, for 
decades it seemed as if such support was unde-
served.46 The simultaneous expansion of domes-
tic oil, gas, and coal production in the 1970s 
produced an energy glut and a precipitous drop 
in energy prices in the early 1980s. The easy 
availability of fossil fuels prevented renewables 
from catching on with either municipal or private 
authorities. As the electrical grid aged, concerns 
mounted about the rising cost of maintenance 
and its capacity to meet rising demand. Despite 
these worries, energy prices remained low for 
the rest of the century and most American elec-
tricity remained powered by coal well into the 
2010s.47 

In Texas, such trends were exacerbated by 
existing biases against federal oversight and, 
ultimately, resulted in the construction of the 
Roscoe windfarm. Long-standing Texas ambiv-
alence toward federal regulatory power and a 
strong sense of state nationalism had tempered 
legislative support for big projects like the LCRA 

45 Public Utility Regulatory Policies Act of 1978, 95th 
Congress, H.R. 4018, (1978).; Energy Policy Act of 1992, 102nd 
Congress, H.R 776, (1991-1992).; “Promoting Wholesale 
Competition Through Open Access NonDiscriminatory 
Transmission Services by Public Utilities; Recovery of 
Stranded Costs by Public Utilities and Transmitting Utilities; 
Final Rule,” Vol. 61, Federal Register 92 Friday (May 10, 1996), 
1. Jim Rossi, “The Electrical Deregulation Fiasco: Looking 
to Regulatory Federalism to Promote a Balance Between 
Markets and the Provision of Public Goods,” Michigan Law 
Review, vol. 100, n° 6, 2002.
46 California’s well-publicized experiment with energy 
deregulation ended in failure and the ousting of Governor 
Grey Davis. See James L. Sweeney, “The California Electricity 
Crisis: Lessons for the Future”, The Bridge, National Academy 
of Engineering, vol. 32, n° 2, 2002.
47 Energy Information Agency, “U.S. electricity gener-
ation by major energy source, 1950-2019,” https://www.
eia.gov/energyexplained/electricity/electricity-in-the-us.
php. Accessed 12/17/20.; Vaughan Nelson, Wind Energy – 
Renewable Energy and the Environment (Boca Raton: CRC 
Press, 2009), Chapter 4.

in the 1930s. Over the course of the 1940s and 
1950s Texas developed an independent electricity 
grid and distinct regulatory structure in order to 
bypass federal intervention. By the 1970s, this 
fed a push for deregulation that began even 
before federal efforts. By the 1990s, Texas green 
energy had space to flourish. 

150 years earlier, Texas had joined the United 
States deeply in debt and dependent on federal 
funding. This, along with the Civil War, fueled 
bitterness and suspicion toward the federal 
government that drove opposition for federal 
regulation for the next century. Throughout the 
late-nineteenth and early-twentieth century, 
Texas politicians were members of the Dixiecrat 
coalition, rhetorically opposed to federal inter-
vention in everything from rural electrification 
to school integration.48 According to the Texas 
legislature, infrastructure was something best 
funded by private industry – or federal money. 
Despite vocal debates in the Legislature, in the 
1930s Texas relied on New Deal public works 
projects for infrastructure improvements. While 
public reaction to such programs was generally 
positive, Texas utility companies remained stri-
dently worried that federal money would bring 
federal intrusion. And, in a pivotal decision, they 
circumvented regulation by the Federal Energy 
Regulatory Commission under the Energy Policy 
Act of 1935 by agreeing not to sell electricity 
across state lines.49 

This informal agreement stood the test of time. 
At the beginning of World War II, Texas’s hodge-
podge network of private electricity lines was 
organized into the Texas Interconnected System 
(TIS) which coordinated electrical power toward 
Gulf industrial centers. Members publicly 

48 For Texas political context see Max Krochmal, Blue 
Texas: The Making of a Multiracial Democratic Coalition 
in the Civil Rights Era (Chapel Hill: University of North 
Carolina Press, 2016) and David O’Donald Cullen and Kyle G. 
Wilkinson (ed.), The Texas Right: The Radical Roots of Lone 
Star Conservatism (College Station: Texas A&M University 
Press, 2014).
49 Most US electricity in the United States is transmitted 
via one of three grid systems: the Eastern Interconnection, 
the Western Interconnection, and the Texas Interconnected 
System. 
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boasted that relying on out-of-state electricity 
would be less reliable than trusting only Texas 
providers. After the war, local utility companies 
once again pledged not to sell power to out-of-
state customers, allowing Texas to continue to 
avoid oversight.50 In 1970 this agreement was 
given an official structure and internal regulatory 
mechanism, the Electric Reliability Council of 
Texas (ERCOT), made up of volunteer members 
drawn from Texas utility companies. Some have 
attributed this grid independence to the suc-
cess of Texas’s wind energy programs.51 However, 
for decades such isolation only worked because 
Texas was rich in both coal and natural gas. 

As both population and suburban sprawl 
increased, Texas’s energy consumption skyrock-
eted during the late-twentieth century. Despite 
their historic opposition to federal oversight, 
Texas legislators were concerned about rising 
energy demands.52 In the late 1970s Texas began 
a truncated attempt at nuclear power develop-
ment.53 By the 1990s some independent Texas 
energy producers began a vocal push for dereg-
ulation, arguing that competition would reduce 
consumer electricity prices and help meet rising 
demand. They were led by Enron CEO Jeffrey 

50 This autonomy has been challenged several times. R. 
Ryan Staine, “CREZ II Coming to a Windy Texas Plain Near 
You: Encouraging the Texas Renewable Energy Industry 
Through Transmission Investment,” Texas Law Review, vol. 
93, n° 2, December 2014, 521-555.
51 Supporters have argued that a lack of competing reg-
ulations has allowed Texas to bypass legislative red tape 
that has stymied wind development at the regional level. 
Id.; Laura Lynne Kiesling and Andrew N. Kleit (ed.), Electricity 
Restructuring: The Texas Story (Washington D.C.: AEI Press, 
2009); US Department of Energy Office of Scientific and 
Technical Information, Energy Policy Case Study – Texas: 
Wind, Markets, and Grid Modernization, AC Orrell et al, PNNL-
25822 (Washington: Government Printing Office, 2016), 16. 
52 “About ERCOT,” Electric Reliability Council of Texas, 
http://www.ercot.com/about/. Accessed 9/25/2019; Alvin 
Kaufman, The Electric Reliability Council of Texas Intertie 
Situation: A Study, report prepared for the use of the 
Subcommittee on Minerals of the Committee on Interior and 
Insular Affairs, Hearings, Reports and Prints of the Senate 
Committee on Interior and Insular Affairs, U.S. Congress, 
Senate, 94th Congress, 2d Session, 1976 (Washington: U.S. 
Govt. Print. Off. 1976) 1-11. 
53 Todd Walker, “The Lone Star and the Atom: Nuclear 
Energy in Texas 1945-1993” (Ph.D diss., Lubbock, Texas Tech 
University, 2002).

Skilling who hoped to expand into retail energy 
sales.54 At that time, Texas electricity was still 
managed by vertically integrated utility compa-
nies, with the exception of three municipal utility 
companies and a network of rural cooperatives 
left over from the Depression era. As in the rest 
of the US, almost all Texas electricity was coal 
generated. 

Due to concerns about a finite coal supply, Texas 
deregulation was paired with incentives for 
renewable energy production. Following national 
trends, in 1995 the Texas Legislature amended 
the state’s Public Utility Regulatory Act (PURA), 
fully deregulating the Texas wholesale market 
for electrical power a year before new federal 
laws went into effect.55 Then-Texas Governor 
George W. Bush signed off on the deregulation 
of retail electricity in 1999, set to slowly transi-
tion between 2002 and 2007. In 2005 Governor 
Rick Perry signed legislation creating Competitive 
Renewable Energy Zones (CREZ) which revised 
the PURA to incentivize the development of 
Texas-generated wind energy.56 

Such policy trends were important. However, 
crucially for the future of Texas wind devel-
opment, deregulation was not confined to 
the electricity utilities. Concurrent changes to 

54 Enron also engaged in retail energy sales in newly 
deregulated markets in California, Ohio, and Iowa. In 2006 
Skilling was convicted on felony charges stemming from the 
collapse of Enron Corporation and sentenced to 24 years 
in federal prison. For more on Enron see Jerry Markham, 
From Enron to Reform: A Financial History of Modern U.S. 
Corporate Scandals (New York: Routledge, 2006). See also 
“Regional Transmission Organizations,” Docket No. RM99-2-
000, Order Number 2000, United States of American Federal 
Energy Regulatory Commission, December 20, 1999, https://
www.ferc.gov/legal/maj-ord-reg/land-docs/RM99-2A.pdf. 
Accessed 9/25/2019.
55 Public Utility Regulatory Act, Art 1446c-0, V.A.C.S. 
ch. 166, § 1 (1997). Other states attempted similar pro-
cesses around the same time. California’s effort ended in 
well-publicized disaster. Ohio and Virginia also attempted 
deregulation, only to abort the process. Kiesling and Kleit, 
Electricity Restructuring (cf. note 51). 
56 Warren Lasher, “The Competitive Renewable Energy 
Zones Process,” Quadrennial Energy Task Force, Department 
of Energy, August 11, 2014, https://www.energy.gov/sites/
prod/files/2014/08/f18/c_lasher_qer_santafe_presentation.
pdf. Accessed 12/17/20/.
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international trade had unintended economic 
consequences that created new advocates for 
Texas wind power. Throughout the 1980s the dis-
mantling of trade barriers, the deregulation of 
banks and financial markets, and the rollback of 
industry subsidy programs impacted rural econ-
omies across the US and made farmers very 
interested in other ways of using their land. 

In Roscoe, collapse was a long time coming. In 
the late-nineteenth century dry-land farming 
methods made cotton production lucrative in 
semi-arid, central Texas. Roscoe was founded 
in 1881, originally named Vista. Texas cotton 
yields increased into the early-twentieth cen-
tury, boosted by the increasingly global market 
for American farm produce and subsidized by 
Federal Farm Aid.57 However, after a peak in 1920, 
Texas cotton production entered a prolonged 
decline.58 By the 1980s international competition 
combined with rising farm debt and weakening 
subsidy programs further hurt American cotton 
farmers. In 1994 President Clinton negotiated the 
North American Free Trade Agreement (NAFTA). 
Similar to other free trade agreements during 
this period, NAFTA reduced tariff protections 
for US farm goods and reduced border restric-
tions. This led to changes in the agricultural labor 
force and the consolidation of farm ownership. 
Agricultural communities like Roscoe went into 
sharp decline across the nation. Roscoe expe-
rienced significant population decline and an 
epidemic of farm foreclosures.59

57 William R. Hunt, “Roscoe, TX,” Encyclopedia of Texas, 
Texas State Historical Association, June 15, 2010, https://
tshaonline.org/handbook/online/articles/hjr13. Accessed 
9/25/2019.; See also Allan Jones, Texas Roots: Agriculture 
and Rural Life before the Civil War (College Station: Texas 
A&M University Press, 2005) and Neil Foley, The White 
Scourge: Mexicans, Blacks and Poor Whites in Texas Cotton 
Culture (Berkeley: University of California Press, 1999).
58 Hunt, “Roscoe, TX.”; Sheet 2, Roscoe, Nolan County 
Texas April, 1921 [map], Sanborn Fire Map Co, 1921, New York 
Dolph Briscoe Center for American History, University of 
Texas at Austin, Austin, TX.; Sheet 2, Roscoe, Nolan County 
Texas April, 1927 [map], Sanborn Fire Map Co, 1927, New York, 
Dolph Briscoe Center for American History, University of 
Texas at Austin, Austin, Texas. 
59 US Census, 2010, Selected Economic Characteristics, 
American Community Survey, Nolan County, Texas, 
Washington: Government Printing Office, 2017.

As globalized trade hurt rural Texas communities, 
many opted for energy development as an alter-
nate source of income. Some turned toward wind. 
Especially in Roscoe, strong economic incentives 
fueled residents’ support for wind production. 
According to social scientist Dan Van Der Horst, 
“residents of stigmatized places are more likely 
to welcome facilities that are relatively green.”60 
Put another way, economic need makes them 
more open to a disruption of the status-quo. 
Geographers Brannstrom et al. come to similar 
conclusions, arguing that people in West Texas 
have accepted wind development because they 
are generally less concerned with “landscape 
aesthetics.”61 It is true that in 2009 Roscoe res-
idents did not mount one of the most common 
complaints against wind turbine construction – 
that wind farms would irreparably damage the 
region’s sightlines. However, residents also did 
not simply ignore the visual changes brought by 
wind turbines. Rather, as we will see in the next 
section, they described wind development as 
a way to end the long-term economic decline. 
Such decline had been exacerbated in the 1980s 
and 1990s by the loss of American agricultural 
subsidies and a series of painful international 
trade deals. And, rather than simply accepting 
wind as a necessary response to globalization, 
they incorporated wind imagery into civic tra-
ditions as representative of local community 
prosperity and survival. 

A GRASSROOTS OPERATION IN GLOBAL 
CONTEXT

Initial support for the Roscoe Wind Farm was 
grassroots and was quickly picked up by the 
press. Cliff Etheredge, a sixty-five-year-old 
cotton farmer, became the local and national 
face of the campaign. Etheredge first took note 
of an uptick in Texas wind development in the 

60 Dan Van Der Horst, “NIMBY or Not? Exploring the 
Relevance of Location and the Politics of Voiced Opinions 
in Renewable Energy Siting Controversies,” Energy Policy, 
vol. 35, n° 5, 2007, 2705-2714.
61 Christian Brannstrom, Wendy Jepson and Nicole 
Persons, “Social Perspectives on Wind-Power Development 
in West Texas,” Annals of the Association of American 
Geographers, vol. 101, n° 4, 2011, 839-851.
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early 2000s. He was interested in the potential 
for wind power to augment his waning farm rev-
enue. Etheredge explained, “The more I studied 
it the more I learned that we had a world class 
wind resource here and there was no reason 
why we shouldn’t be able to develop this flat 
farm land.”62 Etheridge had little experience in 
energy production. Born and raised in Roscoe, 
he had lost an arm to a cotton harvester in his 
youth. According to Etheredge it was relatively 
easy to convince 400 of his neighbors to sign 
on. However, attracting investors was a bigger 
challenge.63 After traveling to New York City in 
2004, Etheredge was able to convince Airtricity, 
a Dublin-based wind energy startup to back the 
construction of a wind farm. General Electric, 
who at that time had already invested in three 
other Texas wind farms, also invested in initial 
construction. In 2007 E.ON bought Airtricity’s 
North American operations for $1.4 billion and 
would see the project to completion.64

Etheredge was interviewed many times by green 
energy promoters. In these interviews, Etheredge 
explained he was not put off by the potential 
changes to Roscoe’s skyline. Rather, he saw 
the turbines as geographically monumental, “I 
never did get up close to them but I could see 
them and I could see how big they were and 
how magnificent they were to me.” Etheredge 
explained in a 2013 interview, “Look at the rows, 
the lines. Those things are just spectacular.”65 
Other locals expressed a similar perspective. In 
2007 Daylon Althof, a farmer who had one turbine 
go up on his land described a change of heart, 
“My wife and I talked about this the other day. 
We were coming in from church, and she said, 
‘You know, at first I really thought they were kind 
of trashy looking. But the more I see these going 
up, they’re kind of beautiful because we know 

62 Mae-Nelson, “Cliff Etheredge” (cf. note 16).
63 Id.
64 “E.ON AG Buys Airtricity North America for $1.4 Billion,” 
Renewable Energy World, October 9, 2007, https://www.
renewableenergyworld.com/articles/2007/10/e-on-ag-
buys-airtricity-north-america-for-1-4-billion-50196.html. 
Accessed 9/25/2019.
65 Mae-Nelson, “Cliff Etheredge” (cf. note 16).

what they’re going to provide for the economy 
around here.’”66 

Etheredge also connected a sense of beauty 
to the prospect of money made. Etheredge 
explained in 2007, “We used to cuss the wind,” 
he says. “Killed our crops, carried our moisture 
away, dried out our land. But because of the 
advent of the wind farms, we’ve had a complete 
180-degree attitude change. Now, we love the 
wind.”67 While his enthusiasm might not be uni-
versal, there was undeniably lots of money to be 
made in wind power. Even better, the turbines 
were reported to have little impact on farm oper-
ations, preventing only the use of crop-dusters 
for the aerial spread of pesticides. As turbines 
went up, Roscoe officials quickly imbedded wind 
energy into local iconography. The town logo and 
website were redesigned to depict gently turning 
wind turbines.68 In 2007 a group of local indus-
try boosters formed the Roscoe Wind Council. 
That year they held a West Texas Wind Harvest 
Festival. Such programs reframed a multinational 
industry within established civic touchstones.69 

Such development is indicative of the maturity 
of wind power as a technology. It also signifies a 
global system of trade and energy transmission 
beyond early pioneers’ wildest dreams. Texas 
wind production has skyrocketed since 2010. In 
2012 Texas produced the most wind power of any 
state – approximately 22,637 megawatts. That 
year Texas had another forty wind farm projects 
under development. In 2013 Roscoe was at the 
center of this new wind boom. The surround-
ing Nolan county housed three of the largest 
windfarms in the world, producing five to six 
gigawatts – 5,000 to 6,000 megawatts -- within 
a single hundred-mile radius. By itself Nolan 
county was the second largest wind producer 
in the US, after the state of Texas as a whole. 

66 John Burnett, “Winds of Change Blow Into Roscoe 
Texas,” All Things Considered, NPR, November 27, 2007, 
https://www.npr.org/templates/story/story.php?sto-
ryId=16658695. Accessed 9/25/2019.
67 Id.
68 “City of Roscoe, TX,” http://roscoetx.com. Accessed 
9/25/2019.
69 Lifset, Energy Policy (cf. note 2).
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Texas proudly boasted it was the “for profit” wind 
energy leader in the United States. In 2017 wind 
powered 15.7 percent of Texas’s electrical needs 
and the number was only expected to increase.70 

Despite Texas’s American preeminence, by 2020 
the world’s largest wind energy companies were 
based in Denmark, China, and Germany. These 
multinational corporations built windfarms 
across the globe, generating power that they 
then sold to locals or to local distributers.71 For 
example, West Texas was just one part of a larger 
E.ON energy empire. E.ON was based in Essen, 
North-Rhine-Westphalia, the largest urban area 
in Germany. In 2000 it was formed through the 
merger of the second and third largest German 
utility companies, VEBA (United Electricity and 
Mining Corporation) and VIAG.72 This immediately 
made E.ON the third largest energy provider in 
Europe.73 E.ON Climate & Renewables operated 
six wind farms in the US, five of which were in 
Texas. E.ON also managed several other wind 
farms in the UK, Sweden, German, and Poland. 
In 2019 E.ON was also one of the largest inves-
tor-owned electric utility services provider in 
the world.74 It supplied electricity to 33 million 
customers in thirty countries. 

70 Mae-Nelson, “Cliff Etheredge” (cf. note 16); Public Utility 
Commission of Texas, “New Electric Generating Plants in 
Texas since 1995,” Austin, TX, https://www.puc.texas.gov/
industry/electric/reports/genplant/gentable.xls. Accessed 
12/17/20.
71 L. M. Sixel, “So, exactly how much electricity can 
Texas produce? No one knows and regulators are trying to 
find out,” Houston Chronicle, December 20, 2018, https://
www.houstonchronicle.com/business/energy/article/
So-exactly-how-much-electricity-does-Texas-13479452.
php. Accessed 9/25/2019.
72 Vereinigte Elektrizitäts und Bergwerks Aktiengesellschaft 
(VEBA). As a result, Germany deregulated its electric-
ity market in 2000. Peter Navarro, “Electric Utilities: The 
Argument for Radical Deregulation,” Harvard Business 
Review, January-February, 1996; Jim Rossi, “The Electrical 
Deregulation Fiasco: Looking to Regulatory Federalism to 
Promote a Balance Between Markets and the Provision of 
Public Goods,” Michigan Law Review, vol. 100, n° 6, 2002.
73 “German Utilities VEBA and VIAG to Merge,” CBS Market 
Watch, September 27, 1999, https://www.marketwatch.
com/story/german-utilities-veba-and-viag-to-merge. 
Accessed 9/25/2019.
74 T. Wang, “E.ON - Statistics & Facts,” June 11, 2018, 
https://www.statista.com/topics/1459/eon/. Accessed 
9/25/2019.

Both Roscoe landowners and municipal infra-
structures benefited from wind farm success. 
In Roscoe, wind farm tax revenue paid for ren-
ovations disproportionate to the town’s size and 
population. In 2013 the county approved reno-
vations to Roscoe’s 318-student, primary and 
secondary school. It had last been improved by 
the Works Progress Administration in the 1930s. 
Although student enrollment had stagnated in 
the intervening fifty years, beginning in 2013 
enrollment increased by forty students. County 
tax revenue from the wind industry funded the 
construction of a new sewer line through town.75 
Roscoe also saw a boom in the wind turbine 
service industry as Mitsubishi opened two tur-
bine service stations in Roscoe.76 The Roscoe 
windfarm itself employed seventy full-time ser-
vice and administrative staff.77 These jobs paid 
well. According to the Bureau of Labor Statistics, 
in 2018 West Texas employed 280 wind turbine 
technicians, mostly in Nolan county. That same 
year, the median pay for a wind farm service 
technician was twice the Nolan county median 
at $54,370 and required no college degree.78 The 
Texas wind industry remains on track for further 
expansion in the 2020s. 

TEXAS NATIONALISM AND GLOBALIZED WIND

This story of Texas wind energy expansion is fully 
imbedded within a national and global process of 
intellectual and commercial exchange that has 
remapped the relationships between individuals 
and the state in the twenty-first century. The 
regulation and management of shared resources 
sat at the heart of mid-twentieth century liberal 

75 Edwin Duncan, “City Sewer Line Upgrade Begins,” The 
Roscoe Hard Times, Roscoe, Texas, June 7, 2017, http://
roscoehardtimes.blogspot.com/2017/06/city-sewer-line-
upgrade-begins.html. Accessed 9/25/2019.
76 “Browsing Roscoe, TX Businesses,” US Business 
Directory, https://us-business.info/directory/roscoe-tx/. 
Accessed 9/25/2019.
77 “The Roscoe Wind Farm Project, Texas, USA,” Power 
Technology, https://www.power-technology.com/projects/
roscoe-wind-farm/. Accessed 9/25/2019; “Wind Turbine 
Technicians,” Occupational Outlook Handbook, Bureau of 
Labor Statistics, April 12, 2019, https://www.bls.gov/ooh/
installation-maintenance-and-repair/wind-turbine-tech-
nicians.htm. Accessed 9/25/2019.
78 Id.
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statehood.79 Deregulation in the 1970s loos-
ened state controls over a variety of industries 
including shipping and airlines, replacing the ico-
nography of a well-managed state with that of 
free-market consumer choice. Deregulation also 
coincided with an increasingly antagonistic rela-
tionship between industry and government in 
which US federal agencies became the enforc-
ers of new environmental and public health reg-
ulations. Rather than perceived as a partner in 
development projects, the state increasingly 
took on the role of adversary and hindrance.80 

Public antagonism towards this new role can 
be seen in the energy landscapes of the twen-
ty-first century. The network of electricity poles, 
generating stations, and tension lines that make 
up the electricity grid was no longer publicly 
lauded by policy makers as a marker of a suc-
cessful state, but rather indicative of one among 
many consumer choices. In previous decades, 
monumental infrastructure such as the Hoover 
Dam or the LCRA were used by state actors as 
symbols of inclusion and stability. However, as 
demonstrated in the previous section, interviews 
suggest that for Roscoe community members, 
the massive, at-times-intrusive turbines of the 
Roscoe Wind Farm did not provide the same 

79 For example, tighter controls on oil and gas produc-
tion began in 1930 and expanded over the next several 
decades. Municipalized infrastructure systems such as 
water and sewage shaped the geographies of industry and 
patterns of daily life and natural monopolies such as the 
telephone network and the energy grid were well publi-
cized private-public partnerships. Crucially however, such 
partnerships were designed to ultimately turn a profit, and 
after World War II such systems were increasingly impacted 
by Cold War fears about state-controlled resources. 
Adam Plaiss, “From Natural Monopoly to Public Utility: 
Technological Determinism and the Political Economy of 
Infrastructure in Progressive-Era America,” Technology and 
Culture, vol. 57, n° 4, 2016, 806-830; For broader analysis of 
these trends see “Space, Knowledge, and Power,” in Paul 
Rainbow (ed.), The Foucault Reader (New York: Pantheon 
Books, 1984), 239–56; James C. Scott, Seeing Like a State 
(New Haven: Yale University Press, 1998).  
80 For example, the US nuclear power industry is marked 
by a dramatic shift in the 1970s in which the Atomic Energy 
Commission became the Nuclear Regulatory Commission 
and was tasked with safety oversight in an era of increas-
ing nuclear opposition. Samuel Walker, Containing the 
Atom: Nuclear Regulation in a Changing Environment, 1963-
1971 (Berkeley: University of California Press, 1992).

political touchstones. Locals were proud of their 
savvy business decisions and described the tur-
bines as symbolic of their economic future – a 
perspective further indicated by the incorpo-
ration of turbines on town promotional mark-
ers. However, the state’s role in facilitating the 
industry was invisible. In interviews locals did 
not credit Texas green energy incentives or fed-
eral deregulatory trends for their construction.81 
Further, even though E.ON was a German com-
pany, the wind farm was described in the local 
press as a fundamentally local resource and 
avoided mentioning the Wind Farm’s European 
connections. This suggests a community desire 
to celebrate distinctly local forms of economic 
development. Avoidance of E.On, Mitsubishi, and 
other multinational corporations in municipal 
booster efforts suggest that the interdepen-
dence inherent in globalized energy production 
was a source of anxiety.

Beyond Roscoe, waning expectations for state 
involvement in infrastructure projects has cre-
ated new challenges for state and local govern-
ments. Just as utilities companies in the 1920s 
did not fund rural electrification because it was 
not profitable, in the 2010s electricity companies 
have avoided funding upgrades to the energy grid. 
Even though such improvements were known 
to be vital to wind development, high up-front 
costs meant that construction and mainte-
nance either was not completed or fell to state 
and municipal authorities who met with stiff 
pushback on development proposals.82 Case in 
point, in 2005 CREZ divided Texas into renew-
able energy producing zones and identified their 
viability for wind development. In 2015, the state 
began work on a massive project to extend high 
voltage transmission lines to rural areas with 

81 Mae-Nelson, “Cliff Etheredge” (cf. note 16); Burnett, 
“Winds of Change” (cf. note 66).
82 Infrastructure maintenance has become increasingly 
controversial. In 2018 catastrophic California wildfires were 
caused by utility company PG&E’s failure to clear brush 
and service electrical towers. For competing interpreta-
tions see Katherine Blunt and Russell Gold, ‘Safety Is Not 
a Glamorous Thing’: How PG&E Regulators Failed to Stop 
Wildfire Crisis,” Wall Street Journal, December 8, 2019; 
“California Wildfires: How PG&E Ignored Risks in Favor of 
Profits,” New York Times, March 20, 2019. 

40

41



STANFORD-MCINTYRE | THE SAUDI ARABIA OF WIND: DEREGULATION AND THE RISE OF WIND POWER IN TEXAS

JEHRHE #7 | VARIA P. 16

high wind generation potential. 83 Overall, since 
1995 the state has spent $25 billion to upgrade 
the Texas electricity grid.84 Opponents of such 
expenditures did not distinguish between elec-
tricity and other forms of commerce. Instead, 
they expressed frustration that so much state 
money was spent to benefit a single industry. 
Indicative of an effort to side-step controversy, 
the state of Texas has been comparatively slow 
to advertise these efforts. 

Decades of industry consolidation and deregu-
lation and the growing reach of energy multina-
tionals in an era of state invisibility have made 
ERCOT and the rigid geographic boundaries of 
the TRC into anachronisms. Historically, cham-
pions of the TRC described it as protecting state 
electricity producers from unnecessary and bur-
densome federal regulations. Supporters refer-
enced Texas’s history as an independent nation 
and a desire to retain autonomy over state nat-
ural resources. In the 1990s ERCOT regulators 
championed electricity deregulation as a way 
to boost Texas energy industries. However, as 
electricity providers became global entities, wind 
development presented a new challenge for 
ERCOT’s strictly enforced borders. In the 1980s, 
ERCOT’s geographic boundaries were challenged, 
and upheld in court, for the first time.85 Other 
cases followed. So far, E.ON and other multina-
tional wind developers have abided by Texas’s 
long-standing laws forbidding electricity sales 
across state lines. However, if trends in Europe 
and at the US-Canadian border are any indica-
tion, the days are numbered for Texas’s elec-
tric isolation.86 In this way, the globalization of 

83 Interim Order on Reconsideration, Commission Staff’s 
Petition for Designation of Competitive Renewable-Energy 
Zones, Docket 33672, Public Utility Commission of Texas 
(2008). ERCOT also oversees a network of backup natural 
gas power plants designed to kick on when wind turbines 
are not spinning. Jude Clemente, “The Great Texas Wind 
Power Boom,” Forbes, October 11, 2016, https://www.forbes.
com/sites/judeclemente/2016/10/11/the-great-texas-
wind-power-boom/#2bd41ef8c6aa. Accessed 9/25/2019. 
84 Kiesling and Kleit, Electricity Restructuring (cf. note 51). 
85 Staine, “CREZ II Coming to a Windy Texas Plain Near 
You” (cf. note 50).
86 For example, in 2000 the British company National 
Grid bought the Niagara Mohawk Power Corporation which 
supplied electricity for most of New York State. Barbara 

energy production and the rise of wind power 
challenged a very Texan – and very American -- 
myth of an autonomous, geographically distinct 
empire in which Americans alone maintain and 
benefit from domestic resources. While the way 
forward remains uncertain, it is clear that Texas’s 
precarious balancing act between a geographi-
cally distinct energy infrastructure, support for 
deregulation, and disavowal of state actors and 
state authority has created a gridlock that must 
be resolved.

