


 282 

comprehensive power selling and sharing agreement was the most important step in 

the eventual financial success of the hydroelectric dam.   

The Pennsylvania Water & Power Company also made a contract with The 

United Railways and Electric Company (United Railways) of Baltimore, the city’s 

electric streetcar company.  Negotiations began as early as July of 1910, but were not 

completed until 1911.
49

  By 1912, United Railways had over 400 miles of track and 800 

cars in its system, operating all the streetcars within 17 miles of Baltimore.  The contract 

was signed on February 11, 1911 and reportedly called for an initial supply of 16,000 hp 

(electricity sales used both horsepower and kilowatts as units of measurement.  1 kw is 

approximately 1.33 hp).
50

  This contract also included a power-sharing clause whereby 

the new steam generating stations of United Railways would be available to the 

Pennsylvania Water & Power Company at times of low river flow.
51

  

 The difference between owning a controlling stake in the companies and 

operating as independent entities can be seen from a comparison of the contracts the 

Pennsylvania Water & Power Company and McCall’s Ferry Power Company made with 

the Baltimore companies.  The McCall’s Ferry Power Company had signed contracts 

with Consolidated and United Railways as early as 1907, but these contracts were for 

small amounts of power.  While exact details are not known, newspaper articles reported 

that the total was around 10,000 kw for Consolidated and 4,000 kw for United Railways.  

The contracts Pennsylvania Water & Power made allowed a much greater percentage of 
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the dam’s output to be sent to Baltimore, starting with 25,000 kw and allowing for 

increases of up to 100,000 kw.
52

  This difference between supplying small amounts of 

power versus a large percentage of the base load was a significant factor in the financial 

success of the latter organization.   

 The integration of the Holtwood Dam into a network with the coal-fired 

electricity plants of Consolidated and United Railways marked a further departure from 

the organic economy.  The variable flows of the river could not supply the consistent and 

ever-increasing power needed by the region’s electrical consumers.  By supplementing 

the river’s flows with fossil fuel energy, the Holtwood dam became part of an electrical 

network characteristic of the mineral economy.  

Lancaster was the third major customer for Holtwood’s power.  Lancaster was 

interested in receiving hydroelectricity early on because the local utility, the Edison 

Electric Company, had generating plants that were not in good operating condition.  As 

early as 1910, the Pennsylvania Water & Power Company reported in its annual report 

that a contract had been agreed to supply Lancaster with power and only needed formal 

confirmation.
53

  Apparently this formal confirmation never happened.  By June 16, 1911, 

the Board of Directors authorized Aldred to suspend negotiations with Edison Electric 

due to a failure to reach an agreement.
54

  By June of the following year, the Board of 

Directors approved resuming negotiations and a contract was signed on October 9, 
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1912.
55

  In its 1912 Annual Report, the company announced that a ten-year contract 

had been signed and would go into effect on May 1, 1913.  Pennsylvania Water & Power 

would supply practically all the power needs of Edison Electric using both 

hydroelectricity and steam power from Consolidated during times of low river flow.
56

  

Once again, it is important to note that signing a contract for all of Lancaster’s power 

needs was dependent upon the initial contract with Consolidated that gave the dam 

company access to steam power at times of low river flow.  The Edison Electric 

Company took responsibility for building the twenty-mile transmission line from 

Lancaster to Holtwood.  This contract was the first step towards the development of a 

regional power network that went beyond supplying Baltimore.    

 Even with these three contracts signed, the nature of the Susquehanna River and 

the variable demands of electric utilities for power meant that Pennsylvania Water & 

Power still had excess capacity, particularly during times of high river flow and at non-

peak load times.  To utilize this power, the company decided to create an electro-

chemical plant that could be supplied with this cheap power when demand from other 

consumers was low.  Aldred had already tried this strategy successfully with his 

Canadian hydro-development project.  In 1915, Pennsylvania Water & Power formed the 

Shawinigan Electro-Products Company to manufacture ferro-silicon, a raw material 

important in steel manufacture.  With an initial installation of a 10,000 hp furnace, the 

company noted that the plant would generated $150,000 in earnings from electric usage 

alone.  The dividends from sales of ferro-silicon would go to company stockholders as 
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well.
57

  At first, this was a very successful venture, especially as ferro-silicon was 

important for the war effort.  The plant’s capacity was expanded to 30,000 hp in 1917, 

when the company reported that it would use 100,000,000 kwh that would have 

otherwise gone unused.
58

  With the end of the war, there was a glut of ferro-silicon on the 

market and the total output decreased significantly.  By 1919, the plant was barely in 

operation.
59

  Although the company continued to exist for several years, its relative 

importance seems to have diminished as it ceased to be mentioned in Annual Reports or 

Corporate Minutes.   

 It is also important to note where power did not go.  There were several other sites 

of significant electricity consumption within a hundred miles of the dam for which 

contracts could not be negotiated, including Philadelphia, Wilmington, Harrisburg, and 

Reading.  The fact that arrangements could not be made to sell excess power to these 

sites demonstrates that simply having the capacity to produce electricity did not mean it 

would get used or paid for.  The network of customers created by Aldred was not simply 

the set of largest and nearest utilities.  The energy landscape of the Susquehanna River 

was determined by financial interrelationships and prior technological investments, not 

geographical proximity.   

 

Transmitting Energy 

 Customer contracts were necessary to the financial success of a hydroelectric 

enterprise, but only if the power could be transported many miles from the dam cheaply 
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and reliably.  Without wires connecting Holtwood with its customers, the output of 

the dam would have been trapped at the site of production.  The transmission wire 

network of the Pennsylvania Water & Power Company made it possible for the power of 

the river to support the extension of an urban and industrial society many miles away.  By 

studying these wires, we get a better sense of how the system as a whole worked.    

 When Pennsylvania Water & Power turned its attention to transmitting power to 

Baltimore at the beginning of 1910, it planned to create the longest high-voltage line on 

the eastern seaboard.  Fortunately, it could draw on earlier precedents and engineering 

knowledge that made the project more feasible.  At this time, California led the nation in 

the development of high-voltage transmission wires.  Hydroelectric resources in the 

Sierra Nevada Mountains were aggressively pursued as a way to provide power to 

growing cities such as San Francisco and Los Angeles.  For example, as early as 1901 the 

Bay Counties Power Company had constructed a 140-mile transmission line from the 

Sierra Nevada mountains to Oakland.
60

  In addition to knowledge from other parts of the 

nation, several of the engineers Aldred brought to Holtwood including J. A. Walls had 

prior experience operating transmission wires from Shawinigan Falls to Montreal.   

 As soon as Aldred acquired control of both the Holtwood Dam and Consolidated 

in 1909, it was a foregone conclusion that power would be sent to Baltimore.  Company 

engineers soon began to acquire many of the necessary rights-of-way for the transmission 

line.
61

  The company desired to have a one hundred-foot wide right of way for the forty-

mile route to Baltimore.  The relatively wide strip of land would allow the company to 
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build several transmission lines along the right of way and to keep trees away, 

thereby mitigating the risk that they would fall on the line and interrupt service. 

 Obtaining rights-of-way was not a simple process.  Utility companies, despite the 

efforts of the McCall Ferry Power Company and Aldred, did not have general eminent 

domain privileges.
62

  Moreover, the Pennsylvania Water & Power Company’s charter did 

not grant it privileges to operate over a large geographic area.  Therefore, the 

management team created three subsidiary companies to build the transmission lines: the 

Pennsylvania Transmission Company in York County, PA; the Susquehanna 

Transmission Company in Baltimore County, MD; and the Susquehanna Pole Line 

Company in Harford County, MD.    

 For most practical purposes, the fact that these were separate companies was just 

a legal matter that did not influence actual operations.  However, there was one notable 

exception.  The Susquehanna Pole Line Company in Harford County, MD had a special 

corporate charter that gave it eminent domain privileges.
63

  This right allowed the 

Susquehanna Pole Line Company to force owners to sell them rights-of-way across 

private lands at court-ordered prices.  This quickly drew the ire of landowners who either 

opposed the presence of high-voltage transmission wires across their property or wanted 
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to receive higher levels of compensation.  However, the courts upheld the 

transmission company’s rights.
64

  By contrast, in York and Baltimore counties, the 

subsidiary companies had to pay higher rates to landowners for the right-of-way.  In all 

the counties, the companies needed to apply to the County Commissioners for permission 

to cross public highways.
65

   

 Despite these subtle differences between the subsidiary companies, they were all 

under the direction of the Pennsylvania Water & Power Company.  By the summer of 

1910, the company had acquired the rights-of-way in York and Harford counties, but was 

having difficulty getting the remaining rights in Baltimore County.
66

  Finally, by the end 

of August, it was reported that the final property rights had been attained.
67

 

 At the same time the company was working to acquire the line, it also made its 

decisions on materials.  As was common on long-distance transmission wires, the 

company opted for steel towers instead of wooden poles.  Steel towers were more reliable 

and could support heavier cables, thereby justifying the additional construction expenses.  

This was especially important as it was common for alternating current to be separated 

into three phases, each of which was shipped over its own wire.  A circuit consisted of 

the three wires put together, and a transmission wire usually referred to one or two 

circuits.  The company contracted with the Milliken Company to design steel towers 

capable of supporting two circuits or a total of six wires.  Second, the company chose to 
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use aluminum wires wrapped around a steel core.  Copper was the most common 

material for transmission wires at the time due to its high levels of conductivity.
68

  

However, aluminum was lighter than copper, had a higher melting point which was 

beneficial at high voltages, and only cost slightly more per pound.
69

  Because aluminum 

was lighter, each wire could hold 19 strands, thereby giving the circuits a normal capacity 

of 16,000 kw and a maximum capacity of 40,000 kw.   