CONCLUSION

In the mid-twentieth century, the complexity 
and expense involved in maintaining the energy 
grid seemingly necessitated natural monopoly 
and state actors harnessed the electricity infra-
structure as a symbol of national prestige. By 
the twenty-first century, electricity lost much 
of its ideological power as competition and 
then consolidation between energy companies 
was touted as a way to cut costs and increase 
efficiency. In this context, neoliberal electric-
ity deregulation beginning in the 1970s made 
the rise of Texas wind power possible. At the 
same time, such shifts were also the result of 
local responses to deregulation and globalization 
which transformed the rural Texas economy and 
sparked the decline of agricultural communities. 
Such a process vividly illustrates how political 
trends can simultaneously help and hurt com-
munities in unexpected ways. 

Roscoe’s excitement for wind development also 
suggests that Texas’s deep cultural and eco-
nomic ties to the oil industry are mailable. Over 
a period of years, the erosion of state protec-
tions made Texas agriculturalists unexpectedly 
interested in wind farming. 

Such developments provide hope for those con-
cerned about the ability of American energy pro-
ducing communities to survive a shift away from 
fossil fuels. However, it is important to remember 

Kollmeyer, “VIAG confirms in merger talks with VEBA,” CBS 
Market Watch, August 20, 1999, https://www.marketwatch.
com/story/viag-confirms-in-merger-talks-with-veba. 
Accessed 9/25/2019.
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that the intertwined trajectory of deregulation 
and the rise of wind power in Texas has had 
at best mixed results for consumers. Despite 
reassurances, consolidation and deregulation 
did not produce dramatic drops in consumer 
prices.87 While in 2019 Texas produced 28 per-
cent of American wind powered electricity, the 
fluctuating natural gas market simultaneously 
made consumer prices more volatile than ever.88 
Further, instead of free competition, for the most 
part deregulation only expanded the scale of 
utility mergers and consolidation. As of 2019, the 
top three utility companies still dominate 75 per-
cent of the Texas electricity market.89 Making 

87 Kollmeyer, “VIAG confirms in merger talks with VEBA” 
(cf. note 86).
88 “Texas Profile Overview,” US Energy Information 
Administration, https://www.eia.gov/state/?sid=TX. 
Accessed June 24, 2020.
89 Of these, fifty percent is controlled by the old, verti-
cally integrated utility companies. Sioshansi, Evolution of 
Global Electricity Markets, Chapter, 10. (cf. note 5); Hughes, 
Networks of Power (cf. note 6); A. Al-Sunaidy and R. Green, 
“Electricity deregulation in OECD (Organization for Economic 
Cooperation and Development) Countries,” Energy, vol 31, 
n° 6–7, 2006, 769-787; Kiah Collier, “Texas is using a record 
amount of electricity. Could demand outpace supply?,” Fort 
Worth Star Telegram, July 22, 2018, https://www.star-tele-
gram.com/news/state/texas/article215328850.html. 
Accessed 9/25/2019.

matters worse, the viability of this new energy 
system was put to the ultimate test in February 
of 2021 as a state-wide freeze shut down nat-
ural gas lines and left most of Texas without 
power. As electricity became scarce, consumer 
prices skyrocketed to record highs. As wind 
power continues to grow in Texas and across 
the Plains states and renewables increasingly 
shape American energy politics, it is vital that 
we remember that the structure and organiza-
tion of power providers matters just as much 
as the energy source. Equitable communities, 
states, and nations are built upon stable energy 
systems. 
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“Advantage is to be seen in the fact that the 
student can immediately overlook the basic 
structure of the reactor and thus understand 
the physically important relationships.”1

This article will discuss a rather atypical kind 
of a nuclear export, which, however, became 
effective in a very pragmatic way: through the 
development and dissemination of the SIEMENS 
type SUR-100 teaching reactor. The SUR-100 
was intended to give engineering students in 
Germany, Argentina and Mexico “as broad a spec-
trum of experience as possible for later use”.2

This topic is interesting for the consideration of 
energy history because it represents an import-
ant chapter in the development of “stirrup hold-
ers”. Exporting states of technical solutions for 
the civil use of nuclear energy used the gift of 
research and training reactors to emerging and 
developing countries because they hoped sci-
entific personnel at the training facilities could 
practice on special technical designs of the 
research reactors and the ‘generous’ gesture 
would lead to governments opting for the pur-
chase of reactors of the exporting country for the 
construction of nuclear power plants (especially 
the USA chose this way of ‘mild gift’ to emerging 
countries, an example is Morocco).3

The topic of the German export of teaching 
reactors to developing and newly industrializ-
ing countries has not yet been investigated, nor 
has the history and use of the Siemens SUR-100 
teaching reactor in general. This article aims to 
clarify both open points. Not only have archi-
val records in the Federal Archives in Koblenz 
not been used to date, but inquiries have been 
made to all university archives as well as chairs 
that formerly operated the SUR-100 in Germany, 

1 Gerd Grenz, Systematische Untersuchung zur Frage 
der optimalen Nutzung eines Unterrichtsreaktors für 
Ausbildungszwecke unter Berücksichtigung der fachli-
chen Anforderungen der Industrie an die Absolventen. 
Forschungsberichte des Landes Nordrhein-Westfalen Nr. 
1954 (Opladen: Westdeutscher Verlag, 1968), 14.
2 Ibidem., 8.
3 Matthew Adamson, “Orphaned atoms: The first 
Moroccan reactor and the frameworks of nuclear diplo-
macy,” Centaurus, vol. 63, n°2, 2020.

Mexico, and Argentina, and materials have been 
evaluated. There has been no secondary litera-
ture on the subject, and many archives have yet 
to receive requests to inspect records. At a few 
institutions, the SUR-100 is still in operation, so 
the writing of history has not yet begun.

The article first presents the development and 
design of the SUR-100 and then details the polit-
ical intentions that led to the West German 
government’s gift to developing and emerging 
countries.

PRECONDITIONS AND DEVELOPMENT OF THE 
SUR-100

In the late 1950s, the need for training opportu-
nities in the field of reactor technology increased 
in universities within the Federal Republic of 
Germany.4 Due to international embargoes after 
World War II, German universities were not 
allowed to engage in the research and develop-
ment of nuclear technology on a larger scale until 
1955. As a result, there was an enormous need 
to catch up with other industrialized nations. 
The first German nuclear research reactors still 
had to be imported from the USA.5 

Although the first faculty chairs for reactor tech-
nology were approved in 1955, they remained 
unfilled for a long time, e.g., at RWTH Aachen 
University of Technology, because there were no 
suitable candidates with German language skills 
due to a lack of previous training in the field. It 
was possible to study reactor technology as early 
as 1955, however this was carried out primarily by 
lecturers within the industry, not from academic 
institutions.6 There was an additional lack of qual-
ified engineers for several years and no facili-
ties in which to train future engineers in isotope 
technology and reactor construction. However, 
engineering students increasingly needed to be 

4 Ibidem., 3.
5 Michael Eckart, “Die Anfänge der Atompolitik in 
der Bundesrepublik Deutschland”, Vierteljahreshefte für 
Zeitgeschichte, vol. 37, n° 1, 1989, 43.
6 Minutes of the Senate Meeting of RWTH Aachen 
University, February 21, 1963, RWTH Aachen, University 
Archives Sig. N0106-B., p. 7f.
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familiar with the fundamentals of nuclear tech-
nology, and especially reactor safety.7

The job profile of the engineer was also chang-
ing at that time. Classical mechanical engineer-
ing students or budding designers increasingly 
became development and research engineers 
working in laboratories. Above all, the devel-
opment of reactor physics and thermodynamic 
calculations for reactor designs were among the 
new central tasks for future engineers in nuclear 
technology.8

In the 1960s, reactor physics and reactor tech-
nology were introduced into the curricula of var-
ious German universities and technical colleges: 
“In a subject which, in some respects, is based 
on very complex phenomena that have hardly 
entered into everyday experience, it is necessary 
that, in addition to the transmission of knowl-
edge in lectures and exercises, the most import-
ant findings should also be deepened by means 
of well-prepared and properly equipped practical 
courses,” writes Grenz (1968). A nuclear reactor 
that could be operated only for teaching pur-
poses and as a demonstration piece presented 
itself as an “ideal opportunity” for universities. 
The SUR-100, whose first prototype was commis-
sioned in 1961 at the SIEMENS-Schuckertwerke 
reactor station in Garching, remained the only 
demonstration reactor of this type and size 
offered in Europe until the late 1960s. It was set 
up in the reactor station next to the SIEMENS 
Argonaut Research Reactor (SAR), which had 
been in operation since June 1959.9 Comparable 
teaching reactors of this type were available only 
in the USA at that time.10

7 Grenz, Systematische Untersuchung (cf note 2), 7.
8 Ibidem., 9.
9 Günter Hildenbrand, “Der SIEMENS-Unterrichts-Reaktor 
SUR-100”, Sonderdruck aus der SIEMENS-ZEITSCHRIFT, vol. 
35, n°4, 1961, 224-227.
10 Letter from SIEMENS-Schuckertwerke to the Managing 
Director of the German Reactor Safety Commission at the 
Federal Ministry for Nuclear Energy and Water Management, 
April 7, 1961. Bundesarchiv Koblenz; B 138/3369, Bd. 
51961, Bandnummer 5: “Vorschläge für die Durchführung 
kerntechnischer Praktika unter Verwendung des SIEMENS-
Unterrichtsreaktors SUR 100”, Aktenzeichen 1901-431, 
Organisationseinheit II D, Bezugsjahr 1961, p. 160.

In October 1961, a first, positive expert opin-
ion was issued on the safety of the SUR-100 
in Garching. As a result, the TU Berlin and the 
Technische Hochschule Darmstadt were the first 
universities to order a SUR-100 from SIEMENS. 
In January 1961, the RWTH Aachen University of 
Technology also submitted an application to the 
Federal Ministry for Scientific Research for the 
provision of funds to procure a teaching reactor. 
At that time, acquisition costs for such reactors 
could reach up to DM 800,000, and financing for 
the reactor was insufficient. An acquisition was 
therefore uncertain, since a sum of only 400,000 
DM was made available by the Ministry.11 Since 
the SUR-100 was launched in the same year, 
and only cost 400,000 DM, the Senate of RWTH 
Aachen approved the purchase of the SUR-100 
as a “teaching aid”, since it did not represent a 
research facility in the classical sense.12

On July 17, 1963, at 17:19, the SUR-100 at the 
University of Technology Berlin became the first 
regular German training reactor to go critical.13 
The SUR-100 was also the first reactor ever to 
be built by a German company without foreign 
assistance. The possible applications of this new 
zero-power reactor were exclusively in the fields 
of teaching and training. It was to be used at the 
TU Berlin mainly for reactor physics experiments 
and as a neutron source. For the first time, it also 
offered the opportunity for one to become famil-
iar with the basics of radiation protection mea-
surement as part of one’s studies: “Specialized 
training at the large reactor centers will therefore 
be all the more fruitful the more one can already 
build on basic knowledge.“14 With regards to the 

11 Minutes of the Senate Meeting of RWTH Aachen 
University, February 21, 1963. RWTH Aachen, University 
Archives Sig. N0106-B, p. 7f.
12 Minutes of the Senate Meeting of RWTH Aachen 
University, May 16, 1963. RWTH Aachen, University Archives 
Sig. N0106-B., p. 6f.
13 Telegram from the TU Berlin to the German Atomic 
Commission vom 17. Juli 1963. Bundesarchiv Koblenz; B 
138/3369, Bd. 51961, Bandnummer 5: “Vorschläge für die 
Durchführung kerntechnischer Praktika unter Verwendung 
des SIEMENS-Unterrichtsreaktors SUR 100”, Aktenzeichen 
1901-431, Organisationseinheit II D, Bezugsjahr 1961, p. 5.
14 Press release of SIEMENS AG: “Auftrag für den 10. 
SIEMENS-Unterrichts-Reaktor”, AR 74 80-6603 HRO 
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nuclear industry, the demand for qualified engi-
neers in this field had steadily increased. In a field 
which, in some respects, is based on very com-
plex phenomena that have hardly entered into 
everyday experience, it is necessary that, in addi-
tion to the transmission of knowledge in lectures 
and exercises, the most important findings are 
also deepened with the aid of well-prepared and 
properly equipped practical courses. The develop-
ment of a nuclear reactor, which has been spe-
cially designed for teaching purposes, offers the 
ideal opportunity to make such a practical course 
versatile and practical. 15

Teaching will always remain one-sided and the-
oretical without the inclusion of experimental 
demonstrations. The ever-closer relationship 
between science and technology, as well as the 
increasingly necessary cooperation of different 
working groups (teamwork), require a language 
that is as common as possible to all participants 
(...). Specialized training at large reactor centers 
will be all the more fruitful the more the trainees 
become familiar with the basic facts.“16 Set-up 
and instrumentation were explained directly at 
the reactor.17

KEY TECHNICAL DATA OF THE SUR-100 

The SUR-100 was a so-called “homogeneous ther-
mal reactor” with a standard power of 100mW (cf. 
fig.1). It differed from other research reactors of 
the period by its much lower power. One advan-
tage was the low purchase and operating costs, 
as well as the possibility to choose a normal 
room within the university as the location for the 
reactor, even in a densely populated urban envi-
ronment (at the University of Technology Berlin/
TU, for example, the SUR-100 was located only a 
few hundred meters away from the Zoologischer 
Garten station, the center of West Berlin). The 
“otherwise usual extensive security measures” 
could also be dispensed with.18

(undated, probably 1965/66). SIEMENS Historical Institute 
Berlin – Siemensstadt.
15 Grenz, Systematische Untersuchung (cf note 2), 3. 
16 Hildenbrand, Unterrichts-Reaktor (cf note 9), 226. 
17 Grenz, Systematische Untersuchung (cf note 2), 21.
18 Ibidem., 14.

The extremely low power of the SUR-100 is also 
the main reason why it is not to be spoken of 
as a research reactor, but as a teaching object. 
Research reactors could not serve additional 
educational purposes as they were too expensive 
to operate and their capabilities had to remain 
available for scientific experimentation.19 

The SUR-100, on the other hand, was designed 
from the outset as a training reactor, and thus 
represented a special feature among European 
designs. As already mentioned, it was devel-
oped as a so-called zero-power reactor, which 
prospective engineers were able to study within 
the framework of a practical course within their 
programmes. Since it was assumed that many 
graduates would later be more involved with 
reactor technology in the industry, a reactor had 
to be built that met the requirements of indus-
try but was constructed in a way that ensured 
enough space for teaching and use in university 
buildings.20

19 Ibidem.
20 Ibidem, 7.

13

14

11

Figure 1: Siemens teaching reactor in model. Source: 
Siemens Historical Institute. 
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The moderator fuel plates of the reactor core 
were surrounded by a graphite reflector. A por-
tion of this reflector on the reactor core was 
enclosed gas-tight by a reactor vessel. The SUR-
100 was shielded with a lead casing. The reactor 
vessel, which formed the outer structure of the 
reactor, was filled with an aqueous boric acid 
solution. The reactor was controlled by two con-
trol plates made of cadmium. They were located 
opposite each other on the reactor vessel. Both 
the drive for the control plates and the drives for 
the neutron source and for the core hoist were 
located below the core. There were five experi-
mental channels and a thermal column located 
vertically above the core (cf. fig.2). The SUR-100 
did not require external cooling. In addition, no 
contaminated waste was generated by the reac-
tor’s operation. 21

A particular advantage of the training at the SUR-
100 was that students could qualitatively study 
the typical behavior of a reactor. They were able 
to perform the individual operations themselves 
at the control panel under the supervision of an 
assistant.22 Within 20 sessions, students were 
able to accumulate detailed knowledge on reac-
tor technology through the use of the SUR-100.23

The following exercises at the SUR-100 were 
developed and carried out: experiments on beta 
radiation, gamma absorption, layer thickness 
measurement, gas flow meter, measurement 
on a coincidence arrangement, and the detec-
tion of neutrons. In addition, so-called start-up 
exercises, consisting of control rod calibration 
and neutron flux density distribution in the reac-
tor.24 The practical course with the SUR-100 
was structured in such a way that al l 
aspects could be trained in equal detail and 

21 Untersuchung im Auftrag des Bundesministers für 
Forschung und Technologie. Förderungskennzeichen 02 
S 7021 6: Stilllegung und Beseitigung von Forschungs-, 
Materialprüf- und Unterrichtsreaktoren. Bericht Nr. 633. 
Frankfurt: NIS Nuklear-Ingenieur-Service; Abschnitt 6.1.1. 
von Petrasch, P.; Seidler, M.; Stasch, W. (1983) – Part of the 
file Bundesarchiv Koblenz, Bestand B/196/160885, Standort 
10, Magazin I 3A  E.2.03, Reihe 262.
22 Ibidem., p. 23.
23 Ibidem., p. 32.
24 Ibidem, p. 34f.

thoroughness.25 SIEMENS developed a “compre-
hensive experiment book with theoretical basics 
and suggestions for practical experiments:

“According to its structure, the application pos-
sibilities of the reactor lie in the field of teach-
ing and training, whereby the reactor (...) itself 
serves as an object for demonstration and prac-
tice, (...) [which is why] the student becomes 
familiar with the basic structure and operating 
behavior of reactors by becoming acquainted 
with and commissioning the reactor”.26

The reactor also had a central function for 
diploma and degree theses. For companies, 
however, it was less interesting which exper-
iments the graduates carried out during their 
studies, but rather that they had already had 
contact with reactor technology (the work on 
the SUR-100 also had nothing in common with 
work on a research reactor), since many more 
specific questions could be clarified using a 
research reactor than could be in experiments 
using the small teaching reactor. The SUR-100 
was not used as a research reactor in the clas-
sical sense but had the sole function of bring-
ing young people closer to nuclear technology 
and training them in reactor safety. The aim was 
not only to inspire the students to work in the 
nuclear industry, but also to make them attrac-
tive as candidates for industry after graduation.27

At the Bremen Academy of Engineering, where the 
tenth SUR-100 was set up in 1967, nuclear tech-
nology was a compulsory subject in the training 
courses for electrical engineers, mechanical engi-
neers, shipbuilders and marine engineers. 28 The 
SUR-100 was therefore the most important prac-
tical and illustrative tool in these fields of study.29

25 Ibidem, p. 38.
26 Hildenbrand, Unterrichts-Reaktor (cf note 9), 5.
27 Grenz, Systematische Untersuchung (cf note 2), 8.
28 On 11 October 1968, the German nuclear energy 
research ship “Otto Hahn” was put into operation, and its 
operation was also accompanied by the Bremen University 
of Applied Sciences.
29 Alfred Becker, Kerntechnik in der Ingenieurakademie 
Bremen. Bremen und seine Ingenieure 1969. Festschrift zur 
75-Jahr-Feier der Ingenieurakademie der Freien Hansestadt 
Bremen (Bremen: 1969), 111-112.

18
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30 Renate Meyer-Braun, Ronald Mönch (eds.), Vom Technikum 
zur Hochschule Bremen, 100 Jahre Ingenieurausbildung in 
Bremen (Bremen: Hausschild, 1994), 120.
31 Location: Schloßgartenstraße, Bauwerk 18.
32 Another special feature of the Darmstadt reactor, apart 
from its higher output, was the lupol granulate filling of the 
reactor vessel (instead of the aqueous boric acid solution) 
and an additional concrete shell.
33 SIEMENS-Unterrichtsreaktor (SUR 100) der TH 
Darmstadt.- Genehmigungs- und Überwachungsverfahren; 
Bundesarchiv, BArch B 138/4943: Aktenzeichen: 5531-321.
34 https://sftp.hs-furtwangen.de/~neutron/labore.html 
retrieved on 15.1.2021.
35 As a prototype at the SIEMENS-Schuckert-reactor 
station in Garching.
36 Letter from SIEMENS to the Bundesministerium 
für wissenschaftliche Forschung vom 3. Oktober 1969; 
Bundesarchiv Koblenz, B 196/2785, Unterrichtsreaktor SUR 
100 der SIEMENS-Schuckert-Werke AG, Garching.- Übergang 
der Reaktoren SUR und SAR in das Eigentum des Freistaates 
Bayern 1969, Aktenzeichen 5531-30, p. 2
37 In 1989-1991, there were discussions about sending 
the dismantled reactor to Tunisia. Bundesarchiv Koblenz, B 
196/110602. Tunesien.- Verhandlungen der TU München über 
den Transfer eines SIEMENS-Unterrichtsreaktors SUR-100, 
1989 – 1991, Aktenzeichen 9442-9; p. 223.

38 Desarrollar la produccion de energia nuclear; necesidad 
inaplazable. Gaceta UNAM (Magazine of the Universidad Nacional 
Autónome de Méxiko), IV (39): June 23, 1972 issue, p. 1f.
39 Location: Main building of the engineering school, 
Berliner Tor 21.
40 http://www.mp.haw-hamburg.de/ing100/reaktor.html, 
retrieved on 15.1.2021.
41 Video of the demolition of the SUR-100: https://www.
youtube.com/watch?v=dxgjkB4ApjM retrieved on 15.1.2021.
42 It is now on display in the Mannheim State Museum 
of Technology and Labour; Bildstelle Forschungszentrum 
Karlsruhe 28028, Signatur: 11502: Abtransport des SIEMENS 
Unterrichtsreaktor (SUR) 100 aus dem Fortbildungszentrum für 
Technik und Umwelt (FTU) als Abgabe an das Landesmuseum 
für Technik und Arbeit in Mannheim, 23.02.1999.
43 Location: Institut für Strahlenmesstechnik, Prittwitzstraße 10.
44 https://studium.hs-ulm.de/de/org/ism retrieved on 15.1.2021.
45 https://www.zeit.de/campus/2008/01/ingenieure-ue-
bungsreaktor retrieved on 15.1.2021.
46 Untersuchung im Auftrag des Bundesministers für 
Forschung und Technologie. Förderungskennzeichen 02 
S 7021 6: Stilllegung und Beseitigung von Forschungs-, 
Materialprüf- und Unterrichtsreaktoren. Bericht Nr. 633. 
Frankfurt: NIS Nuklear-Ingenieur-Service, p. 16 and 
“Auflistung kerntechnischer Anlagen in der Bundesrepublik 
Deutschland”. Bundesamt für die Sicherheit der nukle-
aren Entsorgung, Part of the file Bundesarchiv Koblenz; B 
196/160885 Bandnummer 1. Aktenzeichen 5561-2.

16

Location Service Commissioning Decommissioning 
/ Dismantling

RWTH Aachen 100 mW 1966 2002-2008
TU Berlin 100 mW 1963 2000-2021
Hochschule Bremen 100 mW 196730 1993-1997
TU Darmstadt31 800 mW32 196333 1989-1996
HFU Furtwangen 100 mW 1973 In operation34

TU München 100 mW

196135 at 
Garching; 1969 
Transfer to the 
TU36

1981-199837

Universidad 
Nacional Autónome 
de Méxiko38

100 mW 1972

Hochschule für 
Angewandte 
Wissenschaften 
Hamburg39

100 mW 196540 199941

Leibniz-Uni 
Hannover 100 mW 1971 2008-2021

Karlsruher Institut 
für Technologie 
(KIT)

100 mW 1966 1997-199942

FH Kiel 100 mW 1966 1997-2008

Universidad 
Nacional de 
Rosario (Argentina)

100 mW

1971 in Buenos 
Aires, relocation 
and start-up in 
Rosario 1973

In operation

Uni Stuttgart 100 mW 1966 In operation

THU Ulm43

100 mW, 
but can be 
increased 
up to 1 W 
for a short 
time.44

1965 In operation45

Table 1: Sites of SUR-100.46 Figure 2: Longitudinal section through the Siemens teaching 
reactor. Source: Siemens Historical Institute. 
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THE SUR-100 AS A FORM OF “DEVELOPMENT 
AID”

In June 1967, Department III C 2 of the German 
Foreign Office considered donating a research 
reactor to a developing country through the IAEA. 
In the budget for 1968, 200,000 DM had been 
budgeted for this purpose. However, it was stip-
ulated that the reactor should not be just a gift, 
but rather that it should also be used locally for 
teaching purposes and be available to as many 
students as possible. In addition, ten scholar-
ships were to be made available, in order to 
enable foreign students to complete an intern-
ship in a German company for three months.47

Government Director Zelle from the Federal 
Ministry for Scientific Research then asked 
SIEMENS whether it would be possible to acquire 
the SUR-100 as a development aid. SIEMENS 
offered the Ministry a training reactor with an 
output of 100 mW for 370,000 DM and recom-
mended that a developing country be selected 
that would also be interested in nuclear power 
plants in the future. SIEMENS first suggested 

47 Note: Stärkung des deutschen Einflusses in der IAEO 
vom 14. Juni 1967; Bundesarchiv Koblenz; B 138/4753; 
Lieferung eines SIEMENS-Unterrichtsreaktors SUR 100 an 
Argentinien als deutscher Beitrag, 1966 – 1972, Aktenzeichen 
9620-21, Organisationseinheit I B 3, Bezugsjahr 1971.

Greece or Turkey, since both countries had 
expressed interest in the SUR-100 in previous 
years.48 In the months that followed, discussions 
were held with SIEMENS to determine which 
countries might be considered. Romania, Spain, 
Mexico and Argentina were also considered.49 

However, the SUR-100 was not exported solely 
with the altruistic goal of development aid, but 
rather target countries were deliberately selected 
on the basis of which governments were hoped 
to begin their own nuclear programs.

After a discussion between Federal Minister 
Stoltenberg and the Argentine Minister of Economics, 
the Foreign Office recommended to the Federal 
Ministry of Scientific Research on November 21, 
1967, that Germany give Argentina a SUR-100 and 
that cooperation in the field of nuclear energy be 

48 Letter from Dr. Hildenbrand, SIEMENS to Government 
Director Zelle at Bundesministerium für wissenschaftliche 
Forschung vom 25. Juli 1967; Bundesarchiv Koblenz; B 138/4753; 
Lieferung eines SIEMENS-Unterrichtsreaktors SUR 100 an 
Argentinien als deutscher Beitrag, 1966 – 1972, Aktenzeichen 
9620-21, Organisationseinheit I B 3, Bezugsjahr 1971.
49 Partial draft “German gift of a teaching reactor”, Federal 
Foreign Office, Division III C 1 / III C2. Bundesarchiv Koblenz; 
B 138/4753; Lieferung eines SIEMENS-Unterrichtsreaktors 
SUR 100 an Argentinien als deutscher Beitrag, 1966 – 1972, 
Aktenzeichen 9620-21, Organisationseinheit I B 3, Bezugsjahr 
1971,  p. 546.

Figure 3: SUR-100 displayed at the Landesmuseum für Technik und Arbeit Mannheim 
(originally from the Forschungszentrum Karlsruhe). © Technoseum]
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expanded.50 In a letter from the Foreign Office, it 
is stated that Argentina has a well-developed eco-
nomic and social structure and has reached a sci-
entific level such that a “fruitful evaluation” of a 
SUR-100 would be expected and would bring the 
potential for Argentina to develop its own nuclear 
projects.51 The decisive factor, however, was prob-
ably the fact that the president of the Argentine 
Atomic Energy Commission, Admiral Quihillalt, had 
informed the German minister shortly beforehand 
that Argentina intended to build its first nuclear 
power plant near Buenos Aires, and that SIEMENS 
and AEG would participate in addition to U.S. com-
panies. The Foreign Office hoped that Argentina 
might decide in favor of German nuclear power 
plant technology after the donation of the SUR-
100.52 Whether this fact led to SIEMENS actually 
securing the contract for the construction of the 
power plant in Argentina in 1968 is unclear.

The conditions for the export of the SUR-100 
stipulated that physicists from the target coun-
tries would come to Germany for “teaching”. The 
means of travel for the physicists were usually 
handled bilaterally between Germany and the 
target country. 