 Finally, the company had to decide on the line’s operating voltage.  Higher 

voltages were more desirable because they resulted in lower energy losses during 

transmission.  For example, the energy loss over forty miles on a 66,000-volt line was 

estimated to be 1/40
th
 the loss on an 11,000-volt line.

70
  On the other hand, increasing the 

voltage of the electricity required transforming the electricity (“stepping it up” at the 

generating station and “stepping it down” at the receiving station).  Some electricity was 

lost as the voltage was increased or decreased, and a company also had to invest in 

machinery to perform these tasks.  Higher voltage electricity was also more difficult to 

manage and needed more insulators along the transmission route.  Therefore, company 

engineers had to find the right balance between energy losses in transmission and the 
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financial costs of stepping the energy up and down.  They ultimately decided to 

operate the line at 70,000 volts.   

 With these decisions complete, workers began actual construction of the line.  The 

first step was to build the steel towers, each of which was fifty to a hundred feet high and 

about five hundred feet apart.  By the summer, several hundred men were at work.  

Construction teams were generally composed of a foreman, linemen, and grunts.  

Linemen were skilled workers who climbed the towers as they were being built and 

connected the steel beams.  Grunts were responsible for hauling the materials and 

hoisting the beams to the linemen.  The men lived in tents along the path of the wire and 

moved camp as they made progress.
71

 

The labor of building a transmission line was not easy.  The erection of steel 

towers was physically demanding under the best conditions.  The steel bars for the towers 

needed to be hoisted into place using ropes and pulleys.  To provide foundations for the 

towers, the men drilled holes in rocks and poured concrete foundations.  Under good 

conditions, a team could erect a tower in a day or two.  However, if the land was uneven 

or the ground was marshy, it could take up to a week for a single tower.  The supplies had 

to be hauled to the area by men and animals since most of the path ran through rural 

fields.  There was also danger: a worker could fall off a tower, be struck by a tool 

dropped by a lineman, or be injured dynamiting ground rock to create a base for the 
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tower.  One of the workmen, a man named Evans Vickers from Delta, PA, died when 

a dynamite stick exploded as he approached a tower base.
72

   

As the company was overseeing construction of the steel towers, it also built 

transformer stations at the beginning and end of the line.  The wires began at a substation 

on the island between the York and Lancaster side of the river.  Here the electricity was 

stepped up from 11,000 volts to 70,000 volts.  The company bought a piece of property 

from Consolidated on the outskirts of Baltimore and built a second transformer station 

(Highlandtown) that reduced the voltage of the line to 11,000 volts.
73

  From this 

substation, Consolidated shipped the electricity to its other substations and further 

reduced the voltage as it was distributed to end customers.   

By the end of July, the steel towers had been erected in York County and the 

northern section of Harford County.
74

  The remaining towers were built over the next two 

months.  The final step was to string the wires.  First the men installed a grounding wire 

along the top of the steel towers for lightning protection.  For the installation of two 

circuits, a small group of men traveled the length of the line, uncoiling the six aluminum 

wires and connecting them to the steel towers.  Each wire was separated from the steel 

tower by three feet of porcelain insulators.  

By October, the line was complete and the company was ready to begin service.  

On October 14
th

, Mayor Mahool of Baltimore touched a knob in the powerhouse at the 

dam and electricity began coursing through the line.  It was reported that lights were 

                                                
72

 According to newspaper reports, Vickers had planted three sticks of dynamite to remove rocks for the 

base of a tower.  He approached the tower after the initial explosion, but apparently the third stick of 

dynamite had not yet blasted.  It went off as he neared the tower, killing him instantly.  “Fatal Accident on 

New Power Line” The Aegis, June 10, 1910.   
73

 Pennsylvania Water & Power Company, Holtwood Power Development, 16. 
74

 "Susquehanna Transmission Company." 



 292 

burning in the Baltimore substation before the spectators were able to begin 

applauding.
75

  The flowing water of the Susquehanna could now power lights, run 

streetcars, and operate machinery several miles away.   

 Although the construction of the Holtwood Dam drew the most comment from 

contemporary observers, the creation of a transmission line network was as critical to the 

ultimate success of the venture.  The fact that the transmission wires allowed the energy 

to travel instantaneously to Baltimore’s homes and factories with only small losses meant 

that the energy of the Susquehanna River was no longer restricted to the riverbed.  As had 

happened with coal canals and oil pipelines, transport infrastructure enabled a geographic 

separation between the sites of energy production and consumption.  A new energy 

landscape had been created.   
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Image 5.2: Transmission Wire to Baltimore, Showing 2 Circuits
76

 

 
 

Putting the System to Work  

 With the creation of the dam, powerhouse, transmission lines, and customer 

contracts, the Pennsylvania Water & Power Company was ready to turn the estimated 

thirteen million dollar investment into a productive enterprise.
77

  The company soon 

began to ship large amounts of electricity to its customers.  By 1916, the company 
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produced 420,000,000 kwh, which was over 14 percent of the electricity generated by 

utilities in Pennsylvania and 3 percent of the hydroelectric power produced nationally.
78

  

The company was able to supply the entire needs of the city of Lancaster, a majority of 

the power in Baltimore, and had enough left over to operate a ferro-silicon factory.    

 Baltimore was the first and primary market for the company’s hydroelectricity.  

Consolidated absorbed the lion’s share of the Holtwood dam’s output, which provided 

more than half of Baltimore’s electric supply for the period.  During the 1910s, 

hydroelectricity made up nearly two-thirds of Consolidated’s energy, and just under half 

in the following decade (see Table 5.1).  In addition, the company sent a considerable 

amount of electricity to Baltimore that United Railways used for its streetcar service.   

 

Table 5.1: Consolidated Steam versus Hydro Electricity, 1910-1929
79

 
 Electric output  Steam generation Hydro power 

purchased  

% of total output 

from hydro 

1910-1914 524,698,746 137,477,583 387,491,163 73.81 

1915-1919 1,588,413,815 611,918,635 976,495,180 61.48 

1920-1924 2,739,137,068 1,441,974,768 1,297,162,300 47.36 

1925-1929 4,044,206,887 2,240,636,305 1,803,570,582 44.60 

 

 The delivery of electricity from the Susquehanna River to Baltimore coincided 

with, and no doubt contributed to, a period of major industrial growth for the city.  Ever 

since a fire had destroyed much of Baltimore’s downtown in 1904, its citizens and 

boosters had felt the city’s industrial growth was not keeping pace with other urban 

centers.  Because he believed that a healthy Baltimore economy would be profitable to 

both Consolidated and Pennsylvania Water & Power, Aldred spearheaded an industrial 
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survey of the city in 1914 that sought to identify opportunities for growth.  The 

opening of the report noted that not all was well: “The one clear and emphatic impression 

left upon our minds by the data hereinafter presented is that the industrial growth of 

Baltimore has been less pronounced than it should have been, having in mind the general 

economic progress of the country and the forward strides of other cities no more 

favorably circumstanced.”
80

  Given Baltimore’s advantages in location and access to 

natural resources, the report noted that much better progress could be achieved if 

businessmen actively supported new enterprises.  The survey inspired Baltimore 

businessmen to create The Industrial Corporation, an agency designed to provide capital 

and support to new business enterprises.
81

   

 The efforts of the new organization, along with cheap power from the 

Susquehanna, contributed to an industrial resurgence over the next couple decades.  

When Consolidated sponsored a new industrial survey twenty-five years later, the report 

noted: “The progress of the City during this period has been northing short of remarkable, 

its industrial growth far surpassing that of competing cities on the Atlantic Seaboard and 

its rank among the industrial centers of the United States, based on value of 

manufactures, advancing from eleventh to seventh.”
82

  Baltimore’s industrial output grew 

from just under 300 million dollars to more than 925 million dollars from 1914 to 1937.  

Moreover, its industrial output had actually grown despite the Depression conditions 
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whereas other seaboard cities such as New York, Philadelphia, and Boston had 

experienced declines.
83

   

Consolidated played an important role in stimulating this growth, serving more 

than 3,300 industrial customers with over 425,000 hp of installed motors by 1924.  153 

companies in the metal industry had installed 130,773 hp of electrical capacity, 29 

railroad and railway companies used 45,771 hp, 17 fertilizer companies used 21,652 hp, 

and 18 shipbuilding companies used 18,348 hp.  Other industries using significant 

quantities of electricity included textiles, ice and refrigeration, stone and concrete, 

woodworking, paper, office buildings, butchers, bakers, glass, and electrical equipment.
84

  

By 1931, Baltimore’s residential customers used nearly 20 percent more electricity and 

paid 3 percent less than the average residential customer for the nation as a whole.
85

  

Baltimore homeowners used more electricity than Philadelphians as well, consuming on 

average 585 kwh versus 499 kwh in 1929.
86

  

Lancaster also benefited from access to power from the Susquehanna.  Beginning 

in 1913, the Holtwood dam provided nearly all the power distributed by the Edison 

Electric Company.  The demand in that year was just under 25,000,000 kwh.  By 1936, 

the demand for electricity exceeded 166,000,000 million kwh, an increase of 650 percent 

in just over twenty years.  Once known for its rich agricultural heartland, Lancaster also 

developed into an important industrial center using electricity in industries including 

machine shops, fertilizer, bakeries, textiles, ice, glass, cork, dairies, linoleum, and 
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hardware.
87

  As was characteristic of the mineral economy, this industrial growth 

occurred without requiring the region to decrease its agricultural output—more and more 

was possible.  