MEXICO

As a special form of development aid, on May 15, 
1969, the Mexican government asked the FRG to 
export a SIEMENS teaching reactor to Mexico. 53 
This was preceded by a study by the Stanford 
Research Institute, which had concluded that 
nuclear power plants could be attractive for 

50 Note: Zusammenarbeit auf dem Kernenergiegebiet 
mit Argentinien, Schenkung eines SIEMENS-Unterrichts-
Reaktors SUR 100 vom 18. November 1968; Bundesarchiv 
Koblenz;  B 138/4753;  L ieferung eines SIEMENS-
Unterr ichtsreaktors SUR 100 an Argentinien als 
deutscher Beitrag, 1966 – 1972, Aktenzeichen 9620-21, 
Organisationseinheit I B 3, Bezugsjahr 1971, p. 547.
51 Note: Geschenk eines SIEMENS-Unterrichtsreaktors 
an ein Entwicklungsland vom 21. November 1967; Ibidem, 
p. 552.
52 Ibidem, p. 556.
53 La republica federale de Alemania dono un reactor a la 
UNAM. Gaceta UNAM (Zeitschrift der Universidad Nacional 
Autónome de Méxiko), IV (8): Issue from September, 27th, 
1972, p. 1f.

developing countries such as Mexico.54 On the 
German side, SIEMENS and AEG expressed inter-
est in exporting nuclear power plant technology, 
and merged to form Kraftwerk Union AG (KWU) 
on April 1, 1969..55 At the same time, the Mexican 
Ministry of Foreign Affairs asked whether the 
Federal Republic could donate a teaching reac-
tor to the Mexican State University within the 
framework of German technical assistance and 
send a German expert to complete the job.56 
The ambassador wrote to the German Ministry 
for Economic Cooperation: “If we succeed in 
making a breakthrough for German technol-
ogy in this field in Mexico as well, following our 
success in Argentina, where we installed the 
first Latin American power plant reactor, favor-
able starting points for German exports would 
be created.“57 The application was approved in 
July 1969. At that time, SIEMENS had already 
received an order for a 600 MW nuclear power 
plant in Mexico, with completion scheduled for 
1975. The donation of a SUR-100 to Mexico, the 
second largest university in Latin America with 
45,000 students, was to be carried out within 
the framework of educational aid, since a proj-
ect to build up a university was seen as pri-
marily oriented to the teaching effect.58 Prior to 
this, it was clarified and contractually agreed to 
that the future construction of nuclear power 
plants was an integral part of Mexico’s current 
energy policy and that the main benefit of the 
SUR-100 was to teach scientists and engineers 

54 For a detailed study of the history of peaceful nuclear 
energy use in Mexico, see: Gisela Mateos, & Edna Suárez-
Díaz, “Peaceful Atoms in Mexico,” in Eden Medina, Ivan 
da Costa Marques, and Christina Holmes (eds.), Beyond 
Imported Magic: Essays on Science, Technology, and Society 
in Latin America (Cambridge: MIT Press, 2014).
55 Project Kernkraftwerk Mexiko. Bundesarchiv Koblenz, 
B/213/17495, Standort 10, I 4 A 1.2.03, Reihe 116. Bd. 28 T 
2032 Mexiko: Förderung des höheren Erziehungswesens.- 
Lieferung eines Unterrichtsreaktors für die Universität 
Autonoma de Mexiko
56 Letter from the German Ambassador to Mexico dated 
May 28, 1969, Bundesarchiv Koblenz, B/213/17495, Standort 
10, I 4 A 1.2.03, Reihe 116.
57 Ibidem.
58 Letter from ORR (Chief Regent) Schlüter to RegAss 
(Government Assessor) Stieler dated July 22, 1969.; 
Bundesarchiv Koblenz, B/213/17495, Standort 10, I 4 A 1.2.03, 
Reihe 116.
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the process of flow measurement and counting 
and safety technology.59 The first offer for the 
assembly of the SUR-100 in Mexico was 700,000 
DM, much higher than for the Argentine reactor. 
The reactor was scheduled to be shipped from 
West Germany to Mexico in July 1972. Mexican 
scientists were invited to the SUR-100 reactors 
in Karlsruhe, Darmstadt and Hannover for train-
ing purposes.60

The SUR-100 was shipped from Bremen to Mexico 
on the MS Taifun on July 1, 1972.

On September 25, 1972, the reactor was handed 
over to the Mexican authorities and, after a 
test phase, went critical.61 However, the train-
ing of nuclear engineers at SUR-100 in Mexico 
was briefly discontinued as early as 1973, as the 
expansion of nuclear energy in Mexico was post-
poned for the time being due to sufficient alter-
nate energy sources.62

ROSARIO, ARGENTINA

Argentina was selected as the recipient of a SUR-
100 as it was considered to be the leading nation 
in nuclear technology in Latin America in the late 
1960s. Nuclear research initially began in 1957 with a 
small RA-1 research reactor.63 The SUR-100 became 
the fourth reactor in the country (and numbered 
accordingly: RA-4; cf. fig.3). A first commercial 
nuclear power plant in Atuca (in operation since 

59 Letter from LR I mark 2797 dated October 14, 1969.; 
Bundesarchiv Koblenz, B 138/4773, Technische Hilfe.- 
Lieferung eines Reaktors SUR 100 an Mexiko 1969 – 1972, 
Aktenzeichen 9622-2 I B 4.
60 Letter from the German Foreign Office to the 
Bundesminister für Bildung und Wissenschaft vom 24. 
Februar 1971; Bundesarchiv Koblenz, B 138/4773, Technische 
Hilfe.- Lieferung eines Reaktors SUR 100 an Mexiko 1969 – 
1972, Aktenzeichen 9622-2 I B 4.
61 Final Report Projekt 66.2519.8. Lieferung eines 
Unterrichtsreaktors SUR 100 Nationaluniversität Mexiko. 
Bundesarchiv Koblenz, B/213/17495, Standort 10, I 4 A 1.2.03, 
Reihe 116. 
62 Note. Förderung des höheren Erziehungswesens in 
Mexiko; Bundesarchiv Koblenz, B/213/17495, Standort 10, I 
4 A 1.2.03, Reihe 116.
63 Carlos Ruben Calabrese (1999). Research reactors in 
Argentina (INIS-XA-C--028). International Atomic Energy 
Agency (IAEA).

1974) was already under construction when the 
German ministries considered the donation of a 
SUR-100 and the order was received by SIEMENS.64

The delivery of the SUR-100 to Argentina was com-
pletely financed by West Germany. After installation 
at the destination, the Argentine personnel were 
to be trained by German specialists during a five-
day trial operation.65 The costs of installation and 
dispatch were also borne by the German side. By 
December 1969, the SUR-100 intended for Argentina 
was ready for shipment in Germany. However, the 
first Argentine personnel to be deployed at the SUR-
100 in Rosario had not yet been sent to Germany 
for training purposes at that time and in July 1970 
the reactor was still in Germany. 66

The costs for the Argentines’ trip to the FRG were 
covered by the Fund for Vocational Training and 
Further Education of Nationals from Developing 
Countries of the FRG. The stay was planned for 
six to eight months.67 As the documents show, 
it was particularly important to both the German 
ministries and SIEMENS that the Argentines 
came to Germany to learn about German reac-
tor technology and meet professional colleagues. 
The visit of the two reactor technicians for train-
ing in Germany was to be planned in such a 
way that their trip would not end until the SUR-
100 arrived in Argentina. On September 22, 1970, 
SIEMENS finally handed over the reactor to the 
Federal Minister of Education and Science for a 
purchase price of 400,000 DM, including “free 
installation on site within Argentina.”68

64 Information from the staff team Oscar Peire, University 
of Rosario on November 3, 2020.
65 Contract between the FRG, Federal Minister for 
Scientific Research and the SIEMENS Company dated 
September 26, 1968; Bundesarchiv Koblenz, B/213/17495, 
Standort 10, I 4 A 1.2.03, Reihe 116.
66 Letter from Dr. Monnicken to the Foreign Office, 
Department IIIA, July 31, 1970.; Bundesarchiv Koblenz B 
138/4753. Lieferung eines SIEMENS-Unterrichtsreaktors 
SUR 100 an Argentinien als deutscher Beitrag, 1966 – 1972; 
9620-21 I B 3, Bezugsjahr 1971.
67 Embassy report of October 28, 1969; Bundesarchiv 
Koblenz, B/213/17495, Standort 10, I 4 A 1.2.03, Reihe 116.
68 Invoice 2484/18 286 of September 22, 1970; 
Bundesarchiv Koblenz B 138/4753. Lieferung eines SIEMENS-
Unterrichtsreaktors SUR 100 an Argentinien als deutscher 
Beitrag, 1966 – 1972.
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Admiral Oscar A. Quihillalt, Director of the 
National Atomic Energy Commission of Argentina, 
assured the Germans that construction of the 
reactor building in Rosario would begin in early 
January 1971 and envisaged a possible recep-
tion of the SUR-100 in Argentina in mid-August 
1971. However, the construction work in Rosario 
could not be completed in time. Therefore, when 
the SUR-100 arrived in South America, it first 
had to be “temporarily stored” in Buenos Aires 
for several months. On September 13, 1971, the 
SUR-100 Aires was critically tested for the first 
time during a trial run at the interim site Centro 
Atómico Constituyentes in Buenos Aires.69 The 
SUR-100 was not brought to and installed at the 
University of Rosario until early 1973.70 

The SUR-100 was in operation (under the des-
ignation RA-4) until about 1983. Political and 
economic circumstances meant that nuclear 
technology was no longer promoted in Argentina. 

69 Letter from the Embassy of the FRG Buenos 
Aires to the Foreign Office dated September 17, 1971; 
Bundesarchiv Koblenz B 138/4753. Lieferung eines SIEMENS-
Unterrichtsreaktors SUR 100 an Argentinien als deutscher 
Beitrag, 1966 – 1972, p. 138.
70 Letter from the Federal Minister of Education and 
Science to the Foreign Office, Division III A 7, February 26, 
1971; Bundesarchiv Koblenz B 138/4753. Lieferung eines 
SIEMENS-Unterrichtsreaktors SUR 100 an Argentinien als 
deutscher Beitrag, 1966 – 1972.

The SUR-100 fell into a slumber and was hardly 
used as a teaching reactor until the 2010s. When 
the director who had been in charge of the reac-
tor died, his position was not filled and the reac-
tor was only used by a few students and was 
only activated once a year. 71 It was not until 2014, 
when the institute received new management, 
that the decision was made to breathe new 
life into the SUR-100. The reactor building was 
refurbished, safety measures were changed and 
extensive safety measures were implemented. 
It is still in operation today.72

DISMANTLING 

In 1983, a first report was published concern-
ing dismantling research reactors, including the 
dismantling of the SUR-100 at German universi-
ties.73 The effort of dismantling was compara-
tively small for the teaching reactors. A volume 
of 10 Mg had to be removed and only a very small 
part of it was radioactive (only the steel frame 
of the lead shielding and the base plate showed 
radiation). The dismantling could be done within 
26 working months, although usually within 4 

71 Information from the staff team Oscar Peire, University 
of Rosario on November 3, 2020.
72 Ibidem.
73 Petrasch, Seidler, Stasch, Stilllegung und Beseitigung 
(cf note 21), p. 150.

Figure 4: The teaching reactor RA-4 at the Instituto de Estudios Nucleares y Radiaciones Ionizantes IENRI. Credits: Ing. 
Oscar Peire.
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weeks, and was expected to cost 400,000 DM. 
After a final inspection of the former reactor 
room, the control area could be released by the 
authorities for further use. 74 At the time of the 
report (1983), twelve SUR-100s were in operation 
in West Germany.75

DISCUSSION

The SUR-100 has also been a kind of “Trojan 
horse”, because the German government did not 
primarily have development aid in mind when 
it donated teaching reactors to Latin America 
but wanted to give SUR-100 reactors primar-
ily to those Latin American countries to which 
SIEMENS hoped to export its power plant tech-
nology. The Federal Republic had copied this 
approach from the USA, which had pursued pre-
cisely this concept years before:

“The American nuclear policy under the banner 
of “Atoms for Peace” (itself a response to the 
failed course of restrictions), on the other hand, 
wanted to achieve this control through ‘cooper-
ation’ - namely with highly developed research 
reactors as the first ‘offers’ to the respective 
addressees. This was linked to the expectation 
that these countries would continue to base 
their own nuclear development on the American 
course.”76

With the donation of the SUR-100, the donated 
countries were also contractually obligated to 
send their nuclear physicists to Germany for 
training on the SUR-100 (The stay was paid for 
by the German government). In addition to famil-
iarizing themselves with the SUR-100, the main 
purpose of the trip was for the physicists to 
become acquainted with German reactor tech-
nology and to establish contacts with German 
experts in the field of nuclear power. This made 
it possible to forge closer economic ties through 
diplomatic channels. The SUR-100 demonstra-
tion and training reactor can thus be seen as 

74 Ibidem.
75 Ibidem., p. 15
76 Eckart Michael, “Die Anfänge der Atompolitik in 
der Bundesrepublik Deutschland”, Vierteljahreshefte für 
Zeitgeschichte, vol. 37, n° 1, 1989, 143

a small example of a tool in diplomatic nego-
tiations between Germany and Latin America. 
The idea that West Germany exported scientific 
expertise and technical know-how to developing 
and emerging countries should not be underes-
timated. Many exchange programs (f.e. 1965-1974 
with the Indian Institute of Technology Madras) 
were about this: “Reducing Soviet influence 
was arguably the main motivation for the West 
German engagement.”77 In India, too, the gov-
ernment was primarily concerned with exporting 
practical experience: “The strong German focus 
on research and teaching labs reflected contin-
ued German insistence on practical engineering 
education rather than theory.”78

Acquiring an entire reactor was admittedly the 
most expensive means of exhibiting German 
nuclear power technology (if the purchase price 
and dismantling costs are combined). Within 
Germany, a large number of prospective engi-
neers from a wide range of technical disciplines 
not only learned about reactor technology at the 
SUR-100 but were sensitized to the manageabil-
ity of nuclear processes through their experi-
mental internships, which led them to choose 
a career in the nuclear power industry. 

In particular, the two exports to Mexico and 
Argentina, described in more detail in the article, 
which led Latin American countries to choose 
German reactor technology for the construction 
of their nuclear power plants is worth highlight-
ing here. 

In contrast to the other Atomic Exhibition 
case studies, no political statements were 
made using the SUR-100 as teaching object. 
Nevertheless, the SUR-100 played a major role in 
shaping German nuclear science and policy for 
two decades. In addition to educating German 
engineers, it helped, most importantly, with 
cooperation with Latin America. If engineering 
students can be considered the broader public, 

77 Roland Wittje, “Engineering Education in Cold War 
Diplomacy: India, Germany, and the Establishment of IIT 
Madras”. Ber. Wissenschaftsgesch., vol. 43, 2020, 571.
78 Ibidem, p. 578.
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the SUR-100 also propagated the use of nuclear 
energy to a larger public audience. 

In terms of diplomatic negotiation, how-
ever, the assessment of the SUR-100 is rather 
weak. Apart from Argentina, which was given 
a SUR-100 in 1969 and ordered German power 
plant technology from SIEMENS for its first 
nuclear power plant, which went into opera-
tion in 1974 (and the SUR-100 is still in opera-
tion today, albeit modernized), “development 
aid with ulterior motives” was not successful 
in Mexico. Mexico bought U.S. technology for 
its only nuclear power plant, Central Nuclear 
Laguna Verde (completed in 1990), for which the 
first plans were made as early as 1968. Brazil, 

on the other hand, opted for SIEMENS technol-
ogy in 1975 for the planning of its first nuclear 
power plant (Central Nuclear Almirante Álvaro 
Alberto, opened in 1982) and maintains close 
technical relations with Germany, although no 
SUR-100 had previously been given away.

From 1981 to 2008, most of the SUR-100s were 
shut down (today, only three reactors are still 
operating in Germany and one in Argentina). 
University archives today contain little (or no) 
documentation of this very special type of reac-
tor and diplomatic negotiation in the nuclear 
field. The purpose of this article is therefore to 
commemorate this very special type of devel-
opment assistance.
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INTRODUCTION

One of the most pressing issues related to indoor 
climate is the high energy consumption for heat-
ing and cooling. In the face of global climate 
change, it is thus a policy goal to reduce the 
associated emissions, for example, by promot-
ing efficient technologies, the switch to renew-
ables, as well as behavioural changes.1 In the 
19th century, in the face of severe epidemics,2 
human health was considered to be a major 
concern related to indoor climate. While before 
the middle of the 19th century it was mainly a 
topic for experts, that was put into practice in 
public buildings,3 after this time a healthy indoor 
climate was also to find its way into house-
holds through domestic science education.4 Its 
improvement was part of a larger transnational 
project, the hygiene movement.5

The history of indoor climate is so far reflected 
in studies addressing only several specific coun-
tries and time periods.6 Three of them are briefly 
discussed here. They offer different approaches 

1 J. Rogelj et al., “Mitigation Pathways Compatible 
with 1.5 C in the Context of Sustainable Development”, in 
Intergovernmental Panel on Climate Change (ed.), Global 
Warming of 1.5°C. An IPCC Special Report on the Impacts 
of Global Warming of 1.5°C above Pre-Industrial Levels and 
Related Global Greenhouse Gas Emission Pathways, in 
the Context of Strengthening the Global Response to the 
Threat of Climate Change, Sustainable Development, and 
Efforts to Eradicate Poverty: Special Report (Geneva: IPCC, 
2018), 141–142, H. de Coninck et al., “Strengthening and 
Implementing the Global Response”, in Intergovernmental 
Panel on Climate Change (ed.), Global Warming, 362–369.
2 Nowadays, amid the Covid 19 pandemic, indoor climate 
and ventilation are again seen as important for health (e.g. 
Nehul Agarwal et al., “Indoor Air Quality Improvement in 
COVID-19 Pandemic: Review”, Sustainable Cities and Society, 
vol. 70, 2021).
3 Magdalena Daniel, “Haustechnik im 19. Jahrhundert: 
Das Beispiel der Heizungs- und Ventilationstechnik im 
Krankenhausbau” (Dissertation, ETH Zürich, Zürich, 2015).
4 Beatrix Mesmer, “Reinheit und Reinl ichkeit : 
Bemerkungen zur Durchsetzung der häuslichen Hygiene 
in der Schweiz”, in Nicolai Bernard and Quirinus Reichen 
(eds.), Gesellschaft und Gesellschaften: Festschrift zum 65. 
Geburtstag von Prof. Dr. Ulrich Im Hof (Bern: Wyss, 1982).
5 Ibid., 473–474.
6 See also Marsha Ackermann, Cool Comfort: America's 
Romance with Air-Conditioning (Washington D.C.: Smithsonian 
Institution Press, 2002), Rune Svarverud, “Ventilation for the 
Nation: Fresh Air, Sunshine, and the Warfare on Germs in 

to the topic, but each considers the indoor cli-
mate as a rather complex, social construct. 
Architectural historian Witold Rybczynski’s study 
on the history of comfort addresses the change 
in indoor climate from the Middle Ages onwards. 
He stresses the importance of health for config-
uring indoor climate in the 19th century, and in 
connection with this, for the evolution of heat-
ing and ventilation technologies, and for building 
methods and standards. The spatial focus of his 
study is on Britain, the USA, and to some extent 
France.7 Secondly, Vladimir Janković’s study on 
the advent of medical environmentalism in 18th 
century Britain discusses various kinds of air and 
specific climates as well as their positive and 
adverse effects on the health of those exposed 
to them. At the time, the improvement, con-
trol, and maintenance of middle-class homes 
related to comfort, set standards of ambi-
ent health. This allowed physicians to identify 
health risks, that deviated from these standards. 
Janković points out that social norms, values, 
and moral principles of the time were embed-
ded in the physicians’ argumentation regarding 
health risks.8 Finally, Gail Cooper’s analysis of 
the history of air-conditioning in the USA from 
1900 to the 1960s particularly emphasises the 
roles of experts and consumers in negotiating 
the “proper” indoor climate. She argues that 
experts who tried to claim control over indoor 
climate failed because consumers were ulti-
mately responsible for it.9

These studies all show that indoor climate does 
not exclusively depend on the energy sources 
and technologies that are used for controlling it, 
nor the behaviour of individuals or on experts’ 
recommendations and expectations. It addition-
ally depends on building standards, knowledge, 

China's National Quest for Hygienic Modernity, 1849-1949”, 
Environment and History, vol. 26, n°3, 2020.
7 Witold Rybczynski, Verlust der Behaglichkeit. 
Wohnkultur im Wandel der Zeit (München: Dt. Taschenbuch-
Verlag), 144–158.
8 Vladimir Janković, Confronting the Climate: British Airs 
and the Making of Environmental Medicine (New York, NY: 
Palgrave Macmillan, 2010).
9 Gail Cooper, Air-Conditioning America: Engineers and 
the Controlled Environment, 1900 - 1960 (Baltimore: Johns 
Hopkins University Press, 2002).
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habits, social norms, shared values, and indi-
vidual body sensations that vary historically and 
geographically. . Indoor climate is thus a con-
struct that is negotiated by a variety of actors, 
reflecting their respective knowledge, aspira-
tions, bodily sensations, and values, as well as 
the respective material and technological envi-
ronments, and is generated through everyday 
practices in the household.10 

Building on this existing research and adopt-
ing the conceptual approach that they have in 
common, this essay aims at contributing to a 
history of indoor climate and its control through 
heating. Its geographical focus is Switzerland 
where this topic, with very few exceptions, has 
received little attention so far.11 It concentrates 
on the late 19th century when the country was 
heavily industrialising and urbanising, and places 
the medicalisation of indoor climate at the 
centre of interest. 

The essay is based on the assumption that the 
medicalisation of indoor climate was an “invisible 

10 For a social science approach to this concept see 
Heather Chappells and Elizabeth Shove, “Debating the 
Future of Comfort: Environmental Sustainability, Energy 
Consumption and the Indoor Environment”, Building 
Research & Information I, vol. 33, n° 1, 2005.
11 The history of heating in Switzerland is best reflected 
in a company history: Peter Brügger and Guido Irion, Wie 
die Heizung Karriere machte: Technik, Geschichte, Kultur. 
150 Jahre Sulzer-Heizungstechnik (Winterthur: Sulzer 
Infra, 1991). Additionally, the dissertation project of the 
author deals with heating in Switzerland from the 19th to 
the end of the 20th century. Barbara Koller investigated 
indoor air in terms of its importance for the development 
of housing inspections and housing standards (Barbara 
Koller, “"Wo gute Luft und schlechte Luft sich schei-
den": Die Entwicklung hygienischer Wohnstandards und 
deren sozialpolitische Brisanz Ende des 19. und zu Beginn 
des 20. Jahrhunderts”, in Robert Jütte (ed.), Medizin, 
Gesellschaft und Geschichte: Jahrbuch des Instituts für 
Geschichte der Medizin der Robert Bosch Stiftung, vol. 14, 
Berichtsjahr 1995 (Stuttgart: Franz Steiner Verlag, 1996) 
and Jon Mathieu analysed the medical and public dis-
courses on ventilation and pointed out that this new 
and unfamiliar means of improving health was met with 
scepticism in Swiss Society (Jon Mathieu, “Das offene 
Fenster: Überlegungen zu Gesundheit und Gesellschaft im 
19. Jahrhundert”, Annales da la Societad Retorumantscha, 
vol. 106, 1993.

energy policy”12 that should lead to a change in 
energy consumption of households by setting 
new social norms.13 It firstly asks how experts 
for hygiene envisioned an ideal indoor climate. In 
which ways and by which technological means 
could it be achieved? Secondly, assuming that 
the middle-class home was the reference point 
for their vision (as Janković does in his study14) 
the paper asks if healthy indoor climate was 
seen as class-specific. Both questions will be 
answered in the first part of the essay which 
focuses above all on expert knowledge on indoor 
climate, as well as on heating technologies used 
in the late 19th century in Switzerland and their 
effects on human health.

Since for the hygienists the individual was 
responsible for his or her health15, but the 
housewife for that of her family,16 a third set 
of questions arises, which is dealt with in the 
second part of the essay: How was a healthy 
indoor climate to be realised in Swiss homes? 
Did its realisation reflect hygienists’ recommen-
dations? 

To answer these questions the essay is mainly 
based on two kinds of sources that were 
intended to construct social norms by educat-
ing the public and women in particular. 

12 Sarah Royston, Jan Selby, and Elizabeth Shove, 
“Invisible Energy Policies: A New Agenda for Energy Demand 
Reduction”, Energy Policy, vol. 123, 2018.
13 As recent research has shown, social norms are 
impacting energy consumption. Jon M. Jachimowicz, “Three 
Thumbs up for Social Norms”, Nature Energy, vol. 5, n° 11, 
2020.
14 Janković, Confronting, 6 (cf. note 8).
15 Philipp Sarasin, Reizbare Maschinen: Eine Geschichte 
des Körpers 1765 - 1914, 4th ed. (Frankfurt am Main: 
Suhrkamp, 2016 (2001)), 33–51, Mesmer Beatrix (ed.), Die 
Verwissenschaftlichung des Alltags: Anweisungen zum 
richtigen Umgang mit dem Körper in der schweizerischen 
Populärpresse ; 1850 - 1900 (Zürich: Chronos, 1997).
16 Susanne Breuss, “Die Stadt, der Staub und die 
Hausfrau: Vom Verhältnis schmutziger Stadt und sauberem 
Heim”, in Olaf Bockhorn et al. (eds.), Urbane Welten: Referate 
der Österreichischen Volkskundetagung 1998 in Linz (Wien: 
Selbstverlag des Vereins für Volkskunde, 1999), Simona Isler, 
Politiken der Arbeit: Perspektiven der Frauenbewegung um 
1900 (Basel: Schwabe, 2019), 104, Mesmer, “Reinheit” (cf. 
note 4).
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Firstly, to portray the vision of healthy indoor 
climate, it draws from textbooks on hygiene 
published in the late 19th century by scientific 
authorities that aimed to introduce the topic to 
the public.17 Secondly, to show how this vision 
was to be implemented in the homes, it is based 
on two manuals on housekeeping also written 
at that time. The first housekeeping manual was 
named “Das häusliche Glück” (“The Domestic 
Bliss”).18 It was directed at the education of 
working-class women and published originally 
in Germany in 1882 by a Christian Association 
for Workers’ Welfare, founded by factory owners 
and social reformers.19 Due to its success,20 
it was republished in Basel as a special edi-
tion for Switzerland, Austria, and Silesia from 
1887 onwards. By 1892, 240,000 copies of this 
edition had been sold in the respective coun-
tries.21 The other housekeeping manual “Wie 
Gritli haushalten lernt” (How Gritli learns to 
housekeep”)22 was directed at women keeping 

17 The textbooks on hygiene were written by experts, 
e.g. Swiss and German physicians, like Jakob Laurenz 
Sonderegger (1825–1896), Carl Flügge (1847–1923), special-
ists for hygiene from other fields like architecture as Adolph 
Wolpert (1832–1907), or natural scientists with a special 
interest in hygiene (Max von Pettenkofer, 1818–1901). All of 
them practiced in the late 19th century and had scientific 
and/or public reputation.
18 Verband für Soziale Kultur, Das häusliche Glück: 
Vollständiger Haushaltungsunterricht nebst Anleitung zum 
Kochen für Arbeiterfrauen, zugleich ein nützliches Hülfsbuch 
für alle Frauen und Mädchen, die "billig und gut" haushalten 
lernen wollen, 10th ed., herausgegeben von einer Commssion 
des Verbandes "Arbeiterwohl" (Mönchengladbach, Leipzig: 
Riffart, 1882).
19 Franz Josef Stegmann and Peter Langhorst, “Geschichte 
der sozialen Ideen im deutschen Katholizismus”, in Helga 
Grebing (ed.), Geschichte der sozialen Ideen in Deutschland: 
Sozialismus - katholische Soziallehre - protestantische 
Sozialethik ; ein Handbuch, 2nd ed. (Wiesbaden: VS Verlag 
für Sozialwissenschaften, 2005), 661.
20 Brenner, “Aufforderung zur Gründung weiblicher 
Fortbildungsschulen”, Die gewerbliche Fortbildungsschule: 
Blätter zur Förderung der Interessen derselben in der Schweiz, 
vol. 3, 10-11, 1887, 77, o. A., “Der Klerus und die Soziale Frage”, 
Schweizerische Kirchenzeitung : Fachzeitschrift für Theologie 
und Seelsorge, n°44, 1882, 348.
21 o. A., “Jugendschriften”, Schweizerische Kirchenzeitung : 
Fachzeitschrift für Theologie und Seelsorge, n°51, 1892, 404.
22 Emma Coradi-Stahl, Wie Gritli haushalten lernt: Eine 
Anleitung zur Führung eines bürgerlichen Haushalts in 
zehn Kapiteln (Zürich: 1902). Coradi-Stahl was engaged 
in women’s education as a housekeeping-teacher and an 

a middle-class household. It was written by 
Emma Coradi-Stahl (1846–1912) a Swiss suf-
fragette and founder of the “Schweizerischer 
Gemeinnützige Frauenverein” (a Swiss charita-
ble Woman’s Association).23 

THE HYGIENISTS’ VISION OF A HEALTHY 
INDOOR CLIMATE

Given the increasingly worsening living conditions 
in cities, and foremost in their working-class dis-
tricts, which were to be found not only in the 
major European cities such as London, Paris, 
Berlin, or Vienna but also in the much smaller 
Swiss cities,24 creating a healthy environment 
inside and outside the home was deemed to 
be necessary. 