 The final outlet for power was the Shawinigan Electro Products Company.  The 

factory was built in 1915 with one 10,000 hp electric furnace capable of producing 30 

tons of ferro-silicon a day, or about 10,000 tons per year.  The next year, the company 

tripled the plant’s capacity to 30,000 hp, due to the high demand for steel during the First 

World War.  The electrical consumption of the plant was remarkable—about 55,000,000 

kwh in 1916, nearly 100,000,000 in 1917, and 60,000,000 in 1918.
88

  To put this 

consumption into context, a single factory used more electricity than the entire load of 

Lancaster and nearly a third of Baltimore, one of the nation’s largest cities.  Given the 

huge electricity inputs to the creation of materials such as ferro-silicon or aluminum, it is 

clear that the production of these materials was only possible within the context of energy 

superabundance.    

 As Pennsylvania Water & Power increased its supply of electricity to its various 

markets, it had to expand both its production facilities and its transmission wire network.  

For example, the company added new generators to the hydroelectric plant.  When the 

powerhouse was completed in 1910, it was designed for a total capacity of ten generators, 

but the company had only installed the hardware for the first five units by 1911.  This 

was a pragmatic financial move, since each generator cost a significant amount of money 

to install and it was not worth incurring the interest charges until it was clear that the 

power could be sold.  As it turned out, the company also benefited when improvements in 
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generator capacity allowed them to install more efficient turbines.  The initial 

capacity of each generator installed in 1910 was 7,500 kw.  By 1911, the capacity of each 

generator had been increased to 10,000 kw, and the sixth unit in 1912 was rated at 12,000 

kw.
89

  The seventh unit was installed in 1913, the eighth in 1914, and units nine and ten 

in 1924.   

 In 1924, the company decided to supplement its hydroelectricity with a steam 

power plant that could be used during times of low river flow.  For fuel, the company 

decided to take advantage of an unintended consequence of its dam construction.  Since 

being built, the lake that formed behind the dam had operated as a settling basin for 

anthracite coal dust from the collieries upstream.  By dredging the mixture of sand and 

coal from the lake bottom and separating it into low-grade coal, the company found a 

cheap and available fuel for its steam plant.  By summer of 1925, the company had an 

additional 30,000 hp of steam capacity supplementing the flow of the river.
90

  A river 

survey conducted by the company in 1931 estimated that there were more than ten 

million tons of recoverable anthracite coal in the lake bed, enough to power the plant for 

several decades.
91

 

 As with other examples of transport infrastructure, the company’s transmission 

network required maintenance and expansion over time.  From the beginning the 

company employed a number of men to patrol the transmission line to ensure it remained 

in working order.  In addition, as Baltimore increased its electricity demand, the 

transmission losses on the initial two circuits began to increase.  Therefore, the company 
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added another steel tower capable of handling two more circuits along its right of way 

in 1914.  One circuit of wires was added in 1914 and the other in 1917.  The company 

also expanded the Highlandtown substation to be able to handle the additional flow of 

electrons, increasing the station’s capacity to 94,000 hp of electricity.  The company 

noted that the efforts would cost around $400,000 but pay for itself very quickly in 

decreased line losses.
92

   Within a year, the new wires had already reduced transmission 

losses by 2.5 percent.
93

    

 The company also worked to make the lines more reliable.  Lightning was the 

biggest source of disruptions.  In the line to Baltimore’s first full year of operation, there 

were 23 interruptions due to lightning strikes.  Between 1911 and 1917, lightning caused 

an average of 5.8 outages per year.
94

  One way of mitigating the effect of lightning was to 

run two wires at the top of the steel tower that were designed to catch the lightning and 

run it to the ground.  In addition, the company installed Nicholson’s fuse lightning 

protection apparatus.  The device automatically removed the voltage from the 

transmission line when a lightning flash was detected and immediately restored service 

afterwards.
95

   

Aldred also sought new markets for the company.  In the early 1920s, there were 

several discussions about the possible development of an integrated power system 

connecting the utilities of the eastern seaboard.  The first was the Superpower system 

proposed by William S. Murray, who envisioned a series of long transmission wires 

linking large generating stations between Washington D.C. and Boston thereby creating 
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an integrated network on the eastern seaboard.
96

  Pennsylvania Water & Power was a 

strong early proponent of this system, largely because it offered the company more 

outlets for peak hydroelectric power that currently went unsold.  The more the company 

was integrated into regional transmission grids, the more power it could sell.  By 1921, 

the company was providing information to the Superpower survey and by the following 

year was proclaiming Holtwood to be ideally located for such a system in its promotional 

literature.
97

  Although a government initiated Superpower system never came to fruition, 

Pennsylvania Water & Power was supportive of the move towards regional integration of 

power distribution.    

 While supporting the Superpower proposal, the company took matters into its 

own hands and expanded its network by signing new contracts in 1923 with the Edison 

Light & Power Company in York, PA and the Chester Valley Electric Company in 

Coatesville, PA.  To supply these customers with electriicty, the company built 70,000-

volt transmission lines to each of the cities that could later be expanded to 110,000 volts 

if integrated into a wider network.  While neither of these contracts called for power 

deliveries comparable to the arrangements with Baltimore or Lancaster, they provided the 

company with a wider power market and an expanded network.  The company saw this as 

an advantageous strategy since it positioned them to be a more central player in any 

Superpower network.  The transmission line to Coatesville was also strategic.  It ran on a 

path directly from the dam towards Philadelphia, making a future interconnection with 

the Philadelphia Electric Company easier to implement.   
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 Finally, in 1930, the company began construction of a new hydroelectric dam 

eight miles north of Holtwood at Safe Harbor.  Company engineers had been considering 

a second dam since at least the 1910s, and by the end of the 1920s believed there was 

sufficient demand to justify the construction of a 255,000 kw dam, more than twice the 

capacity of Holtwood.  Pennsylvania Water & Power and Consolidated jointly financed 

the project and ground was broken in April of 1930.  Due to a fortuitous combination of 

cheap labor due to the start of the Great Depression and a year of low river flow, the dam 

was completed ahead of schedule by December of 1931.  Most of the power was 

absorbed by Consolidated while the Pennsylvania Railroad, which was in the process of 

electrifying its railroad lines between Washington, DC and New York, consumed much 

of the rest of the output.
98

   

 The companies constructed a series of new transmission wires to distribute the 

output.  These included a 70-mile set of 220,000-volt wires to the Westport substation on 

Baltimore’s west side built in 1931, a 32-mile 132,000-volt transmission wire from Safe 

Harbor to Perryville, MD (near Havre de Grace) to supply the Pennsylvania Railroad, and 

a 70,000-volt line connecting the Safe Harbor and Holtwood dams.  In addition, 

Consolidated built a 60-mile 220,000-volt line from Baltimore to Washington D.C. to 

provide an interchange with the Potomac Electric Power Company.
99

   

 The expansion of its system led to financial rewards.  The company began paying 

dividends in 1914 at a rate of 1 percent quarterly and increased this rate to 1.75 percent 
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by 1921.
100

  In May of 1927, the company decided to eliminate the par value of its 

stock (which had previously been $100) and issue four shares for every previous share.
101

  

The dividends had been paying at 2 percent quarterly prior to the split, and in 1930, the 

new dividend rate was $3 per share (comparable to 3 percent quarterly under the old 

share).  By 1931, the price of a share was selling on the New York Exchange at around 

$63 in 1931, giving original stockholders a tidy profit.
102

  By 1936, in the midst of the 

Great Depression, the dividend rate was increased to $4 per share and it would reach $5 

per share in 1939.
103

  

 Two things are notable about the supply of electricity shipped from the 

Susquehanna to these locations.  The first is that the transmission wires enabled the 

building up of energy-intensive enterprises at locations far away from the site of energy 

generation.  Instead of moving people and industries to the Susquehanna River, the 

transmission wires made it easy to move the power of the Susquehanna River to cities.  

Second, once each location got access to cheap and abundant electricity, it triggered a 

pattern of steady growth.  Lancaster, a mid-sized city, was using more power in 1923 

than Consolidated supplied to Baltimore just eleven years before.
104

  Consolidated’s 

output grew at a similar rate, from just over 125 million kwh in 1914 to 1,300 million 
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kwh in 1938.
105

  Once businesses, shopkeepers, and homeowners were able to acquire 

cheap electricity, they increased their consumption exponentially.    

 

Map 5.2: The Pennsylvania Water & Power Company Transmission Wire Network, 

1933
106
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Power Grids in the Mid-Atlantic, 1900-1930 

 

When the Pennsylvania Water & Power Company constructed its transmission 

wires from the Holtwood Dam to Baltimore in 1910, they fit the pattern of electricity 

transport in the mid-Atlantic and nation as a whole.  At this date, long-distance 

transmission wires were used almost exclusively to link hydroelectric dams with urban 

markets.  For example, transmission wires connected hydroelectric dams at Niagara Falls, 

the Adirondack Mountains, and the Delaware River with the region’s cities.  Unlike the 

organic economy, where people and industries moved to sites of water power, 

transmission wires enabled hydroelectricity to be diverted to urban industries.   

A survey of the electricity transmission wires built in the mid-Atlantic before 

1910 demonstrates the direct connections between hydroelectric power and long-distance 

transmission.  According to a comprehensive survey undertaken by the trade journal 

Electrical World, there were 24 transmission wires operating in New York and 

Pennsylvania at 44,000 volts or above.  Over two-thirds of these were located in western 

New York around the Niagara Falls power developments.  Three took hydroelectric 

power from the Adirondack Mountains to Utica and its suburbs.  Four more wires were 

built in central Pennsylvania from a small hydroelectric station at Warrior Ridge.
107

  

Thus, all the long-distance wires built during this decade in the mid-Atlantic were 

affiliated with hydroelectric developments.  The mid-Atlantic was not unique in this 

regard.  A survey in 1914 documented 55 transmission wires operating at or above 
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70,000 volts across the world (including the lines between the Holtwood Dam and 

Baltimore).  All but six were connected to hydroelectric plants.
108

 

Most of the nation’s electricity did not come from water power, however.  Steam-

fired turbines burning coal produced most of the electricity.  For example, in 1912, 73 

percent of the nation’s capacity at central power stations was powered by steam and 27 

percent was powered by water.  The mid-Atlantic relied even more heavily on steam—at 

a ratio of approximately 79 percent steam to 21 percent hydroelectric.
109

  The use of coal-

fired steam power in the mid-Atlantic was largely a product of earlier energy landscapes.  

Coal canals, which were later eclipsed by railroads, made anthracite and bituminous coal 

cheap, abundant, and reliable in the mid-Atlantic thereby giving steam-generated 

electricity a cost-advantage in the region.  The transport of steam-generated electricity, 

therefore, had a different logic.  Coal was shipped hundreds of miles by railroads to urban 

generating stations, burned to produce electricity, and then transported short distances to 

consumers.       

Between 1910 and 1930, the use of long-distance transmission wires in the mid-

Atlantic became much more common and was no longer exclusively linked to 

hydroelectric dams.  Three trends were particularly important for stimulating these 

developments.  The first factor was the increasing separation between site of production 
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and site of consumption.  At the beginning of the twentieth century, many industrial 

enterprises generated their own power, meaning that electricity did not even need to 

travel beyond the walls of the factory.
110

  Throughout the nineteenth century, industries 

had been accustomed to supplying their energy needs, whether by installing a water 

wheel or operating a steam engine.  When a company chose to replace their existing 

power source with electricity, they typically purchased their own dynamos and operated 

them internally.   By the 1910s and 1920s, most factory operators decided it was cheaper 

and more efficient to purchase electricity from centralized utility stations.
111

  This 

transition increased the amount of electricity that needed to be transmitted, at the very 

least from the central station to the factory.   

The gradual expansion of the area served by utility companies also drove the 

expansion of the transmission wire network.  In 1910, Consolidated of Baltimore served 

an area of 88 square miles with 16,605 customers.  By 1925 they had expanded to serve 

158,608 customers over a 600 square mile area.
112

  Public Service Electric & Gas, which 

controlled the large majority of electric supply in New Jersey, had only 47 miles of 

transmission wires in 1903.  By 1913, the company created a more integrated network by 

building 576 miles of transmission wires, mostly operating at 6,600 and 13,200 volts.
113
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The expansion of utility networks both geographically and in terms of increased 

numbers of consumers required steady additions to the transmission systems.  

However, the creation of regional utility conglomerates was the most important 

reason for the expansion of long-distance transmission wires.  Between 1900 and 1930, 

and most acutely between 1915 and 1925, the majority of electric utility companies in the 

mid-Atlantic were consolidated into regional monopolies owned by large holding 

companies.  For example, in 1924, over 70 percent of privately-owned electric generating 

capacity was under the control of holding companies.
114

  The mid-Atlantic was no 

exception—in 1922, it was estimated that 98 percent of Pennsylvania’s power came from 

prime movers owned by holding companies.
115

    

There is a subtle distinction between holding companies and regional 

conglomerates.  Holding companies were financial schemes that brought several utilities 

under the overall management of a single organization.  The holding company provided 

several benefits to the individual companies including access to financing, technical 

expertise, and management experience.  Regional conglomerates were collections of 

utilities operating collectively in the same region.  Sometimes holding companies also 

created conglomerates of regional utilities.  For example, the United Gas Improvement 

Company was a holding company that purchased control of the Philadelphia Electric 

Company in 1928.  Because United Gas Improvement Company also controlled the 

Counties Gas & Electric Company, the Philadelphia Suburban Gas & Electric Company 
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as well as sixteen other smaller units operating in the Philadelphia area, it was able to 

bring the entire region under the management of a single organization.  However, holding 

companies did not only acquire utilities in the same region.  For example, United Gas 

Improvement also owned utilities in Iowa, Nebraska, New Jersey, Virginia, and 

Florida.
116

  The desirability of the proliferation of holding companies was a hotly debated 

topic at the time, as will be discussed later in this section, and led to the development of 

alternative political visions for the organization of the electric industry.
117

 

Regional conglomerates were often formed by holding companies, but sometimes 

they emerged independently.  For example, the Aldred companies (Consolidated, 

Pennsylvania Water & Power, and Safe Harbor Water & Power) operated as a regional 

conglomerate, but were not part of a holding company scheme.  The Philadelphia Electric 

Company, while owned by a holding company, was the center of a regional conglomerate 

in the mid-Atlantic.  Regional conglomerates offered an additional benefit beyond 

financial, technical and management assistance: improved performance through system 

interconnection over high-voltage wires.  As regards the creation of transmission wires, 

the important development was the formation of regional conglomerates, a process that 

was connected with, but not identical to, the holding company movement.
118
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Integrating the different systems of a regional conglomerate using 

transmission wires offered at least three technical benefits: improving the reliability of 

service, achieving a better load balance, and consolidating generation at new and more 

efficient stations.  First, interconnection improved reliability because it allowed a utility 

to draw power from other locations if a generator malfunctioned.  This was especially 

important due to the high cost and difficulty of storing electricity.
119

  Therefore, if one 

generator failed or needed repairs, supplementary power could be sent over transmission 

wires.    

Second, transmission wires helped regional conglomerates improve their load 

factor—the ratio of the utility’s overall generating capacity to its average use.
120

  A utility 

had to invest enough capital to handle the peak load (the biggest draw on the system at 

any given time) but was rarely able to utilize its entire capacity for more than a brief 

period of time.  Utility companies sought to improve their load factor by encouraging 

diverse uses of electricity that would consume power at different times of day.  

Combining the loads of several different utilities offered another strategy.  If hypothetical 

utility companies A, B, and C each had a peak load of 25,000 kilowatts, then they would 

need to invest in at least this much generating capacity.  However, if the peak loads of the 

systems occurred at different times, the maximum demand of all three utilities might only 

be 60,000 kw.  By building interconnecting wires and sharing power, the three utilities 
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could save money by avoiding an additional 20 percent investment in generating 

equipment. 

The third opportunity for saving money came from installing large and modern 

generating equipment.  Between 1900 and 1930 the size and efficiency of electricity 

generators increased dramatically.  A 5,000 kw generator in 1905 was considered large, 

as was a 12,000 kw generator in 1912.  By 1929, there were generators with capacities 

exceeding 200,000 kw.
121

  Larger and more modern generators produced more electricity 

using less fuel and at a cheaper cost.  Returning to our hypothetical utilities in the 

previous paragraph, suppose that each anticipated a load growth of 10,000 kw over the 

next five years.  It would be far more cost-efficient to build a single 30,000 kw generating 

station rather than three separate 10,000 kw installations.   

The benefits of interconnection can be seen in the actions of the Metropolitan 

Edison Company in 1923.  The company already controlled utilities in several cities in 

eastern Pennsylvania (Easton, Reading, York) and New Jersey (Dover).  In 1923, the 

company extended its territory into central and southern Pennsylvania by purchasing 

utilities in York Haven, York, and Hanover.  Second, it expanded its network of 

transmission lines by building a 110,00-volt line connecting Reading and Easton.  Third, 

it constructed a 30,000 kw steam plant at Middletown along the Susquehanna River near 

Harrisburg and began work on a 200,000 kw plant along the Delaware River by 

Easton.
122

  Each of these moves (buying up companies, building transmission wires, 

constructing large generating stations) was related, as it only made sense to concentrate 
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production in large plants if one had the transmission wires to move it and the broad 

customer base to balance the load and absorb the full output of a large new generating 

station.  

Of course, regional utility conglomerates had non-technical benefits for utility 

companies as well.  Most importantly, they led to a significant reduction in regional 

competition.  Even though most utility companies operated with monopoly privileges in a 

given geographic area, they were still required to justify their rates to various regulatory 

commissions.  By lowering competition, regional conglomerates could charge higher 

prices and experience less pressure from regulatory agencies.   

By 1930 the various utilities in eastern Pennsylvania had been gathered into a 

small number of regional conglomerates.  These oligopolistic enterprises included 

Metropolitan Edison, Philadelphia Electric Company, Pennsylvania Power & Light 

(which controlled utilities throughout the anthracite region including service in Mauch 

Chunk, the Panther Valley, Mahoney, and Wilkes-Barre), New Jersey Public Service 

Electric & Gas (which controlled most of New Jersey), and the Aldred companies 

(Consolidated, Pennsylvania Water & Power, Safe Harbor Water & Power).   

The economic benefits of integrating networks through load sharing and building 

efficient generating stations could only be achieved with a mechanism for transmitting 

the power between the utilities.  High-voltage long-distance wires filled this need.  

Between 1910 and 1919, 28 new lines were built.  Several of the hydroelectric 

companies, including Pennsylvania Water & Power, Niagara, Lockport, and Ontario 

Power, Utica Gas & Electric, and Adirondack Power & Light extended their transmission 

networks, together building ten additional wires operating at 66,000 volts spanning about 
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280 miles.  This decade also witnessed the first development of transmission wires 

designed for networks of steam plants.  In Pittsburgh, the Duquesne Light & Power 

Company constructed a one hundred mile network of ten 66,000-volt wires between its 

coal-fired plants and the West Penn Electric Company built two additional wires of the 

same voltage with a length of over 60 miles.  The Penn Central Light & Power Company 

extended its network with an additional 100 miles of 45,000-volt wires through five 

separate lines, although it appears that no new hydroelectric stations were involved.
123

   

Between 1920 and 1924, there was a dramatic increase in the pace of transmission 

wire construction that helped create a broader grid of lines in the region.  There had been 

about 1,200 miles of high-voltage transmission lines built between 1900 and 1919 in the 

mid-Atlantic.  In the five years between 1920 and 1924, utilities built an additional 2,200 

miles of transmission wires, including the region’s first 110,000-volt wires.  These wires 

were largely the result of the interconnections between regional utility conglomerates.  