The growth of the Swiss cities due to the influx of 
mostly young, unmarried people that came from 
both rural areas and from abroad in search of an 
urban industry income 25 was rapid and uncon-
trolled. This led to class-specific spatial segre-
gation, especially from 1880 onwards, with the 
working class settling close to heavy industries 
and traffic junctions such as railway stations 
and ports. In these environmentally degraded 
areas, large tenement blocks emerged.26 Living 

advisor for schools. She authored several books on hou-
sehold management and was founder and editor of the 
women's magazine "Schweizer Frauenheim". The individual 
chapters of “Gritli” were originally published in this maga-
zine in the late 1890s and re-published as a book in 1902. 
Regina Ludi, “Emma Coradi-Stahl: e-HLS”, Mar. 4, 2004, hls-
dhs-dss.ch/de/articles/009286/2004-03-04/ (accessed Feb 
13, 2022).
23 Id.
24 Compared to the large European cities, such as London, 
Paris, Berlin and Vienna, however, the Swiss cities were 
small. Zurich had only about 150,703 inhabitants in 1900, 
and Basel 109,161 (Historische Statistik der Schweiz - Online 
Ausgabe, hsso.ch/, Table B37).
25 Georg Kreis, Der Weg zur Gegenwart: Die Schweiz im 
neunzehnten Jahrhundert (Basel: Birkhäuser, 1986), 185, 
Philipp Sarasin, “Stadtgeschichte der modernen Schweiz”, 
in Georg Kreis (ed.), Die Geschichte der Schweiz (Basel: 
Schwabe, 2014), 611–613.
26 Kreis, Der Weg, 189 (cf. note 25), Daniel Künzle, 

“Stadtwachstum, Quartierbildung und soziale Konflikte 
am Beispiel von Zürich-Aussersihl 1850-1914”, in Sebastian 
Brändli et al. (eds.), Schweiz im Wandel: Studien zur neueren 
Gesellschaftsgeschichte, Festschrift für Rudolf Braun zum 60. 
Geburtstag (Basel: Helbing & Lichtenhahn, 1990), 47, Albert 
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conditions in these buildings were poor, as the 
first municipal housing surveys revealed in the 
1890s.27 According to members of the Swiss 
hygiene movement, these buildings were a 
breeding ground for contagious diseases and 
moral decay 28 that put the wealthier classes of 
the population at risk.29

The hygiene movement was a transnational move-
ment that developed towards the end of the 18th 
century, especially in Britain, where the adverse 
health effects of industrialization were particu-
larly noticeable.30 From Britain, it spread across 
the world.31 It consisted of people practising 
medical professions, engineers, architects, 
urban planners, educators and local politicians, 

Petermann, “Die Wohnungsausstattung”, in Schweizerischer 
Hauseigentümerverband (ed.), 50 Jahre Schweizerische 
Wohnwirtschaft: Jubiläumsschrift zum 50 jährigen Bestehen 
des Schweizerischen Hauseigentümerverbands (Zürich: 
1964), 145–148. 
27 id., Carl Landolt, Die Wohnungs-Enquête in der Stadt 
Bern vom 17. Februar bis 11. März 1896 (Bern: Neukomm & 
Zimmermann, 1899), 690–691, Philipp Sarasin, Stadt der 
Bürger: Struktureller Wandel und bürgerliche Lebenswelt 
Basel 1870-1900 (Göttingen: Vandenhoeck und Ruprecht, 
1997), 45–61 Künzle, “Stadtwachstum,”40–54 (cf. note 
26), Hans-Peter Bärtschi, “Die Lebensverhältnisse 
der Schweizer Arbeiter um 1900”, Gewerkschaftliche 
Rundschau : Vierteljahresschrift des Schweizerischen 
Gewerkschaftsbundes vol. 75, n°4, 1983.
28 E.g Jakob Laurenz Sonderegger, Vorposten der 
Gesundheitspflege oder der Kampf um's Dasein des 
Einzelnen und ganzer Völker (Berlin: Verlag von Hermann 
Peters, 1873).
29 Künzle, “Stadtwachstum” (cf. note 26).
30 E.g. Christopher Hamlin, Public Health and Social 
Justice in the Age of Chadwick: Britain, 1800 - 1854, 
Cambridge history of medicine (Cambridge: Cambridge 
University Press, 1998).
31 E.g. Anne Hardy, The Epidemic Streets: Infectious 
Disease and the Rise of Preventive Medicine, 1856 - 1900 
(Oxford: Clarendon Press, 2003), Davide Rodogno, Bernhard 
Struck, and Jakob Vogel (eds.), Shaping the Transnational 
Sphere: Experts, Networks and Issues from the 1840s to 
the 1930s, v.14 of Contemporary European History (New 
York, NY: Berghahn Books, 2014), Daniel T. Rodgers, 
Atlantiküberquerungen: Die Politik der Sozialreform, 1870 
- 1945, vol. 40 of Transatlantische historische Studien 
(Stuttgart: Steiner, 2010),  Biswamoy Pati, and Mark 
Harrison (eds.), Society, Medicine and Politics in Colonial 
India, 1st ed., The Social History of Health and Medicine 
in South Asia (Milton: Taylor & Francis Group, 2018), Alison 
Bashford, Imperial Hygiene: A Critical History of Colonialism, 
Nationalism and Public Health (Houndsmills: Palgrave 
Macmillan, 2004).

scientists, national economists and statisticians, 
but also social reformers who all used their spe-
cial expertise to achieve the common goal of pre-
serving the health of the human body. To fulfil 
this goal, the hygienists focused on the individ-
ual persons as well as on their surrounding envi-
ronmental conditions, for example at the level 
of cities or buildings.32 At the individual level, a 
person was conceived as able to take care of 
his or her own health. From the hygienists’ point 
of view, being responsible for one’s own health 
meant controlling and regulating the most inti-
mate and mundane aspects of life, such as nutri-
tion, personal hygiene, sexuality, and housing.33 

In this context, the home, which can be con-
sidered people’s most intimate environment, 
became the object of domestic hygiene. The 
health of the family members, however, was con-
sidered as the responsibility of the housewife34, 
even though the built environment and thus the 
housing conditions were not necessarily ideal.

Heating and ventilation were among the most 
important aspects of domestic hygiene in the 
last decades of the 19th century. Thus, heat-
ing was not simply aimed at warming a room, 
but at creating a healthy indoor climate, an 
“artificial summer of the best and healthiest 
kind”, as Adolph Wolpert - professor for build-
ing hygiene in Nuremberg - wrote in the late 
1880s in his textbook “Sieben Abhandlungen zur 
Wohungshygiene” (“Seven Essays on Domestic 
Hygiene”).35 Creating an artificial summer meant 
more than increasing the room temperature 
with a heating system, but to providing a “fresh 
summer breeze” through ventilation and a pleas-
ant air humidity “as in a shady place”.36 The 

32 Philipp Sarasin, “Die Geschichte der Gesundheitsvorsorge: 
Das Verhältnis von Selbstsorge und staatlicher Intervention 
im 19. und 20. Jahrhundert”, Cardiovascular Medicine, vol. 14, 
n° 2, 2011, 42–44.
33 Sarasin, Maschinen, 33–51 (cf. note 15).
34 Mesmer, “Reinheit,” (cf. note 4).
35 Adolph Wolpert, Theorie und Praxis der Ventilation 
und Heizung: Handbuch der Ventilation und Heizung mit 
Einschluss der Hilfswissenschaften zum Selbststudium und 
zum Gebrauch bei Vorlesungen über Wohnungshygiene 
(Leipzig: Baumgärtner, 1887), 33.
36 Ibid., 33–35.
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parameters of this idealized and healthy summer 
–air purity, humidity (which I will not focus on 
here), and temperature– were empirically deter-
mined by hygienists in the second half of the 
19th century through laboratory experiments37 
as well as investigations in hospitals, prisons or 
educational institutions.38

Scientific enthusiasm for air was nothing new 
at that time but rather evolved in the con-
text of changing ideas about the structure 
and functioning of the human body during the 
Enlightenment. The body was understood by the 
medicine of the time as a “stimulable machine”, 
as Philipp Sarasin pointed out in his history of 
the body.39 Overall, the body and, in connection 
with it, health and physical well-being took on 
increasing importance. At the turn of the 18th 
and 19th centuries, this knowledge of the body 
was taken up by the hygiene movement and 
combined with ancient concepts of preven-
tive health care –particularly the Hippocratic 
humoral pathology and dietetics40– which were 
based on favourably influencing the controllable 

37 E.g. Pettenkofer’s article series on the impact of 
stoves and air heating systems on indoor air quality, 
published in the early 1850’s( Max v. Pettenkofer, “Ueber 
den Unterschied zwischen Luftheizung und Ofenheizung 
in ihrer Einwirkung auf die Zusammensetzung der Luft 
der beheizten Räume”, Polytechnisches Journal vol. 119, 
X, 1851, Pettenkofer, “Ueber den Unterschied zwischen 
Luftheizung und Ofenheizung in ihrer Entwicklung auf 
die Zusammensetzung der Luft der beheizten Räume: 
(Fortsetzung von S. 51 dieses Bandes)”, Polytechnisches 
Journal vol. 1851, L.III, 119, Pettenkofer, “Ueber den 
Unterschied zwischen Luftheizung und Ofenheizung 
in ihrer Einwirkung auf die Zusammensetzung der Luft 
der beheizten Räume: (Schluß von Bd. CXIX S. 290.)”, 
Polytechnisches Journal vol. 120, XCI, 1851.
38 E.g .  Max von Pettenkofer,  Ber icht über d ie 
Venti lat ionsapparate,  in:  Pettenkofer,  Über den 
Luftwechsel in Wohngebäuden (München: Cotta, 1858), 
19–68, o. A., “Königreich Sachsen (Schulhygienische 
Statistik)”, Schweizerisches Schularchiv vol. 3, n.  5, 1882, 
Schweizerische Polytechnische Zeitschrift, “Ueber das 
angebliche Austrocknen der Luft in Räumen, die durch 
Centralluftheizungsapparate erwärmt werden, und über 
das Mass des Luftwechsels in solchen Lokalitäten”, vol. 13, 
n° 2, 1868, Daniel, “Haustechnik” (cf. note 3).
39 Sarasin, Maschinen (cf. note 15).
40 Wolfgang U. Eckart, Geschichte, Theorie und Ethik der 
Medizin, 8th ed., Springer-Lehrbuch (Berlin: Springer, 2017), 
11–17.

“sex res non naturales”.41 The “sex res non natu-
rales” included light and air, the environmental 
conditions, everything that reaches the body, 
nutrition, work and rest, excreta, sexuality, as 
well as sensations and emotions. Through cer-
tain practices of self-regulation, especially tem-
perance, but also cleanliness and other hygienic 
rules, the individual person, initially found in the 
middle-class, could take care of his own health.42 
In this context, indoor air, its properties and its 
regulation became significant for human health, 
with a particular focus on air purity.

Cleaning contaminated indoor air: heating and 
ventilation
According to the ideal of cleanliness that 
developed in Europe since the 18th century 
Enlightenment, particularly air purity was 
regarded as beneficial to human health, in line 
with the miasma theory that was popular until the 
end of the 19th century. According to this theory, 
miasmas –bad, foul-smelling air – were the trig-
gers and carriers of disease. Miasmas appeared 
both outdoors, where they became noticeable, 
for example, through the foul-smelling exha-
lations of water or soil, and indoors. Within a 
building, miasmas were the result of the physical 
processes of its inhabitants and their household 
activities such as space heating, cooking, and 
artificial lighting.43 Even after the germ theory 
replaced the miasma theory, the imperative of 
air purity remained valid. The presence of germs 
and bacteria as “living dust” indoors seemed to 
make ventilation even more necessary, as the 
Swiss physician Jakob Sonderegger wrote in the 
1870s in his textbook on hygiene.44

41 Sarasin, Maschinen, esp. 51–71 (cf. note 15), Sarasin, 
“The Body as Medium: Nineteenth-Century European 
Hygiene Discourse”, Grey Room vol. 29, 2007, Janković, 
Confronting, 18–21 (cf. note 8).
42 Sarasin, Maschinen, 33–51 (cf. note 15).
43 E.g. Max v. Pettenkofer, Beziehungen der Luft zu Kleidung, 
Wohnen, Boden: Drei populäre Vorlesungen. Gehalten im 
Albert-Verein zu Dresden am 21., 23. und 25. März 1872 
(Braunschweig: Friedr. Vieweg und Sohn, 1872), S. 56–57. 
On different concepts of air purity see also Alain Corbin, 
The Foul and the Fragrant: Odor and the French Social 
Imagination (Leamington Spa: Berg, 1986), (France), Janković, 
Confronting, (Victorian Britain) (cf. note 8), Svarverud, 
“Ventilation,” (China) (cf. note 6).
44 Sonderegger, Vorposten, 43 (cf. note 28) See also 
Mathieu, “Fenster”, 295–296 (cf. note 11).
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As people contaminated the air, sufficient fresh 
air, quantified as ventilation rate (volume fresh 
air/person/time unit) had to be supplied from 
outside into a building to keep people healthy. 
Already the French chemist Antoine-Laurent de 
Lavoisier (1743–1794) had realised in the 1770s 
that the carbon dioxide (CO2) content of indoor 
air was a decisive marker for its purity.45 This 
finding was taken up and supplemented by the 
German scientist and founder of experimen-
tal hygiene Max von Pettenkofer in the 1850s. 
According to von Pettenkofer, however, CO2 was 
not the only polluter. Nevertheless, it was a good 
proxy for estimating the contamination level of 
indoor air by organic matter exhaled and per-
spired which could not be quantified at the 
time.46 According to von Pettenkofer’s exper-
iments, a CO2 content over 1000 ppm was not 
acceptable from a human health perspective. 
To comply with this upper limit, von Pettenkofer 
calculated a ventilation rate of 50-60 m3/person/
hour.47 

In following the requirements for air purity, regular 
ventilation was given utmost importance by the 
hygienists, particularly in the cold season, seen 
as space heating, mostly realised with stoves, 
would additionally worsen the indoor climate 
through gaseous emissions and burnt dust.48 

45 Jan Sundell, “On the History of Indoor Air Quality and 
Health”, Indoor Air vol. 14, n°7, 2004, 52, David Hansen, Indoor 
Air Quality Issues (Abingdon, Oxon: Taylor & Francis, 2000), 
4–5.
46 M a x  v o n  P e tt e n ko f e r,  B e r i c h t  ü b e r  d i e 
Ventilationsapparate, in: Pettenkofer, Luftwechsel, 23 (cf. 
note 38).
47 Ibid., The Swiss Physician Sonderegger popularized von 
Pettenkofer’s ventilation rate in Switzerland (Sonderegger, 
Vorposten, 52– 53 (cf. note 28)). Quite similar average ven-
tilations rates were recommended by French, British, and 
American hygienists (Arthur Jules Morin, Salubrité des 
habitations: manuel pratique du chauffage et de la venti-
lation (Paris: 1868), 38. Morin's ventilation rates, however, 
were applied to a wide variety of buildings such as schools, 
hospitals, barracks and prisons, taking into account the 
characteristics of the people who lived in them (Morin, 
“On the Ventilation of Public Buildings”, Proceedings of 
the Institution of Mechanical Engineers vol. 18, n° 1, 1867, 
Rybczynski, Verlust, 153 (cf. note 7), John E. Janssen, “The 
History of Ventilation and Air Temperature Control”, ASHRAE 
Journal, September 1999, 48–51). 
48 e.g. Sonderegger, Vorposten, 16–18 (cf. note 28).

Traditionally, however, it has been assumed that 
heating systems contribute to air purity, at least 
to some extent, because the combustion pro-
cess leads to a constant exchange of air. This 
property was shared by the major technologies 
of the time, which differed geographically within 
Europe. While in the eastern, middle, and north-
ern parts closed stoves were used since the end 
of the 15th century, in its western and southern 
parts the open fireplaces were preferred. British 
and French settlers spread the use of the open 
fireplaces in the US, German and Scandinavian 
settlers the stoves.49 

Accordingly, the preferences for heating technol-
ogies varied. In Great Britain, France, and partly 
in the USA with their moderate climates, for 
example, using stoves was considered as making 
the rooms stuffy, uncomfortable, and unhealthy, 
as stoves did not have such a strong draught 
as the open fireplaces. Additionally, stoves did 
not provide the symbolic-psychological mean-
ing of visible fire. Finally, handling an open fire 
was perceived as easier than a fire enclosed in 
a stove.50 In Germany, Switzerland, and Austria, 
however, the draught of the stove traditionally 
was considered sufficient for providing fresh air. 
In these regions, heating with open fireplaces 
was regarded as smoky and as a waste of fuel 

49 Priscilla J. Brewer, From Fireplace to Cookstove: 
Technology and the Domestic Ideal in America (Syracuse, 
N.Y: Syracuse Univ. Press, 2000), 18–25, Rybczynski, Verlust, 
150–151 (cf. note 7), Sean Patrick Adams, Home Fires: How 
Americans Kept Warm in the Nineteenth Century, How things 
worked (Baltimore: Johns Hopkins Univ. Press, 2014), 24, 
Emmanuelle Gallo, “Lessons Drawn from the History of 
Heating: A French Perspective”, in Mogens Rudiger (ed.), 
The Culture of Energy (Newcastle upon Tyne: Cambridge 
Scholars Publishing, 2008), 273. 
50 E.g. Rybczynski, Verlust, 156–157 (cf. note 7), Gallo, 

“Lessons”, 173 (cf. note 49), Adams, Home Fires, 94–104 (cf. 
note 49). See also Annik Pardailhé-Galabrun, The Birth of 
Intimacy: Privacy and Domestic Life in Early Modern Paris 
(Philadelphia: University of Pennsylvania Press, 1991), 120–22, 
Joan E. DeJean, The Age of Comfort: When Paris Discovered 
Casual-and the Modern Home Began, (e-Book) (New York: 
Bloomsbury, 2010), 95–96, Benjamin Franklin, “Beschreibung 
neuer Pensylvanischer Stubenwärmer”, in Benjamin 
Franklin (ed.), Sämmtliche Werke. Zweiter Band: Übersetzt 
von Gottfried Traugott Wenzel (Dresden: Waltherische 
Hofbuchhandlung, 1780), 123- 124.
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while rooms remained cold.51 As the famous 
German Krünitz- encyclopaedia phrased it at 
the beginning of the 19th century, a stove would 
never work without a certain circulation of air 
and “[...]this […] also has the advantage that the 
air in the room is purified, and all moist and pol-
luted air is removed from the room.”52 Towards 
the end of the century, Meyer’s encyclopaedia 
likewise defined both the “artificial heating of 
rooms” and the “maintenance of clean air in 
inhabited rooms”53 as the purpose of a stove. 

However, with the spread of the doctrine of 
domestic hygiene, the uncontrollable draught 
of stoves or open fireplaces was no longer per-
ceived as sufficient for the provision of fresh air; 
an additional requirement was added: namely 
regular and controlled ventilation.54 

In public buildings - such as welfare, education, 
and custody institutions, administrative build-
ings or theatres, and opera houses - air purity 
was secured by ventilation systems. In most 
cases, they were based on thermal convection 
and were thus connected to central heating, 
usually to an air heating system.55 Most private 
households, however, did not have central heat-
ing at the time. In the cities of Bern and Zurich 
in 1896 and 1910, respectively, only two per cent 

51 Johann Jacob Volkmann, Neueste Reisen durch 
Frankreich: vorzüglich in Absicht auf die Naturgeschichte, 
Oekonomie, Manufakturen und Werke der Kunst aus den 
besten Nachrichten und neuern Schriften zusammenge-
tragen (Leipzig: Fritsch, 1787/1788), 176–177, Samuel Engel, 
“Abhandlung von dem aller Orten eingerissenen Holzmangel, 
dessen Ursachen, und denen dagegen dienlichen Mitteln, 
denen von Pflanzung und Besorgung der wilden Bäume”, 
Der Schweizerischen Gesellschaft in Bern Sammlungen von 
landwirthschaftlichen Dingen, n° 3, 1760, 53, Sonderegger, 
Vorposten, 54 (cf. note 28).
52 Krünitz Encyklopädie, “Ofen”, in Krünitz, Johann Georg 
et al. (ed.), Johann Georg Krünitz ökonomisch-technologische 
Encyklopädie, oder allgemeines System der Staats-, Stadt-, 
Haus- und Landwirthschaft, und der Kunst-Geschichte, in 
alphabetischer Ordnung: Universität Trier (2001) http://www.
kruenitz1.uni-trier.de/ (Berlin, 1773-1858).
53 s.v., “Heizung”, in Meyers Konversationslexikon: 
(Retrodigitalisiert im Projekt "Retro-Bibliothek" http://www.
retrobibliothek.de/), 4th ed. (Leipzig, Wien: Verlag des 
Bibliografischen Instituts, 1885-1892), S. 335. 
54 Mathieu, “Fenster”, (cf. note 11).
55 e.g. Daniel, “Haustechnik”, (cf. note 3).

of all dwellings were equipped with central heat-
ing.56 It was very expensive and hence warmed 
the villas and homes of a wealthy minority only.57 
For this reason, ventilation systems or air heat-
ing systems (that also contributed to ventilation) 
were rarely found in private households. In the 
19th century, the most common heating tech-
niques in Switzerland were tiled stoves and iron 
stoves heated commonly with wood or, in larger 
cities, with coal, after the coal trade entered the 
urban areas from the 1880s onwards.58 In pri-
vate households, ventilation, therefore, meant 
regularly opening the windows.59 

Temperature and the quality of heat
Not only air purity but also the temperature 
of indoor air mattered and matters for health. 
Concerning warmth, however, the hygienist 
Wolpert advocated, for instance, that individ-
ual persons also have individual needs and thus 
recommended certain temperature ranges for 
certain rooms only, as shown in table 1. These 
ranges reflected the individual person as well 
as the intended use of the respective room 
e.g., the needs of a toddler in a nursery. They 
were adopted both in encyclopaedias (table 1, 
column b) and in compendiums for heating 
and ventilation specialists (table 1, column c). 
However, it must be considered that the tem-
perature ranges provided by Wolpert and Meyer’s 
encyclopaedia referred to any kind of heating 
system, whereas the fixed temperature values 
provided by Hermann Rietschel - one of the 
founders of heating and ventilation science 
- formed the basis for dimensioning different 
components of a stove, such as its combustion 
chamber, or of a central heating system, such 
as the boiler.60

56 Landolt, Wohnungs-Enquête Bern, 461 (cf. note 27), 
Statistisches Amt der Stadt Zürich, Statistisches Jahrbuch 
der Stadt Zürich: Sechster und Siebenter Jahrgang, 1910 und 
1911, zum Teil auch 1912 (Zürich: Rascher & Co, 1914), 423.
57 Daniel Marek, “Kohle: Die Industrial is ierung 
der Schweiz aus der Energieperspektive 1850-1900” 
(Dissertation, Universität Bern, Bern, 1992), 123, Petermann, 
“Wohnungsausstattung”, 150 (cf. note 26).
58 Marek, “Kohle”, 108, 126–131 (cf. note 57).
59 Mathieu, “Fenster” (cf. note 11).
60 In addition, of course, other factors were essential 
for planning and the design of a heating system (Hermann 
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However, hygienists were not only concerned 
with a specific temperature range, but also 
with other qualities of heat. It should be mild 
and evenly distributed vertically in the room to 
positively affect human health and well-be-
ing. Whether such kind of heat could be sup-
plied, depended strongly on the used heating 
technology. Thus, the above-mentioned hygien-
ists Wolpert, Sonderegger and Flügge, classi-
fied heating systems according to their health 
aspects. 

With its excellent heat storage capacity, the tiled 
stove provided mild warmth by heating the room 
evenly over a longer period, even though the 
fire was already extinguished. Sonderegger, for 
instance, labelled the manufactured tiled stove 
as an “unsurpassed model” of heating technol-
ogy, and as a “true friend of the family.”62 On the 
contrary, Sonderegger termed the industrially 
produced and cheap iron stove, that was fre-
quently used by the unwealthy63 as “the poor 
people’s evil friend.64 An ordinary iron stove 
would initially lead to excessive temperatures 
and, when the fire died down, to a very quick 
cooling of the room. Such abrupt temperature 

Rietschel, Leitfaden zum Berechnen und Entwerfen von 
Lüftungs- und Heizungs-Anlagen: Auf Anregung seiner 
Excellenz des Herrn Minister der Öffentliche Arbeiten ver-
fasst, 2nd ed. (Berlin: Julius Springer, 1894).
61 Wolpert, Theorie und Praxis, 636 (cf. Note 35), Meyers 
Konversationslexikon (1885-1892), 337 (cf. note 53) Rietschel, 
Leitfaden, 24 (cf. note 60).
62 Sonderegger, Vorposten, 55 (cf. note 28) Jakob 
Laurenz Sonderegger, and Elias Haffter, Vorposten der 
Gesundheitspflege, 5th ed. (Berlin: Julius Springer, 1901), 
269. See also Wolpert, Theorie und Praxis, 383, 635–639 (cf. 
note 35), Sonderegger, Vorposten, 55 (cf. note 28).
63 Manfred Seifert, Technik–Kultur: Das Beispiel 
Wohnraumheizung (Dresden: Thelem, 2012), 182.
64 Sonderegger, Vorposten, 55 (cf. note 28).

changes would disturb the heat regulation of 
the human body and hence would cause colds 
and other illnesses. Furthermore, the iron stove 
polluted the room and the indoor air with ashes, 
dust, and noxious emissions. 

Thus, in the opinion of the hygienists, using a 
tiled stove, in combination with proper venti-
lation, would be the best heating technology.65 

Indoor climate as a question of Class?
Following their own definitions of a healthy 
indoor climate, hygienists perceived the climate 
to be harmful in many Swiss dwellings, above all 
in farmhouses and the tenements of the work-
ing class. They argued that it was too hot and 
stuffy in the farmers’ “Stube”, even though it was 
heated with a tiled stove, as was common in 
the countryside. The climate in the dwellings of 
the working class is said to have been toxic due 
to heating with iron stoves. Both peasants and 
workers were only concerned with temperature 
without caring about the other qualities of the 
indoor climate, and particularly about ventilation. 
Ordinary Swiss people avoided window ventilat-
ing for several reasons, as hygienists complained. 
Firstly, they were afraid of colds, rheumatism, or 
eye diseases that could be caused by a draught 
or the night air; a traditional belief that was 
still supported by some physicians as well as in 
magazines in the 19th century.66 And secondly, 

65 Id., Wolpert, Theorie und Praxis, 635–639 (cf. note 35), 
Carl Flügge, Grundriss der Hygiene für, Studirende und prak-
tische Ärzte, Medicinal- und Verwaltungsbeamte, 5th ed. 
(Leipzig: Veit und Comp, 1902), 383, Sonderegger and Haffter, 
Vorposten, 1901, 267–273 (cf. note 62).
66 Sonderegger, Vorposten, 34 (cf. note 28), Pettenkofer, 
Beziehungen, 71 (cf. note 43), see also Mathieu, “Fenster”, 
295–296 (cf. note 11).
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a) Wolpert (1887)
b) Meyer’s encyclopaedia 

(1885-1892)

c) Rietschel’s manual for 

heating engineers (1894)

Living Room 17-19 °C 18-20 °C 20 °C

Nursery 18-20 °C

Bedroom 15-18 °C 12-16 °C 15 °C

Bathroom (if heatable) 20-23 °C 22 °C

Table 1: Recommended room temperatures (c.1890)61
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people feared that ventilation would lead to 
heat losses in winter and to an increase in fuel 
demand, and fuel costs as a result, which was, 
of course true.67 

Hygienists repeatedly criticized their reluctance 
to ventilate68 and to demonstrate the innocuous-
ness of fresh air, they referred to the English, who 
preferred frequent and strong ventilation, the 
Italian, who commonly ventilated their homes at 
night, or to the good health of professionals that 
were constantly exposed to drafts and night air, 
like night-watchmen, train drivers and stokers.69

In this context, a healthy and thus “good” indoor 
climate was conceived as the red line separating 
the “primitive men” from the “civilized men”, as 
Sonderegger wrote in the 1870s. Primitive people 
inhabited the countryside and the working-class 
districts, while civilized people belonged to the 
educated middle-class.70 His assessment was 
supported by the systematic housing censuses 
and dwelling inspections in Swiss cities at the 
end of the century. The large tenements in the 
working-class districts of Zurich, Basel, and 
Berne were cramped, dirty, dark, and damp, 
poorly ventilated, and barely heatable. Toilets 
as well as kitchens were to be shared among 
tenants or even did not exist. Many buildings 
had no water supply and no connection to the 
sewage system.71 In the view of hygienists as well 
as social reformers, the working-class quar-
ters were thus breeding grounds for contagious 

67 Idem, Mesmer, “Reinheit”, 481 (cf. note 4), Pettenkofer, 
Beziehungen, 71 (cf. note 43).
68 Sonderegger, Vorposten, 61–68 (cf. note 28), Sonderegger 
and Haffter, Vorposten, 1901, 261 (cf. note 62), Victor 
Böhmert, Arbeiterverhältnisse und Fabrikeinrichtungen 
der Schweiz: Erstattet im Auftrage der Eidgenössischen 
Generalcommission für die Wiener Weltausstellung, I. Band 
(Zürich: C. Schmidt, 1873), 415, C. Schwatlo, “Ventilation und 
Heizung”, Die Eisenbahn vol. 13, n° 19, 1880, 116–117.
69 Paul Niemeyer, Aerztlicher Rathgeber für Mütter: 
Zwanzig Briefe über die Pflege des Kindes von der Geburt 
bis zur Reife (Stuttgart: Engelhorn, 1877), 114–117, Mathieu, 

“Fenster”, 297 (cf. note 11).
70 Sonderegger, Vorposten, 62 (cf. note 28).
71 Petermann, “Wohnungsausstattung”, 145–148 (cf. note 
26), Landolt, Wohnungs-Enquête Bern, 690–691 (cf. note 27), 
Sarasin, Stadt, 45–6 (cf. note 27), Künzle, “Stadtwachstum,”, 
50–54 (cf. note 26).

diseases and posed a great threat to the poor, as 
well as to the wealthier classes.72 As Sonderegger 
put it in a nutshell, the “proletarian quarter of a 
city [...] would be, in health terms, the fuse on 
the powder keg […].”73

Indoor climate was said to be particularly bad 
in the overcrowded workers’ dwellings not only 
because of poor housing conditions, and inade-
quate heating technologies but also, and above 
all, because of the habits of its inhabitants, with 
women being incapable to manage a household 
properly.74 Viktor Böhmert (1829–1919), a Swiss 
social reformer, statistician, and economist who 
surveyed the living conditions of factory work-
ers in the 1870s complained that workers did 
not ventilate for days or even weeks in winter. 
Accordingly, he attributed their precarious state 
of health to the lack of ventilation75 and not at 
all to the hard factory work, poor housing con-
ditions, or the lack of heating material.

As one of the few hygienists, the German 
Max von Pettenkofer concluded that there 
was a connection between unheated rooms 
and a harmful indoor climate that even ven-
tilation could not eliminate. According to von 
Pettenkofer, cold rooms simply exchanged less 
air during ventilation due to the small differ-
ence between the outdoor and indoor tem-
peratures. As a result, people not only froze 
in their barely heated dwellings, which in itself 
was harmful, but were also exposed to a nox-
ious climate.76 To make a healthy indoor cli-
mate affordable for the entire population, von 
Pettenkofer advocated as early as in the late 
1850s that the poor should be provided with 
fuel in winter, as an effective “sanitäts-polizeil-
iche Maassregel (sanitary measure) of utmost 
importance” that would make ventilation more 
attractive.77 The Swiss hygienist Sonderegger 
was likewise aware that ventilation led to heat 
losses and increased fuel consumption, higher 

72 Id.
73 Sonderegger, Vorposten, 23 (cf. note 28).
74 Ibid., 62.
75 Böhmert, Arbeiterverhältnisse, 415 (cf. note 68).
76 Pettenkofer, Luftwechsel, 91–92 (cf. note 38).
77 Ibid., 92.
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heating costs and financial difficulties for the 
poor. However, he subordinated these problems 
to health. “Heat is always lost during ventilation, 
and this costs money. However, it is a simple 
sum, which is more costly, disease or fuel?” 
From a “community standpoint,” Sonderegger 
noted, it would be the disease that would be 
more costly.78

In this section, it was shown, how hygienists 
specified healthy indoor climate. In order to 
maintain the purity of indoor air, a regular 
exchange of air was seen as necessary, as 
it was polluted by the physical activities of 
people. The stove draught or the draught of 
the chimney, still considered sufficient for air 
exchange in the early 19th century, were now 
to be replaced by controlled ventilation, in 
public buildings by applying technical systems, 
in private homes by opening the windows reg-
ularly. For room climate in heated dwellings, 
the hygienists not only defined healthy tem-
perature ranges, but the heat also had to be 
mild and evenly distributed in the room. Only 
certain stoves, such as tiled stoves, could 
produce such heat. For the hygienists, indoor 
climate was class-specific. In their eyes, mid-
dle-class homes had a healthy indoor climate, 
while peasants’ and workers’ homes had a 
noxious one. Even though poor housing con-
ditions, cheap technology, and a lack of fuel 
were the main cause for unhealthy indoor cli-
mate, the hygienists considered the latter as a 
result of incorrect individual behaviour. Thus, 
room climate was conceived as a personal 
responsibility. 

The paragraphs on healthy indoor climate in the 
textbooks of the hygienists focused primarily 
on its characteristics and hardly addressed its 
actual realisation. No instructions on how to 
heat/ventilate in the proper way were given, 
although it was acknowledged as “a hard but 
rewarding task”79. Hence it seems useful to 
additionally investigate this aspect. 

78 Sonderegger and Haffter, Vorposten, 1901, 269 (cf. note 62).
79 Ibid., 267.

THRIFT OR HEALTH? THE REALISATION OF 
INDOOR CLIMATE IN SWISS HOUSEHOLDS

According to the philosophy of the hygiene move-
ment, the individual person was responsible for 
his or her own health, and the housewife for the 
health of the family in the form of good house-
keeping.80 Practical advice on household man-
agement, including heating and ventilation, was 
disseminated as part of domestic science edu-
cation by women’s associations and in household 
manuals. As in the rest of Europe,81 standard-
ized domestic science education had become 
institutionalized in Switzerland during the 19th 
century. The teaching goals of home economics 
reflected both the promotion of the female car-
dinal virtues of cleanliness, thrift, and diligence 
and the promotion of domestic hygiene. 82 

In the following, I will examine how proper heat-
ing and ventilation, which were understood by 
hygienists as an essential part of domestic 
hygiene, were conceived in domestic science 
education using the example of two house-
hold manuals that were very well known in 
Switzerland. One was directed at working-class 
housewives, the other at women keeping a mid-
dle-class household, and particularly at maids. 
When using sources like housekeeping manuals, 
etc. it is important to note, however, that they 
do not reveal much about what the indoor cli-
mate in the households was really like or how 
it was actually controlled, but that they, like the 
hygienic literature intended to construct social 
norms. 

Saving fuel in the working-class home
“Proper heating is one of the most necessary 
skills that a housewife must have. Not only the 
health of the family depends on it to a large 

80 Breuss, “Stadt” (cf. note 16), Isler, Politiken, 104 (cf. note 
16), Mesmer, “Reinheit” (cf. note 4).
81 See Juliane Jacobi, Mädchen- und Frauenbildung in 
Europa: Von 1500 bis zur Gegenwart, 1st ed., (Frankfurt am 
Main: Campus Verlag, 2013).
82 Anne-Marie Stalder, “Die Erziehung zur Häuslichkeit: 
Über den Beitrag des hauswirtschaftlichen Unterrichts zur 
Disziplinierung der Unterschichten im 19. Jahrhundert”, 
Schweizerische Zeitschrift für Geschichte vol. 34, n° 3, 1984, 
Isler, Politiken (cf. note 16).
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extent, but also a lot can be saved or wasted 
by it.”83 This sentence introduces the chapter 
on heating in the housekeeping manual “The 
Domestic Bliss”,84 which was directed at work-
ing-class women and was published in the 1880s 
by a Christian Association for Workers’ Welfare.85 

The most pronounced value in this textbook 
was thrift,86 not only in terms of money and 
resources which were thought to be insepara-
ble but also in terms of time. Hence, house-
hold chores were to be carried out according 
to a strict schedule which should prevent the 
housewife from wasting time. At least twice a 
day, “after breakfast and after lunch,”87 while the 
housewife was sweeping the rooms, she was to 
keep all the windows and doors open to let pure, 
fresh air, “one of the most essential necessities 
of life”, into the dwelling.88 

In contrast to ventilating, the temporal patterns 
of heating did not follow a strict schedule, but 
the rhythms of the fire in the stove and the 
housewife’s perception of room temperatures. 
Thus, the fire had to be continuously monitored 
and controlled by smartly opening or closing the 
doors and flaps of the stove, which was seen as 
a vital skill that all housewives should learn.89 
The housekeeping manual recommended keep-
ing the fire only moderate, except on very frosty 
days90 When the housewife felt that the room 
was warm enough, significant savings in fuel 
could be achieved by covering the fire with wet 
ashes, as in most cases the embers did not fade. 
If a strong fire was needed again for cooking or 
for heating up the room it could easily be rekin-
dled with a handful of sawdust.91 In addition to 

83 Verband für Soziale Kultur, Häusliches Glück, 38 (cf. 
note 18).
84 Id.
85 Stegmann and Langhorst, “Geschichte,” 661 (cf. note 19).
86 The feminine traits humility, self-sacrifice and sub-
ordination as well as the importance of Christian Values 
were addressed in a letter from a priest which formed the 
introduction to “Das Häusliche Glück” (Verband für Soziale 
Kultur, Häusliches Glück (cf. note 18).
87 Ibid., 30.
88 Ibid., 23.
89 Ibid., 41.
90 Ibid., 42.
91 Ibid., 41–42. 

hay or straw, strips of paper, used tanner’s bark 
or leftover pieces of coal, sawdust was also the 
recommended fuel to light a fire cheaply and 
quickly after cleaning the stove from ashes and 
fuel residues. Only when the fire was burning 
properly, the housewife should add fresh fuel.92 
Another contribution to saving on fuel was the 
re-use of incompletely burnt pieces of coal. To 
this end, the housewife had to sift them from 
the ashes through “tiresome and dirty work” 
which she was supposed to do in the morn-
ing before reheating the stove.93 If the house-
wife took this advice on the re-use of coal into 
account, she could “save a significant amount 
of money during the year”.94 

However, thrift in heating began with the pur-
chase of fuel. This meant, on the one hand, 
buying fuels (coal, wood, or peat) that were 
common in the neighbourhood as they were 
usually cheaper and, on the other hand, get-
ting certain fuels at a specific time. Wood or 
peat should be bought early in the year as they 
needed time to dry to burn well. Coal, on the 
other hand, should only be obtained right before 
the start of the heating period as its combustion 
properties would be impaired by long storage.95 

The relation of heating and health is only mar-
ginally discussed in “The Domestic Bliss”. Healthy 
heating was primarily linked to the condition of 
the stove, its maintenance, and cleaning by the 
housewife, and its regular inspection and pro-
fessional cleaning by the chimney sweep. Only 
a functional and clean stove could maintain the 
purity of the indoor air.96 In addition, excessive 
heating was criticised as being harmful to health. 
Unlike in the textbooks of hygienists, however, 
ventilation was not discussed in relation to heat-
ing, but rather in the context of cleaning work. 
Ventilating the whole dwelling by opening all win-
dows and doors was scheduled twice a day while 
the housewife was sweeping the rooms since 
this was a very dusty job.97

92 Ibid., 40. 
93 Ibid., 42.
94 Id.
95 Ibid., 40 
96 Ibid., 38–39.
97 Ibid., 23–24.
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The reason why the housekeeping manual does 
not relate hygienic heating to ventilation is not 
discussed further. The authors of the “Domestic 
Bliss” may have taken into account the real-
ity of life of working-class women which was 
characterised by a tight household budget that 
prohibited excessive ventilation during the heat-
ing season. It is more likely, however, that they 
assumed the self-evident necessity of ventilat-
ing as part of household chores. 

The art of heating healthily in the middle-
class household
Twenty years later, Emma Coradi-Stahl, a Swiss 
suffragette and founder of the “Schweizerischer 
Gemeinnütziger Frauenverein” published the 
housekeeping manual “Wie Gritli Haushalten 
lernt “(How Gritli learns to housekeep). It tells 
the story of Gritli, a young maid from the coun-
tryside who is introduced to the management 
of an upper middle-class household by the lady 
of the house.

In terms of heating, this housekeeping manual 
had a similar purpose as “The Domestic Bliss”, 
namely, to instruct its readers on how to create 
“the most healthy, comfortable heat with the 
least possible expenditure of fuel”.98 

However, in Coradi-Stahl’s housekeeping manual 
the creation of a healthy indoor climate was the 
core of proper heating. Each room of the large 
house was equipped with a thermometer and a 
different type of stove, covering all the stoves 
in use in Switzerland at the turn of the 19th and 
20th century: the wood-fired tiled stove, the 
coal-fired slow-burning stove, a petroleum stove, 
and a gas fireplace. 99  The protagonist of the 
book, Gritli, was taught to heat properly with all 
these stoves that had to be operated differently.

In contrast to “The Domestic Bliss”, which rec-
ommended only undefined, “moderate” room 
temperatures, the right temperature was a 
crucial point in Coradi-Stahl’s housekeeping 
manual. It depended on the room which was 

98 Coradi-Stahl, Wie Gritli, 46 (cf. note 22).
99 Id.

to be heated and its particular use. The head of 
the household, a professor who mainly worked 
in his study heated with a tiled stove, preferred 
a constant room temperature of 19 °C. This tem-
perature should also not be exceeded in the 
living and dining room. The drawing-room, which 
was used only temporarily and equipped with a 
gas fireplace, was to be heated according to the 
preferences of possible guests. The bedrooms, 
unlike the other rooms, were to be heated “only 
in the rarest cases, in severe frost or illness,” 
with petroleum stoves, but never more than 15° 
C.100 One of Gritli’s tasks was to check the room 
temperatures frequently and regulate the room 
climate accordingly. Consequently, the temporal 
patterns of heating followed the thermometer. 
On the one hand, the thermometer was to be 
used to check whether the intended room tem-
perature was reached. On the other hand, it told 
the housewife or the maid whether and how to 
regulate the room temperature. Depending on 
what temperature the thermometer indicated, 
it was necessary to add “more wood or better 
fuel” to raise the room temperature, do nothing, 
or open the window to lower it.101 

Regarding air purity, the housekeeping manual 
provided specific recommendations for venti-
lation. In this context, it took a similar posi-
tion to that of the hygienists, pointing out that 
the rural population was only concerned about 
having a warm room and did, therefore, not 
ventilate. Contrary to her belief, the maid Gritli 
experienced that proper ventilation - defined 
here as frequent, short and intensive airing - 
does not significantly reduce the room tempera-
ture. Additionally, Gritli also wished to teach her 
mother how to ventilate properly, to enable her 
family in the countryside to live a healthier life.102

Contrary to the housekeeping manual that was 
directed to working-class women, fuel-saving 
was hardly reflected in “How Gritli learns to 
housekeep”. The only reference to fuel savings 
was a comment on a new type of ash box with 

100 Ibid., 47.
101 Id.
102 Ibid, 50.
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an integrated ash strainer with which the resid-
ual coal could be easily sieved out of the ash 
and reused.103 

It is worth noting that Coradi-Stahl’s recom-
mendations on heating contradicted certain 
instructions from stove manufacturers and 
fuel experts, notably on efficient heating. In the 
second half of the 19th century, stove manu-
facturers had increased the efficiency of their 
products in two ways: Firstly, a stove’s design 
was oriented to the size and heat requirements 
of the location in which it was used. Secondly, 
stoves were increasingly adapted to the com-
bustion of certain fuels, not limited to wood or 
coal, but oriented towards specific types of coal. 
For reasons of efficiency, heating and fuel spe-
cialists recommended in journals or specialist 
publications,104 in newspaper advertisements105 
as well as in public lectures,106 to always use 
the most suitable type of coal for the respective 
heating system.

In an advertisement that was published in a 
Swiss Newspaper in 1890, and explicitly directed 
to housewives, the German stove manufacturer 
Junker & Ruh promoted the use of one of its 
stoves as “a pleasure and not a bother”, but only 
if housewives know how to operate it. While the 
manufacturer designed stoves according to sci-
entific principles to ensure that all requirements 
for hygiene, efficiency, and usability were met, 
the housewife was responsible for guaranteeing 
that the stove satisfied these criteria in practice. 
Thus, housewives had to acquire the necessary 
knowledge, by studying the user manual and fol-
lowing strictly the instructions that additionally 

103 Id.
104 E.g. Rietschel, Leitfaden, 106 (cf. note 60), o. A., “Die 
Ökonomie der häuslichen Heizung: Nach dem Rathaus-
Vortrag vom 18. Januar 1906, gehalten von Prof. Dr. E. J. 
Constam in Zürich”, Schweizerische Bauzeitung vol. 47, n° 
11, 1906, Joh. Eugen Mayer, “Sachgemäße Beheizung unserer 
Wohnräume”, Illustrierte schweizerische Handwerker-Zeitung 
vol. 30, n° 34, 1914.
105 e.g. Zuger Volksblatt, “Der Junker & Ruh-Ofen: 
Advertorial”, Oct. 8, 1890, 128–134, C. Baerlocher, “Vom 
Heizen”, Wohnen vol. 2, n° 11, 1927.
106 o. A., “Ökonomie der häuslichen Heizung” (cf. note 104).

included the use of the right fuels.107 Likewise, in 
1894, the grocer and fuel retailer Aldinger-Weber 
& Co. in St. Gall promoted specific coal types 
for different heating systems as well as for spe-
cific purposes. “Belgian cube coal”, for instance, 
was advertised as “excellent for coke stoves or 
hearths with grates”, “washed cube coal from the 
Ruhr region” as “low fuming, for steam engines, 
furnaces, and hearths”, “Anthracite from Belgium 
and England” as “[…] designated for the use in 
American stoves”, and “Bärlocher-Kohlen from 
Augsburg” as “[…] excellent for ironing” (see 
figure 1).

Figure 1: Advertisement for distinct types of coal and peat, 
Aldinger-Weber & Co. 1894.108

107 “Junker & Ruh Ofen, Advertorial 1890” (cf. note 105).
108 Die Ostschweiz, “Werbeanzeige der Firma Aldinger-
Weber & Co. für Kohlen”, Dec. 21, 1894.
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The housekeeping manual of Coradi-Stahl, how-
ever, did not take necessarily such expert rec-
ommendations into account but rather reflected 
the author’s practical experiences. According to 
her, heating corresponding to her suggestions 
would have proved to be the best way for con-
trolling the indoor climate. Even if tiled stoves 
were not suitable for coal, she recommended 
mixing coal with wood when the room ther-
mometer indicated an insufficient temperature 
to quickly balance it out. Additionally, Coradi-
Stahl did not consider the heat storage capac-
ity of the tiled stove; she suggested operating it 
continuously, which meant that a certain amount 
of fuel had to be added from time to time. This 
contradicted the usual way of operating a tiled 
stove, which involved lighting a strong fire and 
then closing the stove’s door to take advantage 
of the radiant heat. Its continuous operation 
suggested by Coradi-Stahl simplified tempera-
ture control but reduced the stove’s efficiency.109 
As her recommendations show, efficiency and 
thrift did not matter for the author. 

As it was shown in this section, health could 
compete with thrift in the realisation of a 
healthy indoor climate through heating and ven-
tilation, which was particularly expressed in the 
housekeeping manual for working-class women. 
Here, the main goal for heating was to save 
fuel; healthy or comfortable room temperatures 
played a subordinate role. It is noteworthy that 
this housekeeping manual, in contrast to the 
hygienists’ views, does not locate the realisation 
of a healthy indoor climate within the sphere 
of influence or the responsibility of the house-
wife, but rather relates it to the condition of the 
chimney and stove. In the housekeeping manual 
aimed at women managing a middle-class 
household, on the other hand, rooms were to 
be heated to a temperature that was within the 
range defined as healthy by hygienists, regard-
less of energy use or personal comfort sensa-
tion. In addition, a healthy indoor climate was to 
be realized through the activities of the house-
wife, i.e. it was her responsibility.

109 Coradi-Stahl, Wie Gritli, 47 (cf. note 22).

CONCLUSIONS 

In the second half of the 19th century, domestic 
hygiene envisioned and defined an ideal indoor 
climate and endowed it with healthy properties 
so that the “idea of comfort adopted a new ther-
apeutic nuance”, as Prieto phrased it in 2016.110 
This new nuance contrasted the common notion 
of controlling the indoor climate – the cheapest 
possible heating of a room to feel more or less 
comfortable– at least for some time. 

According to the values of the hygiene movement 
and the scientific knowledge of the time, the 
characteristics of a healthy indoor climate, such 
as air purity, a certain temperature range, which, 
however, differed from region to region, and 
humidity, could be achieved by using suitable 
stoves, such as the tiled stove in Switzerland, 
but above all by ventilation. Although indoor cli-
mate depends heavily on the buildings them-
selves, on energy used, and on the technologies 
available to control it, hygienists considered it 
a question of individual behaviour, of good and 
bad habits, and thus a personal responsibility. 
In this context, hygienists introduced healthy 
indoor climate, and air purity in particular, as a 
social norm that was to be followed by the entire 
population for the sake of health. They identified 
healthy room climate in cultivated middle-class 
households as the ideal that should also find 
its way into working-class and peasant homes. 

The medicalisation of the domestic sphere by the 
hygiene movement was disseminated by domes-
tic science education to all social classes and 
put more pressure on women to promote health 
as an ultimate service for the wellbeing of their 
families.111 In the household, health met another 

110 Eduardo Prieto, “The Welfare Cultures: Poetics 
of Comfort in the Architecture of the 19th and 20th 
Centuries”, in Franz Graf and Giulia Marino (eds.), Building 
Environment and Interior Comfort in 20th Century 
Architecture: Understanding Issues and Developing 
Conservation Strategies (Lausanne: Presses Polytechniqes 
et Universitaires Romandes, 2016), 62.
111 Ruth Cowan Schwartz, More Work for Mother: The 
Ironies of Household Technology from the Open Heart to 
the Microwave, 2nd ed. (New York: Basic Books, 1983), Joel 
Mokyr, “Why ‘More Work for Mother?’: Knowledge and 
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value, namely thrift, which was of paramount 
importance among the poor. Here, instructions 
on heating focused on fuel savings, while health 
was conceived as a value subordinated to thrift 
that depended on a well-functioning and clean 
stove and chimney. In the middle-class home, 
health was at the core of the recommenda-
tions for heating, with the housewife in charge 
of the corresponding “proper” room climate. In 
this context, there was a strong emphasis on 
self-responsibility. 

It can be assumed that the widespread imple-
mentation of the hygienists’ vision of a healthy 
indoor climate failed at first, as indoor climate 
was finally controlled by ordinary people and not 
by experts for hygiene. Nevertheless, the concept 
of room climate as being important to human 
health had some long-term consequences. It 
was the basis of and contributed significantly to 
the globally effective standardisation of indoor 
climate and to the institutionalisation of build-
ing physics as well as heating and ventilation 
technology as sciences. In addition, it led to 
a new awareness of healthy living and com-
fort. In this context, thermal comfort, of which 
indoor climate is the most essential component, 
became a topic to be researched especially in 
the 20th century.112 This turn towards thermal 
comfort was also to become evident in the first 
decades of the 20th century in “new forms of 

Household Behavior, 1870-1945”, The Journal of Economic 
History vol. 60, n° 1, 2000.
112 E.g. Janssen, “History” (cf. note 47) Jos Tomlow, 
“Bauphysik und die technische Literatur des Neuen Bauens”, 
Bauphysik vol. 29, n° 2, 2007.

urban development” and “new forms of housing 
that reconcile the functional imperatives of a 
modern metropolis with the new health require-
ments”113, as well as in residential buildings 
themselves. Technical devices, such as central 
heating (and air-conditioning in the US114) con-
tributed to domestic hygiene and bodily comfort, 
initially above all in the wealthier, middle-class 
households.115 Ultimately, the medicalisation of 
indoor climate as an “invisible energy policy”116 
led to high energy consumption for heating and 
cooling buildings in Europe and corresponding 
increasing greenhouse gas emissions from the 
second half of the 20th century onwards.117

In view of global climate change, Swiss energy 
policy, similar to the hygiene movement concern-
ing health, relies on personal responsibility118 to 
promote energy-saving behaviour. This includes 
“proper” heating and ventilation, for which the 
Federal Office of Energy provides instructions.119 

As this essay has shown, both the idea of per-
sonal responsibility and instructions on the 
proper management of the indoor climate (i.e. 
heating and ventilation) have a long tradition 
dating back to the end of the 19th century. But 
their central motivation shifted from personal 
health and thrift to global concerns such as 
global climate change and energy scarcity. 

113 Dieter Schott, Europäische Urbanisierung (1000 - 2000): 
Eine umwelthistorische Einführung (Köln: Böhlau, 2014), 278.
114 Ackermann, Cool Comfort (cf. note 6).
115 Katrin Eberhard, Maschinen zuhause: Die Technisierung 
des Wohnens in der Moderne, 1st ed., Architektonisches 
Wissen (Zürich: gta Verlag, 2011).
116 Royston, Selby, and Shove, “Invisible,” (cf. note 12).
117 E.g. Oswaldo Lucon et al., “Buildings”, in Ottmar et al. 
Edenhofer (ed.), Climate change 2014: Mitigation of Climate 
Change: Working Group III contribution to the Fifth assess-
ment report of the Intergovernmental Panel on Climate 
Change (Cambridge: Cambridge University Press, 2014).
118 Anna Suppa et al . ,  Zusammenhang zwischen 
Einkommens- und Energiearmut sowie die Folgen energe-
tischer Sanierungen für vulnerable Gruppen. Eine qualitative 
Analyse (Grenchen: Bundesamt für Wohnungswesen, 2019), 
54–55.
119 Energiefachstellen der Kantone and EnergieSchweiz, 
Komfortabler Wohnen – alles rund ums Heizen und Lüften 
(Bern: 2016).
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INTRODUCTION

The use of solar energy in West African coun-
tries is a matter of independence, development, 
and—in many instances—one of survival for the 
population. Solar energy has raised questions 
from the independence of 1960 up through 
the present. Would it reduce rampant defor-
estation? Would it foster greater energy inde-
pendence? Would it be a lever for increasing 
the standard of living? These questions have 
recurred over the decades, and make this sub-
ject intensely topical.

The interest of West African countries in solar 
energy is in keeping with a very rich international 
context dating back to the early 1950s. From 
1951 onward, the United Nations Educational, 
Scientific, and Cultural Organization (UNESCO) 
was behind major efforts in arid zones.1 These 
efforts were punctuated by a Symposium on 
Wind and Solar Energy held in New Delhi in 1955, 
and a Symposium on the Problems of the Arid 
Zone in Paris in 1960.2 

The development of research on solar energy 
in the 1960s produced early achievements, and 
raised the crucial and central question of the 
sector’s possible industrialization. This indus-
trialization would lower production costs; give 
local populations access to solar devices that 
would improve standard of living by providing 
hot water and better conservation of agricul-
tural products; and provide solar water pumps 
for direct use by the local population, livestock, 
and for agricultural irrigation purposes.

For the historian, writing this history faces the 
challenge of assembling African sources that 
support this. The absence of documentation 
in Africa for this history requires the historian 
to use complementary sources. United Nations 
(UN) archives—especially those of Bertrand 

1 UNESCO, Arid Zone Programme: report of the second 
session of the Advisory Committee on Arid Zone Research, 
3-5 September 1951 (Paris: UNESCO, 1951), 6.
2 UNESCO, The Problems of the arid zone: proceedings 
of the Paris Symposium (Paris: UNESCO, 1962).

Châtel3—have proven invaluable. They com-
pensate for the meager documentation avail-
able for these specific issues. A few authors 
have worked on the history of solar energy in 
West Africa, including Sophie Pehlivanian4 and 
Frederic Caille,5 who have explored these ques-
tions via the French Company for Thermal and 
Solar Energy Studies (SOFRETES). They have 
both crafted a history of thermodynamic solar 
energy in the region. These important contribu-
tions are sometimes limited to a single actor, 
and are therefore incomplete for the purposes 
of writing a more general history.

The brief history of solar energy in West Africa I 
will present here focuses on sciences and tech-
nology in Africa, development, and African insti-
tutions. It is a major contribution by virtue of 
its many cross-cutting issues. This history gives 
careful consideration to the international con-
text, thereby integrating events within a broader 
international and African history. At the same 
time, careful attention is given to West African 
scientific policies, the establishment of new 
technologies in the region such as photovoltaic 
solar energy, and emphasis on issues relating to 
dependence and development. 

This history begins in 1960, a time marked by 
the independence of multiple countries in West 
Africa, and ends in 1987 in the aftermath of the 
oil counter-shock that saw a sharp drop in the 
price of black gold. This was a key moment, in 
which the solar industrialization dreams of West 
African countries came to an end.

This history explores how the emergence of 
solar institutes in the 1960s led to dreams 

3 Bertrand Châtel (1920 – 2013) was the director of sci-
entific and technological applications between 1968 and 
1979 at the Office for Science and Technology, an Office of 
the United Nations Secretariat.
4 Sophie Pehlivanian, Histoire de l’énergie solaire en 
France, Science, technologies et patrimoine d’une filière 
d’avenir (Ph.D. dissertation, Université de Grenoble, 
2014).
5 Frédéric Caille, « L’énergie solaire thermodynamique 
en Afrique. La Société française d’études thermiques et 
d’énergie solaire, ou Sofretes (1973-1983) », Afrique con-
temporaine, n°1-2, 2017, 65-84.
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of regional solar industrialization in the 1980s. 
What were the limits of these industrial proj-
ects? Why did this industrialization fail?

The emergence of West African solar institutes 
during the 1960s was a first step that fostered 
future achievements as well as the arrival of 
new international actors in the 1970s. It led to 
the establishment of solar industrial projects by 
West African countries in the 1980s.

1. EARLY SOLAR ACTIVITY IN WEST AFRICA 
(1960-1973)

The first steps of solar development in West 
Africa occurred within a context of scientific 
conferences, which connect this African history 
with broader international issues. In addition to 
UNESCO’s arid zone research cited above, the 
United Nations Economic and Social Council 
(ECOSOC) brought together scientists from 
around the world for the UN Conference on 
New Sources of Energy held in Rome in 1961. 
This conference helped raise international 

awareness regarding the potential future of 
solar, wind, and geothermal energy. 

The 1960s were also characterized by the adop-
tion of scientific policies by developing coun-
tries, initially as part of the UN Conference on 
the Application of Science and Technology for 
the Benefit of the Less Developed Areas (1963), 
and later of the Lagos Conference (1964). The 
former explored the use of innovation to accel-
erate development and reduce the technological 
gap between countries, while the latter asked 
each African state to create the institutions 
required to plan their scientific policy. 

The development of solar energy in West Africa 
is thus at the intersection of a broader his-
tory, and is related to various issues such as 
a desire for national economic development, 
a reduction in the technological gap between 
countries, a desire for energy independence, 
the international development of solar energy, 
and the construction of scientific policy in each 
African state.

10

11

Figure 1: Map of Western Africa
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Meeting of Scientists at the IPM in Dakar 
(Senegal)
In Senegal, the development of solar energy was 
not driven by the state, but rather by mem-
bers of the scientific community. Senegal is an 
exception thanks to its early development of 
solar power as well as the extent of the activ-
ity. The solar adventure in Senegal began in the 
1960s, through the research conducted on solar 
energy in the late 1950s by the French scientist 
Henri Masson. He was the Dean of the Dakar 
Faculty of Science in 1958, where he created 
the Institute for Meteorological Physics (IPM) on 
February 25, 1960.6

The following year, Professor Masson met Jean-
Pierre Girardier of France, a student at the 
Polytechnic School in Zurich, who began his 
military service in 1961 at the age of 27, in the 
middle of the Algerian War. Girardier traveled to 
Dakar as soon as he had an opportunity, and met 
Masson, who asked him to extract cold water 
from the Sahelian subsoil by using the sun’s heat 
to create a mechanism producing energy based 
on Carnot’s principle. 

“I have a little job for you. It is quite simple. You 
see, there is a ton of solar in the country. It’s 
what I call the hot source. The number one 
need of these countries is water, and there is 
a lot of it in the subsoil. We can see this as 
a cold source. According to Carnot’s second 
principle, we should be able to install a mech-
anism between them that can produce energy. 
We need to develop a machine that really works 
in the sun based on Carnot’s principle.”7

Girardier wrote his doctoral dissertation on this 
topic, and in 1962 built the world’s first ther-
modynamic solar pump, named Secra.8 He 
defended his dissertation the following year at 

6 Henri Masson, « Institut de physique météorologique 
de la Faculté des sciences de Dakar », Bulletin COMPLES, 
Coopération méditerranéenne pour l’énergie solaire, n°2, 
1962, 7.
7 Jean-Pierre Girardier, L'homme qui croit au soleil, un 
pionnier de l’énergie solaire (Paris : Les éditions du Cerf, 
1979), 15.
8 Ibid., 29.  

the University of Dakar, and began to build a new 
enhanced pump in 1964. 

That same year, Girardier also completed his mil-
itary service. He returned to France and con-
tinued his research remotely with Masson; he 
ultimately joined the Pierre Mengin family fac-
tory, which produced hydraulic pumps, where he 
made the Ittec solar collector using the factory’s 
equipment and 11 million old francs in financing 
from the French National Center for Scientific 
Research (CNRS).

Girardier then began constructing a new exper-
imental pump named Nadje at the IPM in 1968 
(Figure 2). The pump has a 12 m² collector and 
an output of 1,200 liters per hour for 5-6 hours.9 

A lack of financing and the high price of motors 
prompted him to build his own motor, which he 
incorporated into his pumps. This motor was 
called the M.G.S 2000, in reference to Masson, 
Girardier, and Segal in 1968.