Many of the companies that had built wires in the preceding decades expanded their 

networks by acquiring new utilities and markets.  For example, companies like Niagara, 

Lockport, and Ontario Light & Power, Duquesne Light & Power, and Penn Central Light 

& Power expanded their networks.  In addition, new conglomerates such as Metropolitan 

Edison (seven wires of at least 66,000 volts spanning 200 miles) and Penn Public Service 

Corporation (four wires traveling 225 miles at 110,000 volts) entered the field.  By the 

end of 1924, there were a total of 130 high-voltage transmission wires stretching nearly 

3,500 miles across Pennsylvania and New York.
124

  The region now had a transmission 
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grid network connecting its hydroelectric and steam plants with urban consumption 

centers.   

 

Map 5.2: Map of Transmission Lines 60,000 Volts and Higher, 1925 

 
 

 

The Politics of Integration 

By 1920, it was widely recognized that utility companies could produce electricity 

more cheaply when they combined diverse loads and shared generating capacity via 

transmission networks.  However, there was significant debate about what form this 

“sharing” or “collaboration” would take.  Despite the benefits of lower costs, many 

worried that the emergence of holding companies and consolidation within the industry 
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would lead to monopoly conditions.  Without competition the savings in generation 

costs might go to financiers, not customers.  In addition, anti-monopoly advocates had 

recently had their greatest victory, with the court-ordered breakup of the Standard Oil 

Trust in 1911, thereby encouraging those opposing the rise of holding companies.  

Throughout the 1920s, and continuing into the 1930s with Roosevelt’s New Deal 

programs, politicians, businessmen, and citizens debated how regional networks should 

be formed, who should own them, how they should be operated, and most importantly, 

who would benefit the most from them.   

Many of the differing perspectives can be understood through the history of 

Superpower, Giant Power, and the PNJ Interconnection.  Superpower and Giant Power 

were government-initiated proposals that sought to create regional networks across the 

eastern seaboard and Pennsylvania, respectively.  Neither proposal was implemented, but 

they provide a useful perspective on debates at the time.  Drawing on some of the ideas of 

Superpower, the PNJ Interconnection was a set of electricity transmission wires and 

operating arrangements between three large regional conglomerates in the mid-Atlantic.  

Understanding why Superpower and Giant Power failed while the PNJ Interconnection 

succeeded gives us insight into the power dynamics of regional transmission networks.   

The ideas for the Superpower proposal emerged during the energy shortages of 

World War I.
125

  Due to a combination of increasing coal prices, material shortages, and 

high demand from war-related industries, most utilities in the mid-Atlantic and across the 

nation had difficulty supplying enough electricity.  These energy shortages disrupted 

                                                
125

 The history of Superpower can be found in several sources, including: William S. et al. Murray, "A 

Superpower System for the Region between Boston and Washington,"  (Washington: Government Printing 

Office, 1921); Singer, "Power to the People: The Pennsylvania-New Jersey-Maryland Interconnection, 

1925-1970". 



 315 

manufacturing for the war effort and led to unreliable electric service in all sectors.  

Utilities found it difficult to increase their output due to long lead-times for installing new 

capacity, shortages of materials, and high labor costs.  Several observers from the 

industry noted that electricity shortages often occurred in one location while surrounding 

utilities had extra power.  The total supply of energy was not the critical problem—it was 

a transport issue.  If there was a mechanism to share power between utilities, they 

reasoned, many of the shortages could be avoided.   

This observation did not lead to the creation of regional connections during the 

war, but it did inspire the development of a Superpower proposal shortly afterwards.  

William S. Murray, a consulting engineer to railroad companies, began conceptualizing a 

plan to interconnect the electrical grids in the American northeast.  He envisioned 

creating a Superpower zone between Washington D.C. and Boston that extended from the 

coast about 150 miles inland.  He began talking with other engineers and politicians 

about building high-voltage transmission lines between utilities, concentrating production 

at large plants, and electrifying the trunk-line railroads.  He hoped that the electrification 

of the railroads would reduce the burden of carrying coal, thereby opening freight space 

for higher-value industrial goods and conserving the supply of coal. 

In 1920, Murray obtained financial support from the Secretary of the Interior to 

investigate his ideas further under the auspices of a Superpower survey.  He gathered a 

team of utility executives, electrical engineers, and financial analysts together and formed 

an Advisory Board that sought to determine how such a system could be implemented.
126
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The board quickly agreed on the engineering aspects of the proposal.  The economic 

benefits of regional integration were clear and the technology of transmission wires was 

well understood.  However, the members could not reach an agreement on issues of 

financing, ownership, and regulation.  The utilities refused to accept a plan that allowed 

the Federal government to purchase Superpower properties after 50 years, while the 

government was unlikely to grant eminent domain privileges and other incentives for the 

project without additional regulation.   

In the end, the Superpower Advisory Committee agreed to present the technical 

aspects of the proposal without addressing the legal, political, and financial aspects.  The 

report was printed on June 30, 1921 and received favorable newspaper coverage.
127

  

However, little direct action came of the proposal since it did not provide a mechanism 

for its implementation.  While various groups continued to discuss ideas of Superpower 

over the next several years, it was not implemented according to Murray’s vision.   

Superpower was not the only government proposal for transmission networks on 

the eastern seaboard.  Under the leadership of the engineer and former utility regulator 

Morris Cooke and Governor Gifford Pinchot, Pennsylvania developed an alternative 

vision of electrification.  Pinchot had become famous for his conservation work as head 

of the Forestry Service and had been elected on a reform platform.  Once in office, he 

worked with Cooke to develop a new proposal for electrification in Pennsylvania.  

According to Cooke and Pinchot, the existing networks in Pennsylvania were being run 

for the benefit of the corporations, not the people.  They believed that consumers paid too 

much for electricity that was being generated in old and inefficient plants, that rural areas 
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had too little access to electricity, and that the Superpower scheme was designed to 

maximize profit, not benefits for common people.   

Cooke had been an early advocate of the Superpower system and a friend of 

Murray’s, but had distanced himself when Murray publicly critiqued the Ontario Hydro-

Electric Commission in 1922.
128

  The Ontario system was a very well regarded public 

power project and Cooke thought Murray’s critique painted an unfair picture of 

government’s role in the electric industry.  In 1923, he convinced Pinchot to develop an 

alternative plan for Pennsylvania that would use the power of government to create an 

electric distribution system that would benefit individual consumers, not large utility 

companies.  They successfully petitioned the state for authorization of a “Giant Power” 

survey in 1923 and began work.   

In 1925, Cooke and Pinchot presented an ambitious proposal to the Pennsylvania 

legislature.  Although the proposal shared many of the technical features of the 

Superpower plan—high-voltage transmission wires, large and efficient generating 

stations, railroad electrification—it also included major initiatives for rural electrification, 

rate reductions for residential consumers, and expanded government oversight.  The 

center of the system was a series of large “mine-mouth” generating plants located in the 

heart of western Pennsylvania’s bituminous coalfields.  Smaller and less efficient stations 

in the east would be phased out and the electricity would be shipped across the state over 

a series of 220,000-volt transmission lines 300 miles in length.  The coal would be pre-

treated to recover its bi-products, thereby further lowering the cost of electric production.  

While some questioned particular aspects of the technical elements of the plan, such as 
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whether there was sufficient cooling water at mine-mouths and how power plants on 

the east coast would be phased out, it was the other provisions of Giant Power that 

elicited the strongest responses.
129

 

The report’s calls for shifts in distribution, ownership, and oversight were 

controversial: Pinchot and Cooke were recommending a significant shift in the 

relationships between the government and industry.  Pinchot and Cooke argued this was 

necessary to obtain desirable social outcomes.  They claimed the difference between 

Superpower and Giant Power was like that between a tame and wild elephant: “One is the 

friend and fellow worker of man—the other, at large and uncontrolled, may be a 

dangerous enemy.  The place for the public is on the neck of the elephant, guiding its 

movements, not on the ground helpless under its knees.”
130

  The men painted the 

consolidation of the electric industry as a serious threat: “under the control of a single 

monster corporation...If uncontrolled, it will be a plague without previous example.”
131

  

Only with a more active government role, Pinchot and Cooke argued, could society 

increase rural electrification, lower the electric rates paid by domestic consumers, and 

protect itself from the dangers of corporations.   

As these sentiments make clear, Giant Power was not simply a proposal to 

increase the reliability of electricity.  For Cooke and Pinchot, along with many other 

contemporaries, electricity was more than an energy source: it was essential to improving 

the human condition.  Ronald Tobey’s aptly titled book, Technology as Freedom, 
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captures the widespread belief in the 1920s and 1930s that electrification would lead 

to numerous social benefits.
132

  For instance, Pinchot argued that electrification provided 

the opportunity to return to a pastoral ideal of living in the countryside: “Steam brought 

about the centralization of industry, a decline in country life, the decay of many small 

communities, and the weakening of family ties.  Giant Power may bring about the 

decentralization of industry, the restoration of country life, and the upbuilding of the 

small communities and of the family.”
133

  Giant Power was a social movement as well as 

a technical proposal.   