The French Ministry of Cooperation ordered 
two pumps. One was called Segal, and was the 
first to include this new motor; it was put into 
service at the IPM in 1969. It is pictured below 
(Figure 3), and has an 88 m² collector, an impos-
ing structure that operates 5-6 hours per day, 
and yields 6 m³ of water per hour. The other was 
named ONERSOL after the Nigerien solar lab-
oratory to which it was sent. Girardier’s team 
shipped a number of pumps abroad, especially 
to the Upper Volta (Burkina Faso), where the 
pump Ouaga was installed at the Inter-state 
School of Rural Equipment Engineers (EIER) in 
Ouagadougou in 1971.

Another pump was installed in Mauritania. The 
management of the Mauritania Iron Mining 
Company (MIFERMA) travelled to Dakar, and 
wanted to offer a gift to the Senegalese gov-
ernment. The management was won over by 
the Segal pump and placed another order for a 
pump, which it installed in the city of Chinguetti 

9 Henri Masson, Rapport sur l’utilisation de l’énergie 
solaire pour le pompage de l’eau en zones arides, 1973, 8.  
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(Mauritania) in 1973.10 What was distinctive 
about this solar pump (Figure 4) is that it was 
installed in a school. The solar collectors placed 
on the roof provided natural air conditioning for 
classrooms. The decision to build it on top of a 
school was not inconsequential, as it demon-
strated the change in lifestyle brought about 
by the installation of a solar pump in a vil-
lage. The pump profoundly changed the popu-
lation’s habits, provided easy access to water 
near homes, and did away with the drudg-
ery of walking kilometers each day to reach a 
water source. This change lightened the phys-
ical burden on inhabitants, shifted places of 

10 Jean-Pierre Girardier, L'homme qui croit au soleil, un 
pionnier de l’énergie solaire, op. cit., 30.

socialization, and enabled considerable time 
savings, thereby allowing women to work (agri-
culture, commerce), while children attended 
school. 

Solar energy thus contributed to the develop-
ment of countries in the region in the 1960s. 
The Chinguetti pump was expected to supply 
2,000 homes and operate 5 to 6 hours per day, 
but poor projections and a lack of water in the 
subsoil only permitted it to operate 30 minutes 
to 1h per day.11

11 CEA, Sommaire des activités et des réalisations en 
matière d’utilisation de l’énergie solaire en Afrique, Niamey, 
20 December 1978, 16.

20

Figure 3: Photographs of the Segal (left) and Ouaga (right) pumps. Source: Private archives of 
Bertrand Châtel.

Figure 2: Photograph of the Nadje pump. Source: Private archives of Bertrand Châtel, Chief of 
Scientifi c and Technical Applications, Offi  ce of Science and Technology, United Nations General 
Secretariat (1968-1979).
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The development of solar energy in Senegal was 
driven by the scientific community, and was 
based primarily on the construction of ther-
modynamic solar pumps. The Senegalese case 
is an exception in West Africa, for while other 
countries in the region were interested in solar 
energy, its development was now a choice made 
by heads of state, who established a scientific 
policy in keeping with the Lagos conference in 
1964.

LESO Created as Part of Malian Scientific 
Policy
The development of solar energy in Mali began 
under the impetus of President Modibo Keita, 
who in 1963 created the Solar Energy Laboratory 
(LESO) in Bamako12 as part of a Malian scien-
tific policy, in which the LESO was part of the 
National Laboratory for Public Works upon its 
creation. The latter was managed by a French 
contract worker who tried, with limited means, 
to produce a number of solar demonstration 
prototypes, in an effort to raise awareness 
among the population regarding the importance 
of solar energy.

The following year, in 1964, LESO became an 
independent organization. It had its own build-
ing: a hangar and two offices located at the 

12 Ministère des Mines, de l’Energie et de l’Eau du Mali, 
Répertoire énergétique du Mali, Dans le cadre du projet PPP : 
Etablissement d’un cadre de dialogue pour la promotion 
du partenariat public-privé dans le secteur de l’énergie, 
European Union Energy Initiative, 2006, 14.  

courtyard entrance of the Central Garage for 
Military Engineering in Dar-Salam, a neighbor-
hood in the north of Bamako. The institution was 
managed by Abdou Moumouni Dioffo of Niger, a 
professor and holder of an agrégation in phys-
ics, who became LESO’s first director. The phys-
icist’s dynamism and perseverance helped make 
the hangar into a general mechanics workshop 
equipped with machine tools bought with grants 
from the Malian government. The laboratory also 
received financial assistance from Israel13 that 
allowed it to launch an initial phase of activity 
and studies for various devices between 1964 
and 1967.

The laboratory’s independence does not mean 
that it was not part of a larger national scien-
tific blueprint. It became an entity in its own 
right within the context of a scientific policy 
coordinated by the National Scientific and 
Technological Research Council (CNRST). LESO 
thus developed as part of the organization and 
planning of a Malian scientific policy. It was then 
placed under the administrative supervision of 
the State Secretariat for Energy and Industry 
around 1967, when a trace of this organization 
appears in a UNESCO document.14

13 Jean-Claude Woillet, Maise Allal, International Labour 
Office, Répertoire des Instituts africains de technologie 
(Geneva: International Labour Organization, 1984), 16.  
14 UNESCO, Rapport de consultation sur la politique sci-
entifique au Mali (Paris: UNESCO, 1968), 12.  
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Figure 4: Drawing and photograph of the solar pump in Chinguetti. Source: Private archives of Bertrand Châtel.
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The year 1968 marked the beginning of a period 
of reorganization through which the laboratory 
obtained the infrastructure needed to conduct 
experiments. The following year there were only 
two people working in the laboratory,15 and in 
March Dioffo was called back to Niger to lead 
the Solar Energy Office of Niger (ONERSOL), as 
we will see below. The atomic and thermophys-
ics engineer Cheickna Traoré subsequently took 
the helm at LESO.

LESO focused on the application and diffusion 
of knowledge for both direct and indirect solar 
energy. It concentrated its research on the coun-
try’s important solar resources, as well as devel-
oping prototypes for water heaters, ovens, and 
solar cookers, with their production leading to 
fundamental applications for the country. 

Let us consider the example of distilled water. 
Mali cruelly lacks it and has a substantial need for 
it for car batteries, pharmaceuticals, and other 
health products. What’s more, if distilled water 
is accompanied by chemical processing, it can 
make polluted and brackish water potable. In 
1970, LESO began to supply military engineering 
units, the Malian Railway Company, the adminis-
trative garage, and some private garages as well.16

The laboratory also sought to develop solar drying 
for agricultural products, which is more hygienic 
that drying on the ground. The solar process 
enables better conservation, reduces loss, and 
increases agricultural production. LESO pro-
vided solar dryers to the Malian Fruit Conserve 
Company (SOCOMA); to Opération pêche for 
drying fish; to the Malian Livestock, Hide, and 
Leather Company (SOMBEPEC) and the Malian 
Livestock and Meat Office (OMBEVI) for drying 
meat; to the Malian Tannery for hides to pro-
duce shoes; and to the Briqueterie for the pro-
duction of bricks.

Dioffo’s departure for Niger does not seem to 
have affected LESO’s research and production, 

15 CEA, Sommaire des activités et des réalisations en 
matière d’utilisation de l’énergie solaire en Afrique, op. cit., 24.  
16 Idem.

although it underscores the connections, com-
munications, and exchanges that existed 
between West African countries, challenging 
the notion that each country developed inde-
pendently. The connection between Mali and 
Niger does not stop there, as solar develop-
ment in Niger and the creation of ONERSOL also 
grew out of state efforts,17 which simultaneously 
enjoyed UN support.

ONERSOL, A Solar Laboratory in Niger with a 
Regional Dimension
The United Nations Economic Commission for 
Africa (UNECA) creased ONERSOL in Niger by 
adopting Resolution 113 (VI) on March 2, 1964,18 
emphasizing West Africa’s climactic predispo-
sition for solar energy, and thereby helping to 
combat deforestation (Figure 5).

In particular, the resolution recommended cre-
ating “an experimental solar energy center [in 
Niamey] tasked with developing various proto-
types of solar devices and diffusing the results of 
experiments.”19 A resolution approved on August 
14, 1964 by ECOSOC soon established Niamey as 
the African center for solar development.

17 Présentation du Centre national de l’énergie solaire 
(CNES) au Niger – Historique du CNES : 
U R L  :  h t t p : // w w w . c n e s . n e / i n d e x . p h p /
presentation-fr/85-cnes-niger
18 Economic Commission for Africa, Utilization of solar 
energy, Resolution 113 (VI) adopted by the Commission at its 
113th plenary meeting on 2 March 1964, Addis-Ababa, 1964, 1.  
19 Idem.  
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Figure 5: Map of the world’s sunshine. Source: Brochure 
RTC La Radiotechnique-Compelec, Cellules solaires (Paris: 
2e trimestre 1979), 33.
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The center’s “regional”20 dimension was con-
firmed by the Nigerien government in the bill 
dated May 5, 1965 passed ten days later by the 
Nigerien National Assembly, officially creating 
the Office of Solar Energy (law no. 65.033).21 
The law established the objectives for the new 
organization, and asked ONERSOL to create an 
experimental solar energy center, conduct solar 
energy measurements, study solar prototypes, 
and develop applied research. ONERSOL became 
an industrial and commercial public institution 
under the administrative supervision of the Head 
of State and the Ministry of Public Works, work-
ing closely with the Water Committee of the 
Commissariat for Development.

ONERSOL’S first director was Bernard Bazabas 
of France,22 an engineer from Martinique who 
held this post from 1966 to 1969. He received 
assistance from two experts: the first was from 
Australia, a specialist in measuring solar radi-
ation, who stayed in Niamey from December 
13, 1966 to May 29, 1967; the second was from 
France, and stayed in Niamey from April 1 to 
June 30, 1968. 

The first ONERSOL administration, which lasted 
from 1966-1968, saw a few tests and proto-
types for solar cookers, ovens, and water heat-
ers.23 The organization’s funding was divided 
into two categories: national and foreign. The 
former included funding from the Nigerien gov-
ernment, and the latter from the French Fund 
for Aid and Collaboration (FAC), Libyan aid, the 
United Nations Development Programme (UNDP), 
and UNESCO.

ONERSOL grew in scope in 1969 with the arrival 
of Dioffo. At the same time, the FAC granted 
32 million CFA francs to ONERSOL—more than 

20 Résolution 1033 B (XXXVII) – E/RES/1033(XXXVII), Conseil 
économique et social des Nations Unies, Nouvelles sources 
d’énergies, 1350e séance plénière, 1964, 8-9.
21 CEA, Sommaire des activités et des réalisations en 
matière d’utilisation de l’énergie solaire en Afrique, op. cit., 32 
22 Abdou Mahaman Dangon, A guide to sustainable energy 
in West Africa (Cambridge Scholars Publishing, 2020), 67.  
23 ONUDI (UNIDO), Niger, Rapport technique : La situa-
tion et les perspectives d’évolution de l’Office national de 
l’énergie solaire (Vienna: ONUDI, 1991), 12.    

double the 1967 budget—to purchase equipment 
and provide the laboratory with more resources. 
Then came the arrival of the solar thermody-
namic pump Onersol (Figure 6), with a 60 m² 
collector and an output of 6-7 m³ of water per 
hour for 5-6 hours.24 

Experimentation with solar devices (water heat-
ers and solar distillers) led to the first installa-
tions in private homes in 1971, as well as in high 
schools and public buildings. The sale of ten 
solar distillers paved the way for making this 
product more widely available.

At the same time, in 1966 Niamey launched 
the Niger School Television (TVSN) program 
to improve the level of primary school educa-
tion in rural areas. Two years later, the tech-
nical services of TVSN and ONERSOL installed 
an experimental photovoltaic solar panel to 
power a television for educational purposes 
in Gondel, a village near Niamey. This panel 
(Figure 7) could power a television set for 30 
hours per week from October to June.25 After 
an application study by the French National 
Radio-Television Office (ORTF), six other instal-
lations followed in 1972; twenty-two classes 
were equipped in 1973, allowing 800 students 

24 Henri Masson, Rapport sur l’utilisation de l’énergie 
solaire pour le pompage de l’eau en zones arides, 1973, 9.  
25 National Academy of Science, Renewable Resources 
and Alternative Technologies for Developing Countries 
(Washington D. C.: Agency for International Development, 
Office for Science and Technology, 1976), 104-105.  
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Figure 6: Photograph of the Onersol pump. Source: private 
archives Bertrand Châtel.
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to take advantage of this medium. The gov-
ernment sought to extend this success to 80% 
of the population by 1985.

It should be noted that IPM, LESO, and ONERSOL 
were not the only ones in West Africa developing 
solar energy. While they were the most import-
ant bodies in this field in the 1960s, there were 
also some voltaic experiments in Ghana, Guinea, 
and Ivory Coast. 

It is increasingly clear that each country did 
not develop solar energy independently, for 
there were links between organizations, as sug-
gested by Dioffo’s move from LESO to ONERSOL. 
These links began to take shape in the 1970s, 
when countries combined their efforts as part 
of numerous institutional, industrial, and solar 
projects.

2. EXPANDING SOLAR PROJECTS AND 
ACTORS (1973-1979)

The early 1970s were a time of change in West 
Africa, one that saw a succession of economic, 
energy-related, and environmental crises that 
led to the creation of new institutions and solar 
efforts in the region. 

From an institutional point of view, new eco-
nomic organizations were created in the area: 
the Mano River Union (MRU) in 1973 and the 
Economic Community of West African States 
(ECOWAS) in 1975. These institutions emerged 

from a broader vision that grew out of the first 
Pan-African Conference held in Addis Ababa, 
Ethiopia in 1963, which saw the creation of the 
Organization of African Unity (OAU).26 One of the 
OAU’s goals was to foster economic ties between 
states, especially in the form of customs and 
monetary unions, as well as to encourage shared 
exploitation of wealth, rivers, etc. 

This period of institutional creation went hand in 
hand with Nigeria’s emergence in West African 
spheres of influence. The end of the Nigerian 
Civil War in 1970 allowed Nigeria to become an 
unquestionable regional and continental power 
owing to its many natural resources, its popu-
lation of 80 million inhabitants, and the edu-
cational opportunities created by its many 
universities. The country thus enjoyed unparal-
leled influence in the region.

Creation of the Regional Center for Solar 
Energy (CRES)
In  response to Niger ia’s  r is ing power, 
Francophone states27 met on June 3, 197228 
in Bamako as part of a new organization, the 
West African Economic Community (WAEC). The 
community was a trade zone involving various 
areas such as agriculture, industry, transport, 
and communications, along with solar energy 
after the signing of ten additional protocols in 
Abidjan in 1973.29

Member states of the WAEC and the Permanent 
Interstate Committee for Drought Control in the 
Sahel (CILSS) were soon targeted by a UN inter-
agency mission30 from April 16 to May 3, 1975. 
The mission, which was organized by the UNDP, 

26 E. Kane, Problèmes juridiques et économique de la 
CEAO (Master’s thesis, Académie économique de Poznań, 
1988), 6.  
27 Ivory Coast, Dahomey (modern-day Benin), Upper Volta, 
Mali, Mauritania, Niger, and Senegal.
28 E. Kane, Problèmes juridiques et économique de la 
CEAO, op. cit., 9.
29 CEAO (WAEC), Rapport sur le colloque énergie solaire 
et development, Bamako, 28 September-2 October 1976, 1.  
30 The mission consisted of a UNDP representative, who 
was joined by representatives from UNESCO, the United 
Nations Industrial Development Organization (UNIDO), and 
the Office of Technical Cooperation (OTC).
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Figure 7: Photograph of the solar panel of a school television 
in Niger in 1968. Source: RTC La Radiotechnique-Compelec, 
Cellules solaires, op. cit. 25.
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travelled to Senegal, Gambia, Mauritania, Mali, 
Upper Volta, and Niger in an effort to identify and 
learn more about research institutions studying 
solar energy.

The mission concluded that Mali and Niger had 
centralized research policies for solar energy 
(LESO and ONERSOL), while other countries had 
multiple organizations. For instance, the EIER, 
Ministry of Rural Development and Hydraulic 
and Rural Equipment, and Ouagadougou High 
School all coexisted in the Upper Volta; the same 
was true of the General Delegation for Scientific 
and Technical Research (DGRST), the IPM, and 
the University Institute of Technology (IUT) in 
Senegal. 

Each of these countries studied—at very dif-
ferent levels—how to use solar energy to pump, 
heat, and distill water, or to dry food for conser-
vation purposes. When the mission was com-
plete, the experts recommended the creation 
of a Regional Centre for Solar Energy.

One year later, WAEC member states met in 
Bamako from September 28 to October 2, 197631 
as part of the Solar Energy and Development 
conference. The gathering provided an oppor-
tunity to present the energy-related difficulties 
faced by countries, as well as to emphasize their 
energy dependence, the high price of oil, the 
excessive use of firewood, and their desire to 
preserve the environment. Solar energy thus held 
potential for these countries, which called for 
the creation of a “regional center for solar energy 
research and development.”32 The project raised 
great hopes. 

However, it took two years before the center was 
officially created during the Fourth Conference 
of WAEC Heads of State, held in Bamako in 
October 1978. WAEC heads of state had great 
hopes for this center, and produced a docu-
ment entitled Major Community Projects, which 

31 CEAO, Rapport sur le colloque énergie solaire et devel-
opment, op. cit., 1.
32 Anonymous, « Le Colloque de Bamako », Agecop 
Liaison, Bulletin de l’Agence de coopération culturelle et 
technique, n°32, 1977, 5-6.  

touched on various issues including the cre-
ation of CRES in Bamako.

Following this decision, WAEC member states 
asked UNESCO to prepare a feasibility report 
for CRES, which was presented to the economic 
community a few months later on June 23, 1979. 
UNESCO called the creation of CRES a “neces-
sity,”33 and believed that a regional organization 
would centralize funding, produce photovoltaic 
solar devices for a large market, create econ-
omies of scale that could make solar devices 
more accessible, and generate profits.

The WAEC signed a number of cooperation 
agreements with CILSS in 1979, in addition to 
economic partnerships with the Organization 
of Petroleum Exporting Countries (OPEC), the 
African Development Bank (ADB), the European 
Economic Community (EEC), and notably FAC. 
CRES thus received aid from the international 
community thanks to the signing of numerous 
cooperation agreements, and at the same time 
took advantage of the growth of solar energy 
research in the region.

Intensifying Regional Research on Solar 
Energy
All of the region’s countries developed solar 
energy on their territory. Niger, Mali, and Senegal 
were the most advanced in the field, especially 
with respect to research on solar water heaters. 
The interest in these devices spread to other 
countries, with an experimental solar water 
heater being installed on the roof of the Faculty 
of Sciences building in Sierra Leone, and on the 
roof of the villa belonging to the Ivory Coast’s 
minister of tourism.

These countries’ interest in solar energy is 
reflected in the existence of no less than twen-
ty-five institutes focusing on this field in the 
region. In addition to the institutions cited 
above, there were numerous efforts in various 
countries, including those of the Department 

33 UNESCO, « Le centre solaire régional de Bamako, Mali. 
Une étude de l’Unesco », Le Courrier de l’UNESCO, 34e 
année, 1981, 29.  
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of Non-Conventional Energy of the Ministry of 
Rural Development in Cape Verde, the University 
of Abidjan in the Ivory Coast, Kumasi University 
in Ghana, the University of Conakry in Guinea, 
five research organizations in Senegal, and those 
belonging to the University of Sierra Leone in 
Freetown.

In the 1970s, Nigeria alone had ten organizations 
working in this field. With the exception of the 
Projects Development Institute in Enugu and the 
Nigerian Stored Products Research Institute in 
Lagos, these research organizations were part 
of universities. The Universities of Calabar, Ife, 
Jos, and Maiduguri took an interest in these 
solar subjects. More precisely, Amadou Bello 
University in Zaria and the University of Ibadan 
tested Guinard solar pumps in their laboratories, 
while the University of Nigeria in Nsukka worked 
on solar refrigeration, and the University of Lagos 
on the production of solar water heaters.

The example of Niger stands out from other 
countries in that its research contributed 
to the industrialization of its sector. In fact, 
Niger’s head start in solar research was such 
that ONERSOL established an industrial pro-
duction factory for solar devices, the first of its 
kind in West Africa. A study by the International 
Labour Office (ILO) in 1975 endorsed this proj-
ect, with construction lasting from September 
1975 to July 1976 in the industrial zone of Niamey. 
The buildings were paid, to the tune of 75 mil-
lion CFA francs, by the Nigerien government, 
while the purchase of equipment was funded 
by UNESCO’s Aid Fund of Saudi Arabia to Sahel 
Countries.34 ONERSOL’s activities were divided in 
two: a Research Department, and a Production 
and Sales Department to expand the produc-
tion of devices as well as industrial-scale man-
ufacturing of solar water heaters and flat-plate 
collectors.35

34 CEA, Sommaire des activités et des réalisations en 
matière d’utilisation de l’énergie solaire en Afrique, op. cit., 32.  
35 UNIDO, Niger, Rapport technique : La situation et les 
perspectives d’évolution de l’Office national de l’énergie 
solaire, op. cit., 12.

The development of solar energy in West Africa 
cannot be reduced to the work of these research 
institutes, as it was also inscribed on an inter-
national scale, with France playing an active role.

France Develops Photovoltaic Solar Energy in 
the Region
Numerous French companies exported their 
know-how to West Africa, including SOFRETES, 
which was created on October 10, 197336 by 
Girardier following UNESCO’s international con-
gress entitled The Sun in the Service of Mankind. 
In 1975, SOFRETES, which specialized in thermo-
dynamic solar energy, secured prestigious fund-
ing from the French Atomic Energy Commission 
(CEA) and the French Petroleum Company 
(today TotalEnergies), which it used to create 
the Prométhée economic interest group. This 
funding helped increase thermodynamic solar 
activity in West Africa and Mexico in particular. 

The year 1976 marked a turning point as well as 
the beginning of a partnership in the solar indus-
try between France and the United States; the 
latter had previously limited itself to its domes-
tic market, unlike France, which was an export 
market. This partnership lowered the cost of 
solar photovoltaic technology, increased produc-
tion, and gave French companies access to pho-
tovoltaic technology, while providing American 
companies with access to French-speaking mar-
kets, and hence those in West Africa.37

In 1976, the French Petroleum Company—a 
SOFRETES partner—invested in photovol-
taic solar technology by purchasing 51% of the 
shares of Photon-Power. It then joined forces 
with the American glass producer Libbey Ford, 
and secured the Baldwin group’s patents in the 
photovoltaic industry.38

36 Sophie Pehlivanian, Histoire de l’énergie solaire en 
France, Science, technologies et patrimoine d’une filière 
d’avenir (Ph.d. dissertation, Université de Grenoble, 2014), 
473-474.
37 Éric Didier, « Les différents accords conclus pour 
l'utilisation de l'énergie solaire », Revue Juridique de l'Envi-
ronnement, n°4, 1979, 339-348.
38 Idem.
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At the same time, the Leroy-Somer company, 
which was in the electrical motor industry and 
had owned Pompes Guinard since 1972, installed 
the first photovoltaic pump in 1975 in Propriano, 
Corsica. The following year, Leroy-Somer united 
with the Société nationale Elf Aquitaine (SNEA) 
and Piles Wonder to create the GEW economic 
interest group,39 in order to produce photovol-
taic solar pumping stations in isolated areas and 
develop solar television, lighting, telephony, radio 
relays, etc. However, Leroy-Somer had a minority 
stake in GEW, and in 1977 decided to approach 
the American company Solarex Corp., the world 
leader in photo-batteries. Together they created 
the France-Photon subsidiary,40 which enabled 
Leroy-Somer to produce solar panels at lower 
cost, and in particular to jointly produce the 
components for its photovoltaic solar pumps, 
while giving the American company access to 
West African markets.

The year 1976 was decisive for photovoltaic solar 
energy, especially with the launch of France’s 
New Energy for the Sahel program. This three-
year program (1976-1979) created by the Ministry 
of Cooperation as part of French-African rela-
tions would provide funds for French compa-
nies seeking to export solar devices, and would 
also fund projects in West Africa.41 The goal of 
the New Energy for the Sahel program was to 
respond to the urgent issue of access to water. 
It was behind a number of projects, which bear 
witness to a technological revolution in West 
Africa, as well as the transition from thermo-
dynamic to photovoltaic solar energy. 

This technological revolution in West Africa 
can be traced through a single person, Father 
Bernard Verspieren.42 Faced with the drought 

39 Solar Energy Research Institute (SERI), Characterization 
and Assessment of Potential European and Japanese 
Competition in Photovoltaics, (McLean, Virginia: SERI, 1979), 3-7.
40 Philippe Barbet, Les énergies nouvelles (Paris: Editions 
La Découverte/Maspero, 1983), 102.  
41 Willeke Palz, Photovoltaic Solar Energy Conference, 
Proceedings of the International Conference, held at Cannes, 
France, 27-31 October 1980 (Dordrecht: Reidel Publishing 
Company, 1980), 136.  
42 Bernard Verspieren (1924-2003) was born in north-
ern France to a family of industrialists from Roubaix. He 

that struck the region in 1973, Verspieren cre-
ated the Mali Aqua Viva association in 1974 to 
increase hydraulic drilling in Mali, and in 1975 
created two drilling workshops in the diocese of 
the city of San. Hand- or foot-operated manual 
pumps were initially installed, but their dura-
bility was challenged by intensive use and the 
difficulty of performing maintenance. 

In 1976 Father Verspieren travelled to Propriano, 
Corsica, where he discovered the first photo-
voltaic solar pump. It had been created in 1975 
by Pompes Guinard, and required no motion, 
thereby reducing use and maintenance com-
pared to manual pumps. Verspieren decided to 
adapt a new technique for his drilling in Mali 
by including the population in the effort (doing 
the groundwork, building walls to protect the 
pump from livestock, contributing funding for 
the pump, appointing a pump watchman, etc.)

The first photovoltaic solar pumps proved their 
worth in Africa, competing with thermodynamic 
solar pumps and eventually outshining them. Let 
us consider a few figures. There were 42 solar sta-
tions in Upper Volta, Mali, and Senegal between 
1969 and 1979. The number of installations clearly 
shows the evolution underway. Between 1969 
and 1976, there were 23 solar stations in these 
three states, 22 of which were thermodynamic 
solar pumps belonging to SOFRETES, with 
only one photovoltaic solar pump (Dakar, 1976). 
However, between 1977 and 1979, there were 26 
solar stations: nine were thermodynamic solar 
pumps belonging to SOFRETES, but 17 were pho-
tovoltaic solar stations. 

In other terms, before the end of the SOFRETES 
monopoly in the late 1970s, there came an end 
to the monopoly of the thermodynamic technol-
ogy embodied by SOFRETES, in favor of photo-
voltaic solar energy fostered by New Energy for 
the Sahel program.

attended the Jesuit Agricultural School in Purpant at the 
age of 16. Three years later, he joined the Missionaries of 
Africa (called the White Fathers), and was ordained as a 
priest in Carthage in June 1950 at the age of 26.
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Amid this rise in the number of photovoltaic 
solar projects, on November 26, 1979 SOFRETES 
launched, as a last hope, the world’s first 
solar thermodynamic power plant in Diré, near 
Timbuktu. This colossal agricultural and tourism 
project (Figure 8), had a power of 75 kW. It pro-
duced enough solar energy to pump water as 
well as provide electricity, lighting, and air con-
ditioning. 

The Diré plant was an ambitious project. It cost 
over 8.5 million CFA francs43 (approximately 5.1 
million euros in 2020),44 and aimed to eventu-
ally irrigate over 3,000 hectares of crops. These 
characteristics stand in contrast to the instal-
lation’s short period of activity of less than four 
years; it quickly became a “white elephant,” the 
first of its kind in the West African solar industry.

The project faced numerous challenges. It was 
located on the edge of the desert far from the 
capital, with poor accessibility and no infrastruc-
ture (no equipped port, no roads, etc.). It could 
only be reached by boat four months per year. 
Moreover, during its inauguration, the plant was 
not connected to the city of Diré, and high-quality 
potable water was directly poured into the fields. 

43 Private archives of Bertrand Châtel – Technical 
Presentation of the “DIRE” project, undertaken by 
SOFRETES on June 8, 1977. Prométhée project (study and 
development of solar energy).
44 Result obtain using the franc-euro converter of the 
French National Institute of Statistics and Economic 
Studies (INSEE):
URL: https://www.insee.fr/fr/information/2417794

Maintenance staff was kept on site, but none of 
the inhabitants worked in these new fertile fields, 
which explains why the local population was not 
part of the project’s implementation.

These combined factors—overly ambitious, diffi-
cult to access, costly, and imposed on local pop-
ulations—led to the abandonment of the colossal 
project, which in retrospect was economically 
inefficient, far-fetched, and irrational. This aban-
donment left a white elephant behind in Diré, and 
prompted the collapse of SOFRETES, which was 
wound down in 1983.45 This presaged the many 
failures that would come during the 1980s.

3. THE FAILED INDUSTRIALIZATION OF THE 
SOLAR SECTOR (1979-1987)

The international context in the late 1970s was chal-
lenging in many respects. The Iranian Revolution 
(January 7, 1978-February 11, 1979) sparked a new 
oil shock and economic crisis that hit Africa with 
full force, just as West Africa was preparing for a 
new period of drought. This provided an opportunity 
for countries to refocus on the African continent.

The Lagos Plan of Action: Toward the 
Industrialization of the African Solar Energy 
Sector
Faced with these difficulties, OAU heads of state 
met in Lagos (Nigeria) in April 1980 to discuss 
the continent’s economic difficulties and pro-
mote endogenous development, in an effort to 
foster self-sufficient and self-sustained economic 
growth. They developed the Lagos Plan of Action, 
a development strategy based on food self-suffi-
ciency and African commerce through the elimina-
tion of commercial and customs barriers, limited 
use of foreign currencies, the industrialization and 
transformation of local raw materials, and the cre-
ation of a single African market. In other words, 
it amounted to creating an African Economic 
Community by the year 2000.46

45 Sophie Pehlivanian, Histoire de l’énergie solaire en 
France, Science, technologies et patrimoine d’une filière 
d’avenir, op. cit., 478.
46 Adebayo Adedeji, « La situation économique de l'Af-
rique : vers une reprise ? », Politique étrangère, n°3, 1988, 
621-638.
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Figure 8: Sofretes’ illustration of the Diré project in Mali 
(1978). Source: Bertrand Châtel’s private archives - Sofretes 
brochure.
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The Lagos Plan of Action also sought to remedy 
technological dependence on industrialized 
countries by using inexpensive technologies to 
improve the standard of living of rural popula-
tions. At the same time, the plan gave impor-
tance to environmental issues, as well as to the 
struggle against deforestation and desertifica-
tion. It made solar energy one of the objectives 
and priorities of African policies.47

The development of solar energy in West Africa 
was not just regional, as it expanded to include 
a continental space. The Lagos Plan of Action 
promoted the development of a pan-African 
solar industry; this took concrete form with 
the African Regional Center for Solar Energy 
(ARCES),48 which encouraged African scien-
tific research and cooperation on solar energy, 
the local manufacturing of devices, and indus-
trial production.49 This project was facilitated 
by the creation of the Solar Energy Society of 
Africa (SESA) to facilitate information exchange 
between countries.50 The society was created in 
198251 following the African Regional Solar Energy 
Conference organized by UNESCO in Nairobi, 
Kenya. The previous year, in August 1981, the 
city had hosted the UN Conference on New and 
Renewable Sources of Energy. 

Implementation of the Lagos Plan of Action 
took shape with the launch of the Industrial 
Development Decade for Africa (1981-1990), which 

47 Organisation de l’Unité Africaine, Plan d’Action de Lagos 
pour le development économique de l’Afrique 1980-2000 
(Geneva: Institut international d’études sociales, 1981), 111.  
48 The idea of creating CRAES was proposed in 1976 and 
adopted on May 13, 1982 at the OAU Conference of Ministers 
via resolution 337 (XIV). The disputes caused by the center’s 
location brought the project to a standstill, which was ulti-
mately established in Bujumbura, Burundi in 1986, although 
member states did not pay their contributions, with the 
center’s activity suffering considerably as a result.
49 Commission économique pour l’Afrique, Rapport du 
séminaire régional sur l’énergie solaire en Afrique, Niamey, 
12 February 1979, 35.  
50 Commission économique pour l’Afrique, Projet d’acte 
constitutif de la société africaine de l’énergie solaire, Niamey, 
14 November 1978, 8.
51 Félix Malu Wa Kalenga, Science et technologie en Afrique 
(Histoire, leçons et perspectives) (Brussels: Académie royale 
des sciences d’Outre-mer, 1992), 135.

was adopted in October 1981 during the Sixth 
Conference of African Ministers of Industry. It 
established a strategy for self-sufficiency in agri-
culture, electricity, and energy. Industrialization 
was planned according to two phases: an initial 
preparatory phase (1982-1984) in which African 
countries would present their industrialization 
programs, followed by a second phase (1985-1990) 
in which the projects would be carried out.

In this favorable context for solar development, 
two phenomena stand out in the West African 
region. First, solar research began in multiple 
countries that had not previously shown inter-
est in the field: Liberia with the research con-
ducted by the Faulkner College of Science and 
Technology at the University of Liberia; and Togo, 
where the University of Benin established a Solar 
Energy Laboratory  (SEL) and sought to develop 
solar water heaters and dryers.52 In Benin, the 
Enerdas company undertook research much 
later, in 1986. Guinea-Bissau was the only coun-
try not to take an interest in solar energy during 
the three decades under study.

Beginning in 1980 there was also structural activ-
ity in a number of countries, as well as the start 
of industrial production of solar dryers and water 
heaters, confirming the efforts made by certain 
states during the 1970s. This was true of the 
Center for Study and Research in Renewable 
Energy (CERER) founded in Senegal in April 1980 
with help from the Industrial Society for Solar 
Energy Applications (SINAES) created a few years 
earlier. Together they worked from 1982 onward 
as part of Senegal’s Sixth National Development 
Plan (1981-1986), which sought to reduce the 
country’s oil bill by using solar energy.53

In Nigeria, the Project Development Agency 
(PRODA) created the Solar Energy Society of 
Nigeria (SESN) in March 1980 to produce devices. 

52 PNUD, Togo : Problèmes et choix énergétiques, Rapport 
n°5221-TO, Report by the joint UNDP/World Bank program 
to promote energy choice management, June 1985, 91.  
53 ECREEE, Ecole supérieur polytechnique de l’Université 
Cheikh Anta Diop de Dakar, Senegal, Rapport de l’étude de 
marché du solaire thermique : production d’eau chaude et 
séchage de produits agricoles (Dakar: ECREEE, 2015), 23.  
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This did not prevent the Agricultural Engineering 
Department of Ahmadu Bello University in Zaria 
to work on the production of solar dryers, or 
the National Electric Power Authority to pro-
duce solar water heaters for hotels, hospitals, 
private residences, and the country’s important 
complexes.

In Burkina Faso, solar energy had been synony-
mous with national independence since the coup 
d’état of November 1980. The Burkina Energy 
Institute (IBE)54 and the Solar and Appropriate 
Technology Workshop of the Albert Schweitzer 
Ecological Center produced solar devices. There 
was an increase in the number of solar pumps 
installed, as well as experiments in telecom-
munications.

Structural Adjustment Plans Hamper Solar 
Industrial Development
In the early 1980s, the economic situation of 
West African states deteriorated consider-
ably. The Iranian Revolution and the Iran-Iraq 
War raised the price of oil, while industrialized 
countries lowered their imports, leading to a fall 
in the price of Africa’s primary export products 
(coffee, copper, cocoa, bananas, vegetable oil, 
tea). The continent’s countries lost consider-
able income, leading to mounting over-indebt-
edness: the population’s income decreased, even 
as demographic growth continued. Furthermore, 
in 1982 a new dry spell struck the region, leading 
to malnutrition and disease. Water shortages 
decimated herds and shrank grain produc-
tion; import needs were considerable, with the 
already-substantial debt ultimately exploding.55

Faced with the difficulties of states to repay their 
debts, the International Monetary Fund (IMF) and 
the World Bank offered loans to African countries, 
who accepted to proceed with large-scale struc-
tural reforms of their economies. The goal was 
to redefine the very role of the state—deemed 

54 UNECA, L’influence des politiques économiques et de 
development sur la science et la technologie en Afrique, 
Section de la science et technologie au service du devel-
opment en Afrique, March 1994, 50. 
55 Adebayo Adedeji, « La situation économique de l'Af-
rique : vers une reprise ? », op.cit., 621-638.

corrupt and inefficient—by liberalizing economic 
activity through massive privatizations designed 
to reduce the weight of companies on public 
accounts. The state was called upon to refocus 
on its regalian functions, such as law enforce-
ment, information, healthcare, research, and 
education.56 The structural plans of the Bretton 
Woods institutions sought to promote agricul-
tural development for export—to generate cash 
to reimburse the debt and restore the trade bal-
ance—rather than for industrialization. These 
adjustments brought an end to the Lagos Plan of 
Action, and subjected states to greater depen-
dence on foreign aid.57 These difficulties had a 
direct impact on the industrialization of the solar 
sector in multiple states (Ivory Coast, Gambia, 
Guinea, Mali, Mauritania, and Niger). 

As each country cannot be discussed in its 
entirety here, I will focus on the example of Niger, 
which is no doubt the most compelling case.

It is important to recall that on May 15, 1975, 
ONERSOL was a pioneer in the field, and was 
divided into two entities: a research department, 
and a production-sales department. The ILO rec-
ommended the production of 400 water heaters 
and 2000 m² of flat-plate collectors per year for 
the project to be economically viable. However, 
between 1976 and 1990, ONERSOL only produced 
600 solar water heaters and 1750 m² of flat-plate 
collectors. What happened?

The production of solar devices took a nosedive. 
ONERSOL produced solar cookers, water heaters, 
flat-plate collectors, and dryers. However, solar 
cookers were not accepted by the population 
on the ground: distilled water was considered a 
luxury product, as were solar dryers, which were 
prohibitively expensive. Only solar water heaters 
enjoyed a certain measure of success, although 
the targets were very far from being met.

56 Olivier Lafourcade, Michèle Guerard, « Banque Mondiale 
et ajustement structurel », Revue d'économie financière, 
Hors-série 4, 1994, 355-367. 
57 BAD (ADB), Rapport économique sur l’Afrique : 1985 
(Addis Abeba : BAD, 1985), 19.
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Aside from orders for solar water heaters (46 
units) and flat-plate collectors (590 m²), during 
1981-1982 and 1982-1983 respectively, the sale of 
solar devices was very low each year (approxi-
mately 15 water heaters).58 Was this the result 
of poor publicity? 

In 1981, a number of water heaters were ordered 
to equip Hotel Gaweye, with inconclusive results; 
a new order was placed the following year to add 
flat-plate collectors and increase the power of 
the water heaters, although this proved inef-
fective, for the addition of 10% of conventional 
heating proved necessary as a supplement. This 
generated bad publicity for ONERSOL, as hot 
water was needed early in the morning and at 
night, two times that were not favorable to the 
optimal functioning of solar devices.

ONERSOL ran deficits each year. On October 
7, 1983, its production department became an 
independent société d’économie mixte (semi-
public corporation) named the New Energies 
Company of Niger (SONIEN), which tried to open 
up its capital to a number of Nigerien compa-
nies. However, in 1984, the Structural Adjustment 
Program of the IMF and World Bank reorganized 
the Nigerien state’s spending, and required state 
companies to have total financial autonomy. 
With no aid, SONIEN considerably raised the 
price of the rare products it was able to sell: the 
price of a solar water heater rose from 182,000 to 
350,000 CFA francs. This untenable situation led 
to the liquidation of the recently-formed SONIEN 
in December 1984.59 Only ONERSOL’s research 
department remained.

The Industrial Collapse of CRES and the Private 
Sector’s Monopoly over Solar Production
The story of SONIEN is representative of a phe-
nomenon affecting a large number of coun-
tries in West Africa during this period, and at 
the time demonstrated the need to imple-
ment a larger-scale solar project in the form of 
CRES. This regional center included a broader 

58 ONUDI, Rapport technique : La situation et les per-
spectives d’évolution de l’Office national de l’énergie solaire 
(Vienne : ONUDI, 1991), 28-29.    
59 Ibid., p. 14.

scope—supported by the Lagos Plan of Action—
and was framed by the creation of continental 
institutions such as ARCES and SESA.

Following UNESCO’S feasibility study for the 
CRES project in 1979, a second study was con-
ducted in 1981 to include WAEC and CILSS 
member states. It provided for the implemen-
tation of a Regional Program for Solar Education 
and Training (PREFAS) for the 1981-1984 period, 
which would allow eleven states60 to train qual-
ified personnel at the center, finish building the 
CRES building in Bamako, and study an industrial 
strategy for producing solar devices.

CRES led an ambitious program beginning in 
1982, with an annual production of 1,000 drill-
ing sites, 700 photovoltaic solar pumps, 300 
windmills, 100 refrigerators, 3,300 lighting sys-
tems, 300,000 cookers, 2,000 water heaters, and 
10,000 m² of flat-plate collectors, for a total cost 
of $82.5 million per year, with 90% of support 
coming from West African public funds.61 The 
project involved the creation, in every WAEC/
CILSS member state, of a solar industry directly 
connected to CRES in Bamako. The European 
Development Fund (EDF), UNDP, the US Agency 
for International Development (USAID), France, 
the Federal Republic of Germany (FRG), and the 
African Development Fund (ADF) financed the 
implementation of CRES (training, equipment, 
buildings).

During an assessment mission in May 1983, the 
African Development Bank considerably reduced 
the project’s scope, notably by cutting staff from 
207 to 83 individuals, and by reducing the cen-
ter’s cost to $57.1 million: OPEC, the ADF, and 
WAEC countries would fund the center’s con-
struction, while the FRG, France, EDF, and WAEC 
would pay for equipment.

The official construction of CRES began in 1984, 
a decisive year that saw a project that had been 
in the planning stages for nearly six years finally 

60 Benin, Burkina Faso, Cape Verde, Ivory Coast, Gambia, 
Guinea-Bissau, Mali, Mauritania, Niger, Senegal, and Chad.  
61 CEAO/CILSS, Séminaires CRES – Documents de dis-
cussions juin-juillet 1982 (Bamako: CRES, 1982), 34.
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take form. This would be the year to “create pro-
duction capacity within the region […] [and to] 
create an equipment production company on the 
level of CRES”62 during the 1985-1987 period. In 
October 1985, a meeting of experts from WAEC 
and CILSS member states was held to create a 
Production Unit for Renewable Energy Systems 
(UPS) in Bamako to produce photovoltaic solar 
panels and solar water heaters.63 This was con-
firmed and adopted in March 1986 during the 
first CRES Board of Directors meeting in Bamako.

It would be fruitful at this point to explore the 
synchronism between the collapse of solar 
industries in a number of states (Niger in 1984, 
Ivory Coast and Gambia in 1985 in particu-
lar) and the establishment of a regional solar 
industry in Bamako between 1984-1986. Was it a 
simple coincidence or a reaction to the failures 
of national solar industries? While there is no 
document to confirm it, the dates and context 
bear mentioning.

In a major surprise, during the 25th session of 
the Council of Ministers in Ouagadougou in May 
1988, we learn that the backers (EDF, France, 
FRG) had withdrawn from their financing agree-
ments for CRES the previous year (1987).64 This 
sudden withdrawal brought CRES to a stand-
still. The delay, absence of equipment, and lack 
of funding froze its activity while awaiting new 
backers, only in vain.

The withdrawal of European backers was justified 
by the solar organization’s undue size, the over-
lap between the activities of national institutes 
and the regional institute, and by the low partic-
ipation of WAEC member states in financing for 
CRES. This decision sparked a strong reaction 

62 Ibid., p. 40.  
63 CEAO/CILSS, Rapport Final, Réunion des Experts des 
Pays Membres du CRES sur le Programme Régional d’Equi-
pements en Energies Renouvelables et l’Etude de Stratégie 
Industrielle pour la Production de Systèmes (Bamako : CRES, 
1985), 6.
64 ADF, Rapport d’achèvement de projet, Centre régional 
d’énergie solaire de la Communauté économique de l’Afrique 
de l’Ouest (CEAO), Report drafted by M.T.P Seya (Mission 
Director) and Ms. R. Coffi Berte (Architect) for the ADF, 
March 1995, 7.

from the other backers (WAEC, ADF, and OPEC). 
The ADF questioned the truthfulness of state-
ments by European backers. “These reasons are 
more pretexts than solid justifications.”65 The 
African backer believed that the criticisms of 
European funds were technical issues that could 
be resolved, and that the FRG, France, and the 
EDF were impervious to the solutions offered. 
The ADF was indignant, and asked whether the 
interest of European sponsors was quite simply 
located elsewhere:

“The economic issue is clear: CRES as envisioned 
by WAEC could prove to be a formidable com-
petitor to European companies specializing in 
solar energy, which would be unacceptable to 
European backers. Despite their clearly stated 
commitment to help finance the project based 
on defined amounts, European partners (EDF, 
France, FRG) unexpectedly ended their partici-
pation in the project, even as the operation had 
been launched and was in need of their support 
as planned.”66

It would only provide a partial picture to limit 
oneself to the ADB’s point of view, for it is also 
important to consider the global economic and 
energy context that took advantage of the con-
sequences of the oil counter-shock, with the 
price of a barrel of oil falling from $30 to $14 
between 1985 and 1986. In France, the CEA’s 
solar subsidiary was experiencing difficulty, and 
lacked both resources and staff. Moreover, as 
70% of French electricity was produced from 
nuclear energy, interest in solar energy dimin-
ished considerably. The political cohabitation 
that began in France in March 1986 prompted 
the Chirac government to deeply disengage from 
solar energy. Similarly, the missions of the French 
Agency for Energy Management (AFME) were also 
reoriented, with solar energy being placed at 
a disadvantage in relation to other renewable 
energies.67 One could therefore suppose that 
a change in policy in France would lead to the 

65 Idem.
66 Idem.
67 Sophie Pehlivanian, « Histoire de l’énergie solaire en 
France, Science, technologies et patrimoine d’une filière 
d’avenir », op. cit., 484-485.
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cancellation of the commitment made to CRES, 
although this does not explain the simultaneity 
of the three withdrawals.

During the same period, the Heads of State of 
CILSS member states met in Praia, Cape Verde 
in October 1986 to develop a strategy to combat 
drought in the region and promote develop-
ment in the Sahel beginning in 1988 thanks to 
financing from the EDF.68 One of the compo-
nents of this strategy was the Projet énergie 
(Energy Project) of May 1987, which was limited 
to promoting the use of butane gas. This lim-
itation was quickly rectified, for the following 
year (1988) CILSS and the EEC published the 
Regional Solar Programme (RSP). Sahel: Solar 
Energy for Tomorrow?,69 a publication that mod-
ified the Projet énergie and ultimately reserved 
a central role for solar energy.

The RSP provides photovoltaic solar equipment 
on a large scale for rural areas in the Sahel, in 
an effort to improve standard of living, ensure 
food security, and protect the environment 
(electrification, cold production, water pump-
ing). Thanks to the production of hundreds of 
solar devices, the RSP and the Western private 
sector secured a monopoly over solar projects 
in West Africa. 

CONCLUSION 

This brief history of solar energy in West Africa 
shows the transition from solar development 
managed by states in the 1960s, to the one led 
by the private sector in the late 1980s, which 
still holds true today. The interest of states in 
solar energy translated into a desire to use an 
abundantly-available resource, thereby limiting 
imports and the deforestation that was acceler-
ating desertification in the region. In other words, 
it involved producing energy by using a tech-
nology well-adapted to the West African envi-
ronment. 

68 CILSS, Compte rendu de la 22ème session du Conseil des 
ministres (Ouagadougou: CILSS, 28-29 January 1987), 4.
69 Jean-Paul Minvielle, La question énergétique au Sahel 
(Paris: Karthala, IRD, 1999), 160.

Solar energy was also a response to the var-
ious crises experienced by the West African 
region. Independence, the first drought (1968-
1974), the first oil crisis with the ensuing energy 
and economic crises, the second oil crisis, the 
global recession, the second drought (1982-
1984), and the debt crisis all had direct and 
indirect impacts on the development of solar 
energy.

This history emphasizes two complementary 
and fundamental notions for every West African 
state: development and (in)dependence. 

With regard to development, it went hand in 
hand with major conferences—during a time of 
major scientific innovation—seeking to increase 
exchange among scientists, present advances, 
and promote solar research. Development was 
also reflected in increased activity, as well as 
the vision of the Lagos Plan of Action to pro-
mote endogenous and self-sufficient growth, 
and to industrialize the continent so that it could 
achieve independence.

The political independence of the early 1960s was 
followed by economic and energy independence, 
which proved to be an on-going battle through 
the creation of WAEC and CRES. Solar technology 
provided energy that was available on-site, with 
no need for transportation or import, thereby 
contributing to independence. On the contrary, 
foreign companies from outside of Africa had 
more advanced technologies as well as the 
financing to help establish solar energy on the 
continent. The line between dependence and 
independence was thus very fine when a vil-
lage had to import foreign technology in order 
to gain energy independence. Finally, the drive 
for independence was expressed through the 
drive of states to industrialize their solar indus-
try, despite struggling to obtain the expected 
results.

The failure of industrialization is all the more 
striking given the solar potential of West African 
states, leaving aside the fact that the West African 
solar industry could have contributed to the EEC’s 
Regional Solar Programme (RSP) in 1988.
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For that matter, researchers generally begin the 
history of solar energy in the region with the RSP. 
However, this history—which could also be called 
a protohistory in light of these elements—actu-
ally began with the independence of 1960. This 
forgotten history has emphasized the evolutions 

observed over three decades, and has presented 
a globalizing and liberalizing West African econ-
omy. This history is a vital key for understanding 
the foundation on which solar development in 
the region is based today.
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Increasing the share of energy services that 
are delivered via electricity is one of two chal-
lenges/strategies for mitigating climate change 
(decarbonizing electricity generation being the 
other). So, analyzing economy-wide electricity 
demand is an important research topic. But the 
availability of price data often constrains such 
energy demand analyses—particularly the study 
of demand in non-OECD countries. 

Hence, we assemble a particularly large data-
set of real economy-wide electricity prices (in 
2015 US cents per kilowatt hour). This unbal-
anced electricity price data span 1978-2019 and 
include 107 countries. A key aspect of the price 
data is that it is a real price—as opposed to a 
real index. Thus, it is appropriate for cross-sec-
tional analyses (in addition to panel analyses). 
Similarly, over-time averages could be compared 
across countries. An index, in contrast, is not 
meaningful cross-sectionally (e.g., it is 100 for 
all countries in the base-year). This short paper 
introduces the dataset, describes its construc-
tion (and its limitations), and displays some of 
the country series. Then it concludes with an 
example of the dataset’s usefulness—estimat-
ing economy-wide GDP and price elasticities for 
high- and middle-income panels. This example, 
suggests that estimating GDP elasticities with-
out the consideration of prices may impart an 
upward omitted variable bias. 

We begin with electricity prices for industry and 
residential households (in 2015 US cents per kilo-
watt hour and including taxes) from Enerdata’s 
Global Energy and CO2 database.1 We then weight 
those two prices by their electricity final con-
sumption (data from Enerdata as well). 

For several countries, we extend this real 
weighted price via the International Energy 
Agency’s (IEA) real electricity price index for 
industry and households2 (which typically runs 
1978-2019). For 17 OECD countries, a real 

1 Enerdata, “Global Energy & CO2 database”. Url : 
https://www.enerdata.net/research/energy-market-da-
ta-co2-emissions-database.html (accessed 11/11/2021).
2 OECD iLibrary, “IEA Energy Prices and Taxes 
Statistics”. Url: https://www.oecd-ilibrary.org/energy/data/

electricity price index derived from Baade3 is 
used to extend those countries’ price series 
from 1978 to 1960. Following the standard pro-
cedure for splicing time series, our 1978 price 
level was extrapolated backward in time by the 
growth rates in electricity prices reported in 
the Baade analysis. This approach combined 
with the Baade data has been used to similarly 
extend price data in, for example, Adeyemi and 
Hunt4 and Liddle and Huntington.5 For five Asian 
economies, a real electricity price index derived 
from Pesaran et al.,6 which has price data from 
1972-1992, was used to extend those economies 
price series. The Pesaran et al. data were used 
in a similar fashion in Liddle and Huntington.7 
(The associated dataset indicates which obser-
vations have been extended and by which addi-
tional source.)

Agriculture and transport were not considered 
in constructing the price series. According to IEA 
data, agriculture and transport together account 
for less than five percent of electricity consump-
tion in most countries. 

Potentially, a greater concern is not including 
data from commercial use. Electricity in com-
mercial buildings is substantial in most coun-
tries (representing, on average, 28% of electricity 
consumption according to IEA data); however, 
Enerdata does not report prices for commer-
cial buildings. Commercial prices are typically 

end-use-prices/indices-of-energy-prices-by-sector_data-
00444-en (accessed 11/11/2021)
3 P. Baade, International Energy Evaluation System, 
International Energy Prices 1955-1980 (Service Report, U.S. 
Department of Energy, 1981/21).
4 O. Adeyemi, L. Hunt, “Modelling OECD Industrial Energy 
Demand: Asymmetric Price Responses and Energy-saving 
Technical Change”, Energy Economics, vol. 29, no 4, 2007.
5 B. Liddle, H. Huntington, “Revisiting the Income 
Elasticity of Energy Consumption: A Heterogeneous, 
Common Factor, Dynamic OECD & non-OECD Country Panel 
Analysis”, The Energy Journal, vol. 41, no 3, 2020.
6 H. Pesaran et al., Energy Demand in Asian Developing 
Economies (Oxford: Oxford University Press for the World 
Bank and the Oxford Institute for Energy Studies, 1998).
7 B. Liddle, H. Huntington, “Revisiting the Income 
Elasticity of Energy Consumption: A Heterogeneous, 
Common Factor, Dynamic OECD & non-OECD Country Panel 
Analysis”, The Energy Journal, vol. 41, no 3, 2020.
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between residential and industry prices and, 
usually, much closer to residential prices than 
industry. For example, in the US, commercial 
electricity prices ranged from 18% to 6 % lower 
than residential prices over 1990-2019 (data 
from Energy Information Administration). IEA 
has relative price data (residential, commer-
cial, industry) for a few OECD and non-OECD 
countries. For most of these countries, resi-
dential prices are the highest, industry prices 
the lowest, and commercial prices on average 
are roughly the same as or within 20% of res-
idential prices. For the countries where this 
was not the case, commercial prices tended 
to be the highest and residential prices the 
lowest. Correspondingly, for several of these 

latter countries (India, Nepal, Pakistan), com-
mercial buildings comprised a relatively small 
share of total electricity consumption (10-15%), 
and for Iran, commercial prices were very sim-
ilar to industry prices. Thus, we believe that 
the exclusion of commercial electricity prices 
on average should not bias the economy-wide 
price estimates. 

All told this real electricity price (unbalanced) 
dataset spans 1960-2019 and consists of the 107 
countries for which there are at least 10 obser-
vations; 36 countries have at least 40 observa-
tions (with 17 of those having the full 60), and 
another 40 have at least 20 observations. Table 
1 lists the country coverage. 

7

Country Obs. Coverage Country Obs. Coverage
Austria 60 1960-2019 Guyana 15 1994-2006, 2010, 15
Belgium 60 1960-2019 Paraguay 26 1994-2019
Bosnia-Herzegovina 10 2010-2019 Peru 29 1991-2019
Bulgaria 18 2002-2019 Suriname 14 1994-2006, 2010
Croatia 15 2005-2019 Uruguay 21 1999-2019
Cyprus 21 1999-2019 Venezuela 34 1981-2014
Czech Rep. 42 1978-2019 Dominican Rep. 20 1994-2012, 2014
Denmark 60 1960-2019 Haiti 16 1994-2007, 2010, 15
Estonia 25 1995-2019 Jamaica 21 1994-2014
Finland 42 1978-2019 Trinidad & Tobago 28 1991-2007, 2009-2019
France 60 1960-2019 Bangladesh 16 2004-2019
Germany 42 1978-2019 Cambodia 19 2000-2018
Greece 60 1960-2019 China 18 1995-96, 2003-2019
Hungary 42 1978-2019 Hong-Kong 20 2000-2019
Ireland 60 1960-2019 India 47 1973-2019
Italy 60 1960-2019 Indonesia 47 1973-2019
Latvia 23 1997-2019 Japan 60 1960-2019
Lithuania 28 1992-2019 Lao PDR 16 2004-2019
Luxembourg 42 1978-2019 Malaysia 20 2000-2019
Malta 29 1991-2019 Nepal 14 2000-2013
Netherlands 60 1960-2019 Pakistan 20 2000-2019
Norway 60 1960-2019 Philippines 10 2005-2014
Poland 42 1978-2019 Singapore 18 2002-2019
Portugal 60 1960-2019 South Korea 47 1973-2019
Romania 26 1994-2019 Sri-lanka 16 2003-2018
Serbia 20 2000-2019 Taiwan 47 1973-2019
Slovakia 42 1978-2019 Thailand 47 1973-2019
Slovenia 28 1992-2019 Vietnam 16 1999-2003, 2009-2019
Spain 60 1960-2019 Australia 42 1978-2019
Sweden 60 1960-2019 New Zealand 42 1978-2019
Switzerland 60 1960-2019 Algeria 30 1990-2019
Turkey 42 1978-2019 Egypt 27 1982-1992, 2004-2019
United Kingdom 60 1960-2019 Morocco 30 1990-2019
Azerbaijan 23 1997-2019 Tunisia 30 1990-2019
Kazakhstan 21 1996-2016 Burkina Faso 26 1994-2019
Moldova 11 2008-2018 Cameroon 12 2008-2019
Russia 15 2004-7, 2009-19 Ethiopia 14 2006-2019

Ukraine 10 2010-2019 Ivory Coast 38 1975-88, 1993,95, 1998-
2019

Uzbekistan 11 2001-3, 2012-19 Kenya 12 2008-2019
Canada 60 1960-2019 Mauritania 19 2000-2018
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We conclude the introduction of the data by dis-
playing some of the price series. Figure 1 shows 
the real electricity prices (in 2015 US cents/kWh) 
for most European countries from 1960-2019. 
Two patterns stand out in Figure 1: (1) there has 
been a high degree of convergence in prices 
among European countries; and (2) electricity 
prices no longer follow the pattern of interna-
tional oil prices.

The international oil price tended to decline 
slightly during the 1960s, then rose through 
the 1970s because of Middle Eastern oil supply 

disruptions. After reaching a peak in 1982, oil 
prices declined and remained relatively low for 
more than two decades before rising beginning 
in 2004. By 2008, oil prices reached a level sim-
ilar to their previous peak, but declined rapidly 
during 2014-2015 and have stayed relatively low 
since. 

Figure 2 displays electricity prices for three 
Scandinavian countries (Finland, Norway, and 
Sweden) that have particularly low electric-
ity prices because of the share of renewable 
energy (between 80% and 100% from renewable 

10
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Table 1: Real economy-wide electricity price dataset coverage.