While there was widespread sentiment that many of the aims of Giant Power were 

socially desirable, the proposed restructuring of the utility industry galvanized its 

opponents.  A mostly factual recounting of the proposal in Electrical World was titled 

“Pinchot Takes a Radical Stand.”
134

  William Murray called the ideas “communistic” and 

“rotten at the core.”
135

  In addition, the Giant Power report was vague about how its goals 

would be achieved.  It called for the creation of a Giant Power Board that would be 

responsible for implementing the broad goals.  In January and February of 1926, a Joint 

Committee between the House and Senate of the Pennsylvania Legislature met to discuss 

the proposal.  Opponents of the bill brought in industry experts to argue that the plan was 

not realistic and would damage Pennsylvania’s power system.  Ultimately, the Joint 
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Committee agreed with the opponents and voted against the proposal on February 8, 

1926.
136

  It does not appear that the bill was ever re-introduced. 

While neither Superpower nor Giant Power was implemented in a way that their 

founders intended, the general discussion of interconnection did lead to new energy 

transmission patterns.  However, it would be developed by utilities, not government.  In 

1927, Pennsylvania Power & Light, the Philadelphia Electric Company, and Public 

Service Electric & Gas came together to create the PNJ Interconnection.  The three 

parties agreed to construct a 210-mile 220,000-volt set of transmission wires that would 

connect each company’s systems at four locations: Bushkill, PA, Siegried, PA, Plymouth 

Meeting, PA, and Roseland, NJ.  The transmission network would allow each company 

to share electricity efficiently so as to minimize overall production costs.
137
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Map 5.3: PNJ Interconnection, 1928 

 
 

The logic of the PNJ Interconnection was essentially the same as sharing 

electricity within the several branches of a regional conglomerate.  By having access to 

power from other suppliers, each company lowered its overall capital requirements for 

electricity generation, obtained additional reliability, and balanced its load versus that of 

other suppliers.  As Bayla Singer noted in her study of the PNJ Interconnection, it was a 

conservative strategy that fit the utilities’ current working model.
138

  The PNJ 

Interconnection provided a technical and administrative structure that encouraged the 

utilities to share power whenever it was profitable to do so without disrupting the existing 

patterns of the industry.   

Even though there were technical similarities between Superpower, Giant Power, 

and the PNJ Interconnection—all involved creating high-voltage long-distance 
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transmission lines to connect the region’s generating stations—their histories reveal 

much broader debates about the politics of such a system.  In the end, the fact that the 

PNJ Interconnection was designed by and paid for by utility companies meant that certain 

political visions were excluded.  The final agreement did not call for centralization of 

production, electrification of railroads, conservation of coal, rural electrification, or 

reduced rates to consumers.  It simply provided a mechanism for the utility companies to 

reduce costs.  The strength of the holding companies would not be challenged, and their 

utility companies would continue to increase their profits.   

However, the ambitions in Superpower and Giant Power did not die entirely.  

Some of them were integrated into New Deal reforms in the 1930s that achieved greater 

government regulation and rural electrification.  In 1935, the Public Utility Holding Act 

forced several holding companies to dissolve, including eventually forcing Aldred to 

resign his role as director of Pennsylvania Water & Power and Consolidated.  The Rural 

Electrification Act did more to bring electricity to farms than any efforts undertaken by 

the utilities.
139

  Taken collectively, these various visions of electrification demonstrate 

that differences in how transport networks are constructed can lead to very different 

social outcomes.    

 

Conclusion 

 The Holtwood Dam and its transmission wires created new relationships between 

mid-Atlantic residents and their environment.  Before the erection of the dam, the raging 

powers of the Susquehanna River were considered too remote and variable to be of much 
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use as an energy source.  Transforming the river’s power into hydroelectricity that 

could be shipped cheaply and abundantly to urban locations changed this logic—it 

created a new energy landscape.  Similar to the development of canals and pipelines, this 

energy landscape took concentrated energy from rural regions and transported it to the 

region’s urban centers.  Moreover, by providing mid-Atlantic residents with ever-

increasing quantities of energy, the dam and its wires contributed to the deepening of the 

mineral economy.   

  In 1910, the dam and its transmission wires were pioneering electrical 

developments in the region.  The dam was the most extensive in America and the wires 

were among the longest in the region.  Over the next twenty years, other utilities in the 

region began to follow the Pennsylvania Water & Power Company’s example.  Utility 

companies formed regional conglomerates and used transmission wires to link their 

various generating stations, similar to the way the Holtwood Dam’s wires exchanged 

power between the Susquehanna River and Baltimore’s steam-fired plants.     

 Collectively, the mid-Atlantic’s transmission wire network directed large amounts 

of energy to the region’s industrial cities.  There was nothing natural or inevitable about 

this.  As revealed by the histories of Superpower, Giant Power, and the PNJ 

Interconnection, citizens, businessmen, and politicians debated where transmission wires 

should be built, how they should be operated, and who they should benefit.  Of course, 

the region’s history influenced the outcome of these debates.  Earlier energy landscapes 

of coal and oil had encouraged the rise of industrial cities by making fossil fuel energy 

cheap and abundant in urban cores.  Once electricity was added to the region’s energy 

mix, it followed many of the patterns established by coal and oil.   
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Electricity transmission wires pushed the region further into the mineral 

economy.  Wires enabled electricity to be generated at one location and then shipped to 

another.  They made electricity cheaper in the regions they served by lowering the capital 

construction costs of utility companies.  Wires increased the reliability of electrical 

service by providing linkages between various generating plants in case one of them 

failed.  Cheap and reliable electricity, in turn, provided people with new opportunities to 

use energy in homes, factories, and for transport.  How, when, and where mid-Atlantic 

residents used this energy and how it accelerated the transition to a mineral economy is 

the subject of the next chapter.    
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Chapter 6: Electricity Consumption and the  

Mineral Economy, 1900-1930 

 

 The widespread introduction of electricity has been one of the most important 

transformations of the twentieth century.  By providing a flexible energy source that can 

be used in homes, shops, and factories, electricity has altered many of the ways 

Americans live, work, and play.  A typical American today uses electric power dozens of 

times daily, in alarm clocks, coffee makers, computers, elevators, televisions, vending 

machines, and more.  The extent of our current dependence on electricity is clearly 

revealed on those rare occasions when the power goes out.  For example, the widespread 

electrical blackouts hitting the Northeast in August of 2003 disrupted life-support 

systems at hospitals, shut down many transportation systems, and crippled 

communication networks.  It even forced wealthy tourists visiting New York City to 

sleep in hotel lobbies when the electric locks on their doors could not be opened. 

 These patterns have their roots in electrical practices developed between 1900 and 

1930.  During these years, mid-Atlantic residents created new uses for electricity that 

changed their world.  Electric lighting created new visual landscapes for cities and 

homes; electric streetcars made suburban living practical; electric motors in factories 

facilitated the rise of new forms of work organization such as assembly lines; and the use 

of domestic appliances initiated the use of fossil fuels for mechanical energy in the home.  

Overall, these new consumption patterns helped solidify the development of a mineral 

economy in the mid-Atlantic.  By 1930, the mid-Atlantic was an urban and industrialized 
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society using coal, oil, and electricity to surpass the limits to growth characteristic of 

an organic economy.   

Electricity had many features in common with coal and oil but also introduced 

new twists to the energy practices of the mid-Atlantic.  Coal, oil, and electricity were 

similar in that all could be used to provide heat, light, and power.  However, electricity 

was unique because of the flexible ways it could provide these services.  In particular, 

deriving power from coal and oil usually required large and cumbersome steam or 

internal combustion engines.  These worked well to provide power in mines, forges, 

railroads, and automobiles, but did not have much potential to be used on a small scale 

(consider the difficulty of operating an alarm clock with a coal-fired steam engine!).  

Electricity could be used in devices of any size, allowing the development of small (and 

cheap) electrical appliances like radios and irons as well as massive dynamos capable of 

powering entire factories.  As a result, electricity created new possibilities for the 

consumption of mineral energy sources in the mid-Atlantic’s homes, factories, and cities.   

 This chapter connects the development of the transmission wire networks studied 

in the previous chapter to their broader social impacts.  Webs of wires made new 

electricity consumption patterns possible for many, although not all, residents of the mid-

Atlantic.  However, they did not, by themselves, determine what shape these changes 

would take.  This chapter studies how electric energy was used in the mid-Atlantic and 

how these patterns varied both within the region and in comparison with other parts of 

the United States.  In particular, I emphasize the four major uses of electricity during this 

time period—lighting, street railways, industrial power, and domestic appliances—and 

their effects on the mineral economy.  In the conclusions, I examine who gained and lost 
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the most and how electrification perpetuated an ongoing dependence on mineral 

energy sources.   

 

Putting the Energy Landscape to Work 

Wires linked consumers with the generating stations that transformed falling 

water or fossil fuel into flows of electricity.  Although it rarely mattered to consumers 

whether their power came from water or fossil fuels, the source of the electricity 

influenced its transport patterns.  Hydroelectric power usually traveled long distances 

between rivers and cities.  Coal-fired power plants, on the other hand, relied on the long-

distance transport of fossil fuel energy to urban generating stations and then short 

transmission wires to deliver the power to consumers.  Regardless of how it was 

produced, most electricity in the mid-Atlantic between 1900 and 1930 was consumed in 

the same type of place: the region’s urban centers.   