United States 60 1960-2019 Mauritius 18 2000-2017
Costa Rica 26 1994-2019 Niger 19 2001-2019
El Salvador 23 1994-2015, 2018 Nigeria 11 2009-2019
Guatemala 23 1994-2015, 2018 Senegal 17 2003-2019
Honduras 23 1994-2015, 2017 South Africa 42 1978-2019
Mexico 42 1978-2019 Uganda 11 2001-2011
Nicaragua 23 1994-2015, 2017 Iran 49 1971-2019
Panama 26 1994-2019 Israel 34 1986-2019
Argentina 18 2002-2019 Jordan 30 1990-2019
Bolivia 28 1991-2006, 2008-19 Lebanon 26 1994-2019
Brazil 32 1988-2019 Qatar 10 2010-2019
Chile 26 1994-2019 Saudi Arabia 42 1978-2019
Colombia 28 1991-2, 1994-2019 Syria 19 1990-2005, 2007-09
Ecuador 26 1994-2019

Figure 1: Economy-wide real electricity prices for many European countries, 1960-2019 (unbalanced). 
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sources) and for several non-European OECD 
countries. Like those Scandinavian countries, 
Canada, New Zealand, US, and, until recently, 
Australia have had relatively low electricity 
prices. Electricity prices in Japan still appear 
to mimic international oil prices; whereas, this 
is no longer the case for US. 

Lastly, Figure 3 contains the price paths for 
fi ve rapidly growing Asian countries/economies. 
As above, local electricity prices have mostly 
broken from international oil prices, and elec-
tricity prices are particularly low for Korea and 
Chinese Taipei (two countries that have higher 
per capita electricity consumption than many 
European and other OECD countries). 

11

Figure 3: Economy-wide real electricity prices for fi ve Asian countries/economies, data span 
1973-2019 (unbalanced).

Figure 2: Economy-wide real electricity prices for eight OECD countries with relatively low 
electricity prices, 1960-2019 (unbalanced).
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An Example: Estimating Economy-wide GDP 
and Price Elasticities
As is standard in the energy demand literature, 
we estimate per capita electricity consumption 
as a function of per capita GDP (income) and 
electricity prices:

ln Electricityit = αi + βi
2ln GDPit + βi

3ln priceit + εit (1)

where t represents the time dimension and i 
the country dimension; α is a cross-sectional 
specific constant; the βs are cross-sectional 
specific coefficients to be estimated; and εit is 
the error term. It also is common to allow for 
the gradual adjustments—differences between 
short-run and long-run effects—to analyze a 
dynamic model:

ln Electricityit = αi + βi¹ ln Electricityit-1 + βi² ln GDPit + 
βi³ ln priceit + εit (2)

For this dynamic, partial adjustment model, the 
long-run GDP and price elasticities, respectively, 
are:

 and (3)

One also can consider more complex dynam-
ics—i.e., additional lags of the GDP and price 
terms (see Liddle and Huntington 2020 for a 
detailed discussion of dynamic panel energy 
models). Because of data limitations in panel 
estimations, we limit ourselves to only one lag 
for GDP and price:

ln Electricityit = αi + βi¹ ln Electricityit-1 + βi² ln GDPit + 
βi³ ln priceit + βi⁴ ln GDPit-1 + βi⁵ ln priceit-1 + εit (4)

Now, the long-run GDP and price elasticities are 
estimated via:

             and (5)

In choosing an estimation method, there are 
several issues one must consider for this type of 
long, macro-panel data (for a more detailed dis-
cussion of each of these issues in the context of 
panel energy demand modeling, again, see Liddle 

and Huntington 2020). First, it is likely that elas-
ticities will be different across countries. Hence, 
we use a mean group estimator (MG) that first 
estimates coefficients from cross-sectional spe-
cific regressions and then averages those esti-
mated individual-country coefficients to arrive 
at panel coefficients. Two other well-known sta-
tistical issues for macro-panels are cross-sec-
tional dependence and non-stationarity. Thus, 
we include in the regression cross-sectional 
averages of the dependent and independent 
variables (following the Pesaran 2006 Common 
Correlated Effects—CCE—approach) to account 
for cross-sectional dependence and help pro-
duce stationary residuals. 

In addition to addressing cross-sectional depen-
dence, these cross-sectional average terms 
represent unobserved common factors, e.g., 
technology. Also, CCE is robust to nonstation-
arity, cointegration, breaks, and serial correlation. 
However, the CCE estimator is not consistent in 
dynamic panels since the lagged dependent vari-
able is not strictly exogenous; thus, the Dynamic 
Common Correlated Effects (DCCE) estimator of 
Chudik and Pesaran8 includes additional lags of 
the cross-sectional means to become consis-
tent again. 

One last statistical issue is that dynamic models 
estimated with panel data are subject to a down-
ward bias, called the dynamic panel or Nickell 
bias (static models, naturally avoid this bias). 
Since the dynamic panel bias is on the order of 
1/T (Nickell 1981), it can be mitigated by having 
several time observations. Beck and Katz (2009) 
claimed that with at least 20 time observations, 
bias correction is counter-productive; whereas, 
Judson and Owen (1999) were more conser-
vative, recommending bias correction unless 
there are at least 30 time observations. Bruno 
(2005) determined that in unbalanced panels (i.e., 

8 A. Chudik, H. Pesaran, “Common correlated effects 
estimation of heterogeneous dynamic panel data 
models with weakly exogenous regressions”, Journal of 
Econometrics, vol. 188, no 2, 2015, 393-420. The Dynamic 
Common Correlated Effects estimator is implemented by 
Stata command xtmg—which was developed by Markus 
Eberhardt.

     β²   

(1 - β1 )
     β³   

(1 - β1 )

  β² +  β⁴  

  (1 - β1 )
  β³ +  β⁵  
  (1 - β1 )
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like our panels), the bias declines with average 
cross-sectional size (i.e., the bias is not deter-
mined entirely by the shortest series). 

We construct two unbalanced panels: one con-
sisting of high-income countries and the other 
middle-income countries (according to World 
Bank classifications). So, we collect electricity 
consumption per capita data (in kWh per capita) 
and GDP per capita data (in constant 2010 US$ 
at PPP) from IEA. Ultimately, the only data con-
straint are the availability of the price data. The 
unbalanced high-income panel has 35 countries9 
and spans 1960-2019. All of those countries have 
at least 21 years of price data, 17 have the full 60 
years, and the average number of price obser-
vations is 48. The unbalanced middle-income 
panel has 34 countries10 and spans 1973-2018. 
All of those countries have at least 20 years of 
price data, four have the full 46 years, and the 
average number of price observations is 30.6. 

9 Those countries are: Australia, Austria, Belgium, Canada, 
Chinese Taipei, Cyprus, Czech Republic, Denmark, Estonia, 
Finland, France, Germany, Greece, Hungary, Israel, Ireland, Italy, 
Japan, Korea, Latvia, Lithuania, Luxembourg, Malta, Netherlands, 
New Zealand, Norway, Poland, Portugal, Slovakia, Slovenia, 
Spain, Sweden, Switzerland, United Kingdom, and USA.
10 Those countries are: Algeria, Azerbaijan, Bolivia, 
Brazil, Chile, Columbia, Costa Rica, Ecuador, El Salvador, 
Guatemala, Honduras, India, Indonesia, Iran, Ivory Coast, 
Jamaica, Jordan, Kazakhstan, Lebanon, Morocco, Mexico, 
Nicaragua, Panama, Paraguay, Peru, Romania, Saudi Arabia, 
South Africa, Thailand, Trinidad and Tobago, Tunisia, Turkey, 
Uruguay, and Venezuela.

Thus, even according to the conservative rule 
of thumb of Judson and Owen, dynamic panel 
bias should be minimized at least. 

Because of the lack of available price data for 
non-OECD countries, we know of no previous 
panel-based analyses of economy-wide electric-
ity demand (that included both GDP and elec-
tricity prices) focusing on such countries. There 
have been a few such previous panel-based 
analyses that used OECD/EU data. Lee and Lee 
(2010) considered a panel of 25 OECD coun-
tries that spanned 1978-2004 and used a static 
model employing first-generation methods (i.e., 
methods that ignore potential cross-sectional 
dependence). Their GDP elasticity was signif-
icant and rather large at 1.08, but their price 
elasticity was very small and highly insignificant 
(-0.01). Lee and Chiu (2011) considered nearly the 
same panel, but used methods that allowed for 
nonlinearities and change over time (but still no 
consideration of cross-sectional dependence). 
Lee and Chiu found an average GDP elasticity of 
0.36 and an insignificant price elasticity around 
-0.23. Recently, Arcabic et al. (2021) analyzed a 
sample of EU countries considering quarterly 
data over 2003-2018 and used a method that 
approximated smooth structural breaks with a 
Fourier function. For their preferred specifica-
tion, they calculated an average long-run income 
elasticity of around 0.3 and an average long-run 
price elasticity of less than -0.04.

Panel High-income: 35x1960-2019 Middle-income: 34x1973-2018
Model ADL (1,1,1) ADL (1,0,0) Static ADL (1,0,0) Static

GDP
0.544***

[0.187 0.901]
0.629****

[0.427 0.832]
0.551****

[0.375 0.727]
0.578****

[0.359 0.798]
0.732****

[0.502 0.963]

Price
-0.119*

[-0.241 0.00299]
-0.0941***

[-0.148 -0.0404]
-0.0720***

[-0.113 -0.0311]
-0.0409

[-0.103 0.0212]
-0.0365

[-0.0814 0.00836]

GDP w/o price
0.695**

[0.101 1.288]
0.810****

[0.556 1.064]
0.611****

[0.448 0.773]
0.703****

[0.488 0.919]
0.783****

[0.528 1.037]

Table 2: Long-run economy-wide electricity demand elasticity estimates. 

Notes: ****, ***, **, * indicate statistical significance at the 0.001, 0.01, 0.05, and 0.1 levels, respectively. 95% 
confidence intervals shown in brackets. Long-run estimates calculated directly from mean group panel results 
via Equations 3 and 5 (standard errors computed via the Delta method). ADL (1,1,1), ADL(1,0,0), and Static models 
represented by Equations 4, 2, and 1, respectively. Static models estimated via CCE; dynamic models estimated 
via DCCE and include two lagged terms each of the three cross-sectional average terms. For the middle-income 
panel, that the one period lags of GDP and Price were jointly equal to zero could not be rejected (i.e., ADL(1,0,0,) 
model preferred and thus, the ADL(1,1,1) model not shown). Results from the same regression run without any price 
terms also shown (GDP w/o price).

20 21
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Our long-run elasticity results are displayed in 
Table 2. For the high-income panel, we show 
results from all three models (i.e., Equations 1, 2, 
and 4). For the middle-income panel, we do not 
show the results from the model using Equation 
4 since the hypothesis that the one period lags 
of GDP and Price (i.e., β⁴ and β⁵ from Equation 4) 
were jointly equal to zero could not be rejected.

The GDP elasticities are all highly significant and 
similar both among the different models and for 
the high- and middle-income panels (particu-
larly so when the dynamic model is considered). 
The GDP elasticities suggest that GDP will grow 
faster than per capita electricity consumption. 
Also, all of the GDP elasticity estimates are 
significantly below unity (one is not contained 
in their 95% confidence intervals). Thus, elec-
tricity intensity (electricity consumption/GDP) 
will decline with economic growth. The price 
elasticities are all small and negative. They are, 
however, statistically significant for the high-in-
come panel. 

Comparing our high-income panel results to the 
previous analyses, our price elasticity estimates 
(while significant) are between those of Lee and 
Chiu and Arcabic et al. While our GDP elasticity 
is larger than both of Lee and Chiu and Arcabic 
et al., it is substantially smaller than that of Lee 

and Lee. It is important to note that our time 
span is considerably larger than the previous 
three papers. Furthermore, while Lee and Chiu 
and Arcabic et al. allowed for some flexibility in 
terms of nonlinearities and temporal hetero-
geneity, neither of those papers adjusted for 
cross-sectional dependence. 

Lastly, in considering the results from the 
models run without price information, we can 
draw several important conclusions. Each of the 
GDP elasticity estimates without prices consid-
ered are larger than the corresponding estimate 
when prices were considered; most of the esti-
mates without prices were less precise (their 
confidence intervals were larger) than estimates 
with prices, and most of the estimates without 
prices were not statistically different from unity 
(one was within the confidence interval). These 
differences occurred even though the price elas-
ticities themselves were very small, and in the 
case of the middle-income panel statistically 
insignificant. Thus, including prices in panel elec-
tricity demand estimations may improve the 
precision of the GDP elasticity estimates, and 
not including prices can lead to (an apparent 
upward) omitted variable bias in those GDP elas-
ticity estimates. Thus, this rather large database 
of economy-wide electricity real prices should 
prove valuable to future analyses. 
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AFTER THE SMOKE CLEARS

What is left to say about the history of coal, 
broadly construed, in 17th C. and 18th C. Britain? 
Substantially less, one might reply, than in 2015. 
For William M. Cavert’s The Smoke of London 
(2016) said a lot indeed. Cavert’s (multi-)
award-winning monograph was presented as 
an environmental history, but reviewers were 
quick to point out that it made significant con-
tributions to economic, political, and social 
history, as well as to the history of science. 
Taking the widespread British transition from 
wood to coal in the years preceding 1600 as 
his object of inquiry, Cavert demonstrates 
that early modern Londoners were highly con-
cerned about the notorious coal smoke asso-
ciated with this change in energy regime for 
a variety of aesthetic, property-related, and 
health reasons. Ultimately, however, those with 
the power to make decisions – including a 
succession of Tudor and Stuart monarchs – 
came to accept coal smoke as an inevitable 
if frustrating by-product of the coal-fuelled 
economy that they relied on for stability and 
control. Ordinary Londoners, on the other hand, 
had, of course, to accept coal on the whim of 
the monarch, but they also had to accept it 

for access to a cheap supply of energy. Thus, 
Cavert recovers the previously unappreciated 
early modern concern about air pollution, 
showing that this in fact predated the 19th C. 
rise of industrial capitalism previously argued 
to have catalysed widespread environmental 
concern.1 More pressingly, Cavert teaches us 
that apathy to pollution on behalf of those with 
power has a long history, and that economic 
concerns have triumphed over environmental 
concerns ever since the dawn of what he calls 
( justifiably, “from the perspective of energy 
regimes”) “the first modern society”.2

There is no space here to critically engage with 
every aspect of Cavert’s excellent book. This 
review essay instead uses the book as a spring-
board to engage with four questions of more 
general interest to energy and environmental 
historians, before suggesting lines of future 
research. Accordingly, the essay is comprised 
of four sections. The first addresses the notion 
of resource scarcities through a discussion of 
the controversial 17th C. “timber famine”, situating 
Cavert’s work alongside that of Paul Warde on 
the psychological aspects of assumed resource 
scarcities. The second turns to the “socio-cul-
tural biographies” of natural resources, con-
tending that future work should engage with 
the recent scholarship of Lissa Roberts, Joppe 
van Driel, and Naomi Yuval-Naeh in order to 
extend Cavert’s anthropological approach to 
coal. The third discusses mineworkers, the his-
torical actors that are necessarily left out of The 
Smoke of London, and it suggests that recent 
work in the history of science offers a way of 
integrating them into Cavert’s story. The fourth, 
finally, sets The Smoke of London in dialogue 
with Thomas Turnbull’s recent article on energy 
determinism and the teleological narrative of 
energy transitions.

1 See, for example, Stephen Mosely, The Chimney of 
the World: A History of Smoke Pollution in Victorian and 
Edwardian Manchester (Cambridge: Cambridge University 
Press, 2001).
2 William M. Cavert, The Smoke of London: Energy and 
Environment in the Early Modern City (Cambridge: Cambridge 
University Press, 2016), xviii.
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THE NEF THESIS REVISITED

In 1932, J.U. Nef argued that a 17th C. timber scar-
city prompted the widespread adoption of coal, 
leading to “something like a revolution in the use 
of fuel”.3 On Nef’s account, the inefficiency of 
wood combustion, Royal Commissioners’ reports 
on forests, and increased wood prices all pointed 
to the fact that between the mid-16th C. and the 
mid-17th C., Britain witnessed “an acute shortage 
of wood”.4 Thus explained, Nef argued, the four-
teen-fold increase in coal production he identi-
fied in the same period.5

Nef’s evidential base was soon attacked by his-
torians who doubted the tangible presence of a 
timber crisis.6 In The Smoke of London, however, 
Cavert is necessarily critical but also charitable 
to Nef. As Peter Thorsheim has already noted, 
Cavert’s original archival research on coal duties 
– provided in Chapter 2 – has added new esti-
mates for coal consumption between the 1550s 
and the 1680s, an estimate that filled a much 
needed gap in economic history.7 These find-
ings naturally “confirmed Nef’s overall picture of 
urban coal imports growing dramatically during 
the late 16th C.”, but Cavert does concede that 
Nef’s “description of a universal timber famine 
is not really defensible”.8

However, Cavert then goes on to provide his 
own interpretation of the timber famine, which 
is most illuminating. He does not argue for the 
presence of a national crisis, but he does argue 
that there was a noticeable decline in wood 
supply that led to an uptake in coal. There were 
three reasons for this. First, available woods 

3 John Ulric Nef, The Rise of the British Coal Industry, 2 
vols. (London: George Routledge, 1932), vol. 1, 20.
4 Ibid., 161.
5 Ibid., 120.
6 D.C. Coleman, “The Coal Industry: A Rejoinder”, The 
Economic History Review, vol. 30, n? 2, 1977, 343-345; John 
Hatcher, The History of the British Coal Industry. Volume 1 
Before 1700: Towards the Age of Coal (Oxford: Clarendon 
Press, 1993).
7 Peter Thorsheim, “Comments by Peter Thorsheim, UNC 
Charlotte”, H-Environment Roundtable Reviews, vol. 9, n? 9, 
2019, 15.
8 William M. Cavert, The Smoke of London, 19, 24 (cf. note 2).

were often, in practice, inaccessible; second, 
short-term thinking led to the unsustainable fell-
ing of many trees for immediate profit; and, most 
importantly, however small the actual decline in 
trees there was a widespread perceived fear of 
an impending crisis. Such fears, Cavert shows us, 
were expressed by the landed gentry, the brew-
ing industry, and even the Privy Council.9 “Coal 
therefore, became London’s fuel exactly when 
contemporaries believed that wood’s availability 
had become threatened”, Cavert concludes.10 Nef 
was wrong about the scale of the crisis, then, 
but Cavert also demonstrates that his argument 
remains quite convincing in important ways.

Here, Cavert’s work has an important connection 
to the scholarship of Paul Warde, an environ-
mental historian who has argued elsewhere that 
early modern wood crises were often assumed 
rather than actual.11 Such conclusions are surely 
important. One wonders, though, to what extent 
similar, comparative research could be com-
pleted on other natural resources and energy 
sources. What environmental and energy history 
might profit from next, I suggest, is a series of 
localised studies, fine-grained and micro-his-
torical in scope, examining resource shortages 
– real or otherwise – in other periods and loca-
tions. If Warde and Cavert teach us anything in 
this respect, it is that the old Annales School 
approach to the environment, divorced in the 
main from human “events”, overlooks just how 
mutually interdependent the natural and the 
cognitive landscapes of the past were.

THE “SOCIO-MATERIAL IDENTITY” OF COAL

It is worth discussing Cavert’s approach to coal 
in light of two more recent treatments of coal in 
the historical literature: Lissa Roberts and Joppe 

9 Ibid., 20-22.
10 Ibid., 21.
11 Paul Warde, “Fear of Wood Shortage and the Reality 
of the Woodland in Europe, c. 1450-1850”, History Workshop 
Journal, n? 62, 2006, 28-57; Paul Warde, “Early Modern 
‘Resource Crisis’: The Wood Shortage Debates in Europe”, 
in A.T. Brown, Andy Burn, Rob Doherty (eds.), Crises in 
Economic and Social History: A Comparative Perspective 
(Martlesham: Boydell Press, 2015), 137-160.
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van Driel’s “The Case of Coal” (2017) and Naomi 
Yuval-Naeh’s “Cultivating the Carboniferous: 
Coal as Botanical Curiosity in Victorian Culture” 
(2019). Both of these papers take what can fairly 
be called a socio-cultural – or, to use Roberts 
and van Driel’s preferred term, “socio-material” 
– approach to coal.12 That is, they do not consider 
coal in a teleological way as a predetermined 
“fossil fuel”, and they are interested in broader, 
cultural understandings of coal.

Roberts and van Driel set out to show that the 
“historical identity of coal evolved through a 
fluid amalgam of material characteristics and 
applications, knowledge claims, technological 
capabilities, market transactions and political 
decisions”.13 Their paper thus shows us how, in 
Britain and France over the course of the long 
18th C., legal disputes, rival taxonomic schemes, 
taxation programmes, and plans for agricultural 
improvement all contributed to shaping coal’s 
material identity, one that is still contested today. 
Indeed, geoscientists have argued that it makes 
sense to see various coals as highly-localised 
natural products, and yet, for economic conve-
nience, a four-fold taxonomic scheme (lignite, 
sub-bituminous, bituminous, and anthracite) is 
nevertheless still widely in place.14 Yuval-Naeh 
focuses more specifically on Victorian Britain, 
demonstrating that – besides its practical uses 
– coal was seen by the middling- and upper-
classes as a botanical wonder, “a relic of the 
deep past”.15 As geo-historical science became 
fashionable, the botanical origin of coal “pro-
vided alternative imagery for one of Britain’s 
darkest and harshest environments – the coal 
mine – by pasting pastoral scenes of luxuriant 
forests over the underground arena of social 
struggle”.16

12 Lissa Roberts and Joppe van Driel, “The Case of Coal”, 
in Lissa Roberts and Simon Werrett (eds.), Compound 
Histories: Materials, Governance and Production, 1760-1840 
(Leiden: Brill, 2017), 57-84 (57).
13 Id.
14 Ibid., 59-62.
15 Naomi Yuval-Naeh, “Cultivating the Carboniferous: 
Coal as a Botanical Curiosity in Victorian Culture”, Victorian 
Studies, vol. 61, n? 3, 2019, 419-445 (419).
16 Ibid., 440.

Although Cavert provides a similarly socio-cultural 
discussion of coal smoke in early modern London, 
coal does not get the same treatment. He does, 
however, indicate that he favours an anthropo-
logical approach to coal by stating that he sees 
coal “as one of the many ‘things’ that became 
essential to the emergence of a certain kind of 
society”, while citing Arjun Appadurai’s acclaimed 
edited volume The Social Life of Things (1986). If 
future research can give 17th C. and early 18th C. 
attitudes to coal in Britain the same treatment 
that Roberts, van Driel, and Yuval-Naeh give later 
attitudes (or the treatment that Cavert gives coal 
smoke), then one paper from The Social Life of 
Things becomes particularly relevant. In his con-
tribution, William Reddy examined two trade dic-
tionaries to highlight how the French Revolution 
instigated a new “commercial Weltanschauung” 
about textiles: before the Revolution detailed 
connoisseurship was crucial; afterwards the 
production process took on a new significance.17 
Tracing such changes in the socio-cultural biog-
raphy of coal – and indeed all natural resources 
– has the potential to tell us much about the his-
torical importance of coal, as fuel or otherwise.

COAL-MINERS AND THE SCIENTIFIC REVOLUTION

Cavert’s argument in Chapter 6, “Smoke in the 
scientific revolution”, is nuanced and convincing: 
coal smoke was widely believed to be harmful by 
certain (but not all) physicians to certain (but not 
all) types of person, but the physicians had a diffi-
cult job proving this empirically; they were there-
fore only ever partially successful. They could, for 
instance, persuade 17th C. demographers that coal 
smoke might have slightly influenced Londoners’ 
comparatively short life expectancy, but that this 
was largely the result of moral and social degen-
eracy. In making this argument, Cavert manages 
to explain and reconcile the divergent approaches 
to coal smoke taken by historians of medicine 
and literary critics.18

17 William M. Reddy, “The Structure of a Cultural Crisis: 
Thinking about Cloth in France Before and After the 
Revolution”, in Arjun Appadurai (ed.), The Social Life of 
Things: Commodities in Cultural Perspective (Cambridge: 
Cambridge University Press, 2014), 261-284 (265).
18 On these narratives see William M. Cavert, The Smoke 
of London, 80-81 (cf. note 2).
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Physicians and demographers thus get the 
lion’s share of Cavert’s attention in Chapter 
6, with some attention going to Robert Boyle 
and John Locke, amongst others, in so far as 
their chemical work related to medical theory.19 
This works for Cavert’s study, with its focus on 
those aspects of “science” that related most 
pressingly to the concerns of early modern 
Londoners. But Cavert, I believe, would agree 
that a comprehensive history of coal smoke as 
it related to the alleged 17th C. and early 18th C. 
scientific revolution would demand more than 
one chapter’s worth of material.

Although Cavert briefly mentions the Baconian 
practice of writing weather diaries “championed 
by members of the Royal Society”, his omission 
of one of the fellows’ similarly Baconian prac-
tices – that of taking excursions into mines – 
is surprising. In 1666, Boyle listed 101 “Inquiries 
Touching Mines” and he actively encouraged the 
fellows of the Royal Society to visit mines as 
valuable sites of natural inquiry. Four of Boyle’s 
inquiries seem particularly relevant to Cavert’s 
topic: numbers 6, 17, 24, and 38 all addressed 
mine vapours and damps.20 And, true to Bacon, 
Boyle suggested that the fellows sought the 
first-hand testimony of the mineworkers to 
respond to many of his inquiries: “What Methods 
the Mine-men use in following the Vein…”, and 
“How the Miners deal with Rocks and Sparrs…” 
were but two examples.21 Many of the fellows 
that responded to Boyle’s inquiries researched 
metal-mines, but a number of published papers 
in the Philosophical Transactions of the Royal 
Society did address coal-mines: “That damps 
naturally fire of themselves, we have the gen-
eral Testimony of Miners, and [Henry Power]”, 
Martin Lister wrote in a 1684 paper about coal 
pyrites.22 The fellows of the Royal Society, then, 

19 Ibid., 88.
20 Robert Boyle, “Articles of Inquiries Touching Mines”, 
Philosophical Transactions of the Royal Society, vol. 1, 1666, 
330-343.
21 Ibid., 335-336.
22 Martin Lister, “The Second Paper of the Same 
Person Concerning the Spontaneous Firing of the Pyrites”, 
Philosophical Transactions of the Royal Society, vol. 14, 1684, 
515-517 (516).

were one subset of early modern Londoners 
that certainly did not ignore the experiences 
of mineworkers.23

Such research would necessarily centre on 
coalfields at a distance from London. Yet 
Cavert’s story about the metropole could only 
be enriched by new provincial stories. My point 
is that future work should examine any con-
nections between natural philosophical under-
standings of coal damps and vapours on the 
one hand, and, on the other, the smoke emitted 
from the mass consumption of coal in cities like 
London. Were they seen as separate entities? 
Did natural philosophers see any relationship 
between them? Was the embodied under-
standing of damps and vapours possessed by 
coal-miners of use to natural philosophers, or 
was this a merely tacit kind of knowledge that 
could not be appreciated by them?

Such research questions may fruitfully be 
explored by considering coal-mines as “trad-
ing zones” in the vein of Pamela O. Long, where 
vernacular, practical expertise and learned nat-
ural knowledge coalesced.24 A careful reading 
of natural philosophers’ observations of miners 
may prove revealing. Connections can then be 
drawn from the natural philosophical work on 
damps and vapours, and the work on smoke. 
By focusing on the experiences of mineworkers, 
their bodily knowledge of the coalfield environ-
ment, and the natural knowledge that natural 
philosophers drew from them in turn, this work 
would complement Cavert’s research by telling 
the other part of the story.

THE TRANSITION TO COAL AND ENERGY 
DETERMINISM

Thomas Turnbull has recently decried deter-
minism in energy history, calling for a more 
nuanced approach that sees energy as an 

23 William M. Cavert, The Smoke of London, 18 (cf. note 2).
24 Pamela O. Long, Artisan/Practitioners and the Rise 
of the New Sciences, 1400–1600 (Corvallis: Oregon State 
University Press, 2011), chapter 4.
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“inter-dependent historical agent”.25 By conduct-
ing a close reading of Nef, E.A. Wrigley, and Rolf 
Sieferle, Turnbull shows us that these “original 
energy historians” developed much more qual-
ified arguments about energy transitions than 
subsequent generations of historians have sug-
gested. Crucially, Turnbull also argues that each 
of the three writers’ historical interpretations 
were conditioned by their own perceptions of 
contemporary environmental crises. “This should 
encourage us”, Turnbull claims. “Our future is not 
preordained, rather there is great potential to 
redefine society’s relation to energy”.26

Following Turnbull, could one then see Cavert’s 
argument as reflecting the perceived apathy 
of current world readers to climate change? 
Perhaps – but it would be harder to dispute the 
wealth of empirical sources that Cavert draws 
upon that, on this reading, just so happen to 
support his argument. And at any rate, to read 
too much into Turnbull’s stance on “historiogra-
phy as a form of ‘environmental’ history” would 
somewhat contradict his persuasive stance 
against determinism.27 Cavert’s work is not the 
least bit deterministic, offering a thorough-going 

25 Thomas Turnbull, “Energy, History, and the Humanities: 
Against a New Determinism”, History and Technology, vol. 
37, n? 2, 2021, 247-292 (273).
26 Ibid., 274.
27 Ibid., 248.

dissection of early modern London’s relation to 
energy and qualifying how, despite the negatives, 
coal took off regardless. Human behaviour is 
central to Cavert’s story, just as Turnbull would 
hope. Despite the distance of some 400 years, 
there are nonetheless striking parallels between 
early modern Londoners’ begrudging acceptance 
of coal, and the acceptance found in other cor-
ners of the modern world. The stark lesson from 
Cavert’s study is that the opportunity to redefine 
society’s relation to energy will be no easy feat. 
If energy regimes are not deterministic, can the 
same be said for human apathy?

CONCLUSION

To summarise on a less bleak note: William 
Cavert’s The Smoke of London is an excellent 
book. It is of interest, of course, to early modern 
environmental historians but, as I hope to have 
demonstrated here, the themes it addresses 
ensure that it demands a broader readership. 
Responses to the suggestions for future research 
made here would be most welcome, no doubt, 
in the pages of Journal of Energy History / Revue 
d’Histoire de l’Énergie.
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