The creation of the Holtwood Dam on the Susquehanna River reflected the logic 

of large-scale hydroelectric developments in the mid-Atlantic.  Transmission wires 

shipped most of the power from these dams away from rivers to distant cities.  The 

Holtwood and Safe Harbor dams on the Susquehanna River supplied electricity to 

Baltimore as well as Lancaster, York, and Coatesville.  The power of the Conowingo 

Dam, completed in 1926 on the Susquehanna River, was mainly transmitted to 

Philadelphia.  The Wallenpaupack Dam, on a tributary of the Delaware River, transported 

its power to Allentown, Williamsport, and Scranton.  Dams in the Adirondack Mountains 

shipped their current to Albany, Utica, Schenectady, and Syracuse.    
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 The hydroelectric facilities at Niagara Falls were a slight exception to this 

pattern.  When the first turbines were installed in 1895, transmission wire technology was 

still in its infancy.  Therefore, several metallurgical and electrochemical factories 

established themselves near Niagara Falls, creating a small industrial center.  Over time, 

engineers constructed a series of transmission wires that carried much of the electricity to 

Buffalo, Rochester, and Syracuse, but the Niagara area remained an important site of 

production.
1
  The example of Niagara Falls, therefore, is more reminiscent of the organic 

economy and the mills at Lowell, Massachusetts than the Holtwood Dam. 

 Electricity created by burning fossil fuels followed a different transport logic.  

Most of the region’s electricity was generated using coal.
2
  In general, coal-fired 

generating stations were located in the urban areas where their power was consumed.  

These stations, in turn, relied on previously built energy landscapes.  Most importantly, 

they depended on the cheap and abundant transport of coal to cities.  By 1900, the 

transition from canals to railroads for the shipment of coal was practically complete.  In 

fact, coal constituted the greatest volume of freight for the nation’s railroads.  In 1922, 

coal represented a third of Pennsylvania’s railroad traffic—3 billion ton miles.
3
  

Therefore, electricity generated from coal utilized two energy landscapes: railroads to 

ship coal hundreds of miles to urban generating stations, and wires to ship the electricity 

the remaining few miles to customers.   
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 Whether it was produced at rivers in rural areas or in urban generating 

stations, electricity was mainly consumed in the mid-Atlantic’s cities between 1900 and 

1930.  This pattern also reflected the operations of previous energy landscapes—canals, 

railroads, and pipelines had enabled people and industries to concentrate in urban 

locations over the previous decades.  Urbanites had greater needs for mineral-based 

energy sources and greater wealth with which to purchase them.  Moreover, the density 

of population and industries made it cheaper and easier for utilities to serve urban 

customers because it meant less wire, poles, and transformers had to be installed.   

 The energy landscape of electricity transmission and consumption was similar to 

coal canals and oil pipelines, but it was not identical.  First, electricity served a much 

broader range of cities.  Coal canals and oil pipelines funneled the largest amounts of 

energy to a few urban locations, primarily New York City and Philadelphia.  While the 

region’s major cities continued to absorb the lion’s share of electrical production, most of 

the mid-Atlantic’s cities had established electric service by the early years of the 

twentieth century.  For example, there were more than thirty cities in Pennsylvania with 

electric streetcar service by 1912, including smaller locations such as Bloomsburg (7,413 

residents in 1910), Chambersburg (11,800), Dubois (12,623), Lock Haven (7,772), 

McKeesport (42,694), and New Castle (36,280).
4
  By 1922, 785 of 1,212 incorporated 

towns in Philadelphia had access to some level of electricity, serving about three-quarters 

of the population.
5
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Second, the energy landscapes of electricity transformed the geography of 

cities by spurring the growth of suburbs.  As will be discussed further in the next section, 

electric streetcars played a critical role in encouraging suburban living.  By making it 

practical and cheap for workers to live more than a few miles away from their sites of 

employment, streetcars facilitated the geographic expansion of the city into its 

hinterlands.  With improved urban and suburban transport, many cities expanded from a 

dense cluster of buildings whose borders were only a few miles apart into sprawling 

collections of homes and factories spread out in a rough circle with a diameter of more 

than twenty miles.   

 By contrast, there was very little electrification outside of cities and their suburbs 

by 1930.  For those living in the countryside, rural electrification was a rarity before 

1930.  Only 2 percent of farms in the nation had electric service in 1910 and 10 percent 

by 1930 even though home electrification rates were 16 percent in 1912 and 68 percent in 

1930.
6
  The mid-Atlantic had slightly higher rural electrification rates than other 

American regions, but the percentage of farms served was still quite low.  In 1925, 

178,666 of Pennsylvania’s 202,250 farms lacked electric service (12,452 were supplied 

by utilities, and 11,132 operated their own generators either independently or in 

collectives).
7
   

The pathways of transmission wires often determined which rural areas had 

access to electricity.  Due to the lack of population or industrial concentration outside of 
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cities, it was rarely cost-efficient for utilities to build wires to rural areas.  However, 

some sites got access to electricity simply by being located along the pathway of a 

transmission wire between two cities or a hydroelectric dam and a city.  In such cases, it 

was possible to build a transformer station that would make power available.  However, 

there was no guarantee that this would actually happen.  For example, the transmission 

wires between the Holtwood dam and Baltimore did not provide service to any in-

between points. 

 The low rates of rural electrification in the mid-Atlantic and America in general 

were partly a result of geography and dispersed settlements, but they were also a product 

of social choices.  Several other nations including Holland (nearly universal), Germany 

(90 percent), and New Zealand (67 percent) had managed to achieve much more 

impressive rates of electrification by 1930.
8
  Furthermore, once the United States passed 

the Rural Electrification Act in 1935 subsidizing the financing of rural transmission lines, 

the rates increased sharply, showing that policy decisions had tangible impacts on 

development patterns.
9
  Rural electrification owed more to government efforts than the 

invisible hand of the market.    

 

Consuming Electricity, Shaping the Mineral Economy 

Electricity is distinctive as an energy source because of its variety of uses and the 

scales at which it can be applied.  Similar to coal and oil, electricity could be used to 

generate heat, light, and power.  What made electricity different was the fact that it could 
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provide variable levels of power.  Coal and oil used in steam and internal combustion 

engines produced large quantities of power that were only suitable for industrial or 

transport purposes.  Electricity, on the other hand, could safely and cheaply supply 

energy to motors small enough to be used in people’s daily lives and large enough for 

industrial operations.  It was particularly through the spread of small-scale energy 

applications that electricity helped mid-Atlantic residents extend the practices of the 

mineral economy to new domains.  Four applications of electricity were particularly 

significant between 1900 and 1930: lighting, street railways, industrial power, and 

domestic appliances.  Each of these practices contributed to the mineral economy in 

distinct ways.  

 

Overview of Electrical Consumption 

 Table 6.1 provides an overview of all electrical production and consumption in 

the United States between 1902 and 1927 to contextualize the importance of various 

applications.  Although the data are taken only from Census publications, they have been 

compared with other sources of statistics including publications of industry trade groups 

(National Electric Light Association, Edison Electric Institute, Electrical World) and 

other government organizations (United States Geological Survey) and found to be 

similar (most values were within a couple percentage points).
10

  Table 6.1 reveals a 

number of broad trends over time, such as the relative decrease of street railways as 
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consumers of electricity, the significant increase of industrial enterprises, and the 

slow rise of residential consumption.  I have yet to find any source of comparable data for 

the mid-Atlantic as a whole, but where possible I use particular bits of data to indicate 

when the region followed and deviated from national patterns. 

 

Table 6.1: U.S. Electricity Consumption By Sector, 1902-1927, in Millions of KWH
11

 
Year Total KWH 

(millions) 

Residential Industrial  Street railways Commercial Other (losses, 

imports, 

miscellaneous) 

1927 102,404 7,676 (7%) 54,407 (53%) 9,390 (9%) 10,766 (11%) 20,156 (20%) 

1922 61,816 3,916 (6%) 25,727 (42%) 12,405 (20%) 7,180 (12%) 12,588 (20%) 

1917 43,863 1,731 (4%) 16,510 (38%) 12,188 (28%) 5,213(12%) 8,221 (19%) 

1912 25,000 910 (4%) 5,198 (21%) 9,020 (36%) 4,076 (16%) 5,796 (23%) 

1907 14,262 ~428 (3%) 3,680 (26%) 6,009 (42%) ~1,293 (9%) ~2,852 (20%) 

1902 6,029 ~121 (2%) 1,201 (20%) 2,651 (44%) ~851 (14%) ~1,206 (20%) 

 

 

Lighting 

 Improved lighting was the first commercially successful implementation of 

electricity.  Beginning with Thomas Edison’s 1882 Pearl Street Station providing 

illumination for Wall Street, lighting has been the most long-standing and widespread use 

of electricity.  Whether in cities, homes, stores, or factories, electric light was a highly 

desired service.   

                                                
11
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Municipalities were the largest early adopters of electricity.  Many mid-

Atlantic cities had been trying to upgrade their street illumination for several decades and 

were often pioneers in establishing gas light and electric arc lamp systems in the 

nineteenth century.  During the 1880s when many cities adopted electric lighting, there 

were few private utilities in operation.  As a result, many cities established their own 

municipal generating stations that lit city streets and buildings and sold their excess 

capacity to homes and stores.  These installations were usually justified on the grounds 

that better street lighting would lead to safer streets and a more beautiful town.  However, 

the decision to invest in street lighting was not solely rational.  Street lighting was a 

symbol of modernity and towns competed with one another to have the best displays.  

Civic pride was at least as important of a motivating factor as safer streets in the early 

adoption of street lighting.
12

    

 If electric lighting was important to the status of municipalities, this was an even 

greater incentive for commercial establishments.  Shops in downtown regions, 

particularly department stores, used electric lighting in extravagant ways as part of their 

marketing efforts.  The historian David Nye has described this as the Great White Way, 

noting that the ways commercial enterprises used lighting far exceeded functional 

requirements: “electrification was a form of conspicuous consumption that said, ‘We are 

progressive and growing.’”
13

  Electric lighting encouraged the practice of shopping at 

night and provided a catalyst to the growing advertising industry.  Because of the cultural 

associations between electric lighting displays and modernity between 1900 and 1930, 

commercial enterprises invested heavily in lighting technology.   
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 In the home, electricity quickly replaced kerosene and gas as the main source 

of lighting whenever it was available and people could afford it.  The carbon-filament 

light bulb was as bright as gaslight without the downside of noxious fumes, dirty fixtures, 

fire risk, and over-heated rooms.  When the tungsten-filament bulb became common 

around the turn of the century, it offered an unparalleled level of brightness.  As 

Wolfgang Schivelbusch noted, “[t]he enthusiasm with which electric light was hailed in 

the late nineteenth century is in many respects reminiscent of the reaction evoked by gas 

lighting seventy years earlier.  In their time, both innovations were regarded as the most 

modern, the brightest, cleanest and most economical form of lighting.”
14

  During the first 

few decades of the twentieth century, the majority of home electric consumption came 

from lights.  The pace and adoption of electric lighting in the home was highly influenced 

by wealth and location.  Wealthy homes in cities began to install electric lighting in the 

1880s, while it took until after World War I for the majority of American homes to have 

access to electricity.  For those living in the country, electric lighting was still rare by 

1930 regardless of income level.
15

   

 Electric lighting was a boon to several industries, as well.  As opposed to 

manufactured gas, electricity produced superior light without several of the downsides of 

gas.  For example, electric lights did not leak gas which could lead to head aches, were 

less prone to starting fires (insurers often reduced rates when gas lights were replaced), 

gave off much less heat keeping factories more comfortable in the summer, and were 

more flexible as they could be moved around a room.  For jobs requiring precision work 

                                                
14
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15
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(such as many aspects of textile or craft work), flexible light that could be adjusted to 

the job made a significant difference in the quality of work.
16

    

 Determining exactly how much electricity was used for lighting in cities, homes, 

stores, and industries is difficult.  To get a sense of the total amount of electricity in 

lighting, we can return to Table 6.1 and look at the various user groups.  For residential 

consumers, lighting was the main use of electricity besides domestic appliances, which 

only began to occupy a larger percentage of overall consumption by the end of the period 

(as will be discussed later).  The same was true of commercial enterprises, which adopted 

light eagerly at the beginning and then began to use electricity for other purposes in the 

stores such as fans and elevators towards 1930.  Lighting also made up a surprisingly 

large amount of industry’s electric consumption, particularly in the early years when non-

power uses prevailed (see Table 6.3).  In addition, as street railway companies also sold 

extra electricity to consumers, it is likely that a small percentage of their consumption 

went towards lighting.  Putting all this together, with rough estimates for the percentage 

of use in the various sectors, results in Table 6.2.   

Table 6.2 involves several estimates, so its data should be read carefully.
17

  In 

general, it reveals that the overall amount of electricity consumed for lighting represented 

a significant percentage of early consumption but that its relative importance faded over 

                                                
16

 Ibid., 193. 
17
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time.  Even though the consumption of electricity for lighting increased roughly ten-

fold between 1902 and 1927, it failed to keep pace with growth in other sectors.  The 

percentage of electricity used for lighting showed a steady decrease over the period, from 

roughly over a quarter of all consumption to less than a sixth.  It does not appear that 

lighting patterns were significantly different in the mid-Atlantic region.   

 

Table 6.2: Electricity Used in Lighting, United States, 1902-1927
18

 
Year Total KWH 

(millions) 

Residential Industrial  Street railways Commercial KWH used for 

lighting 

1927 102,404 3,838 (50%) 4,897 (9%) 188 (2%) 7,536 (70%) 16,459 (16%) 

1922 61,816 2,350 (60%) 2,315 (9%) 744 (6%) 5,385 (75%) 10,794 (17%) 

1917 43,863 1,212 (70%) 2,311 (14%) 122 (10%) 4,170(80%) 7,815 (18%) 

1912 25,000 683 (75%) 1,092 (21%) 902 (10%) 3,465 (85%) 6,142 (25%) 

1907 14,262 342 (80%) 957 (26%) 601 (10%) 1,164 (90%) 3,064 (21%) 

1902 6,029 109 (90%) 504 (42%) 265 (10%) 766 (90%) 1,644 (27%) 

 

Table 6.3: Percentage of Electricity Used By Industry For Lighting, 1902-1927
19

 
Year Power Materials 

conversion 

Support 

services 

% of support services 

used for light 

(estimate) 

% of industrial 

consumption used for light 

(Column 4 X Column 5) 

1929 70% 17% 13 65% 8.45 

1920 70.9% 15.2% 13.9% 70% 9.7 

1913 59.2% 13.7% 27.1% 75% 20.3 

1899 30% 10% 60% 80% 48 

 

The use of electricity for lighting contributed to the development of the mineral 

economy in several ways.  First, it provided an essential financial basis for the expansion 

of the electrical industry.  Utilities typically charged much higher rates to residential and 

                                                
18

 The percentage in each category refers to the percentage of total consumption in that sector estimated to 

be for illumination.  The number of KWH is derived from multiplying the percentage by total consumption 

in that sector as presented in Table 6.1.  The estimate of residential consumption is based on a declining 
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became available.  The industrial value is derived from Table 6.3, and then extrapolated on a linear basis to 

fit the dates.  The street railway total is based on an estimate of the total light and power business of street 

railways, which decreased over this period.   
19
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commercial customers who used electricity for lighting than they did to industrial 

consumers using the current for power.
20

  For example, in 1902, it was reported that 

lighting represented over 80 percent of the revenues of central generating stations across 

the nation.
21

  Utilities in the mid-Atlantic were responsible for more than a third of this 

output and sales.
22

  Lighting, therefore, subsidized the growth of the electrical industry in 

its earlier years while new applications were developed.  

 As a financial stimulant to the industry, electric lighting was very similar to 

kerosene for the oil industry.  Kerosene was the primary use of the mid-Atlantic’s oil 

production during the nineteenth century, generating rich financial rewards for refiners.  

However, kerosene consumption could not keep pace with the use of oil for power and 

transportation in the first decades of the twentieth century.  While kerosene growth nearly 

doubled from 1900 to 1930, the use of gasoline and fuel oil grew sixty and fifty fold, 

respectively.  To a lesser extent, lighting played a similar role in the electrical industry.  It 

was a large part of early sales, but faded in importance over time as other applications 

increased their relative importance much more quickly.   

Electric lighting was also similar to kerosene in that it pushed people further away 

from cultural practices characteristic of the organic economy.  Artificial lighting allowed 

                                                
20

 Industries were able to negotiate much lower rates (often twenty cents on the dollar in relation to 

residential and commercial customers) for two reasons.  First, they typically used much larger amounts of 
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technical resources to operate their own electrical generators if they were unhappy with utility rates.   
21
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people to read and work at any time of night and during the long winter evenings.  

Just as kerosene helped to separate people from the experience of living according to the 

seasons, electric lighting continued these trends.  Moreover, electricity made it even 

easier for mid-Atlantic residents to use artificial light.  While kerosene lights required a 

household to purchase kerosene at the store, fill lamps, and tend wicks, electric lights 

could be operated with the flick of a switch.   

 

 

Street Railways 

 Street railways were one of the most important uses of electricity in the decades 

surrounding the turn of the twentieth century.  Electric streetcars provided a new form of 

urban transport that could effectively move people around cities in ways that transcended 

the capabilities of previous systems.  In particular, street railways made the development 

of suburban living patterns both practical and desirable.  Taking advantage of cheap and 

rapid transport to and from work sites in the urban core, millions of mid-Atlantic 

residents chose to buy homes in the suburbs.  The establishment of suburbs, in turn, had 

critical consequences for the development of a society dependent on mineral energy 

sources.  Once people established homes several miles away from work locations, they 

required regular transport options that exceeded the capacity of organic energy sources.  

Streetcars provided these transport services for the first decades of the twentieth century.  

In the 1920s and 1930s, personal automobiles began to replace streetcars, a development 

that further entrenched the dependence of mid-Atlantic residents on mineral energy 

sources.      
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In the late 1880s, when electric streetcars began to be introduced, cities 

already had access to organic (horses pulling omnibuses) and mineral (steam railroads) 

transport systems.  However, each of these systems had limitations.  Horse-drawn 

omnibuses were slow, expensive, and polluting.  Moreover, they traveled little faster than 

a person walking.  If we take an hour’s commute as a maximum distance people could 

live from their work locations, horse-drawn omnibuses and walking required people to 

live within three or four miles of stores and employment opportunities.
23

  Steam railroads 

were not much more useful.  People resisted their introduction onto city streets because 

they were noisy, polluting, and dangerous.  Moreover, steam railroads were most 

effective for long-distance transport, not the continual starting and stopping every couple 

blocks needed for urban transport.  Commuter railroad systems typically had stops only 

every quarter mile and served less than ten percent of local traffic in the late nineteenth 

century.
24

   

  Electric streetcars, by contrast, could travel more quickly along city streets and 

carry a greater number of passengers than horse-drawn omnibuses.
25

  Their electric 

motors were quiet and could be started and stopped quickly.  Street railways averaging 

eight or nine miles per hour made it practical for people to live as far away as six miles 

from work locations and be able to commute within an hour’s time.  Express routes with 

fewer stops expanded the range of service, thereby allowing people to live even further 

                                                
23
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away.  The result of streetcars was to make it practical for urban cores to increase 

from a diameter of roughly five miles to twenty to twenty-five miles.
26

   

 The ability to move passengers efficiently through cities was particularly 

important for Philadelphia and New York, whose populations in 1890 were 1,046,964 

and 1,515,301, respectively.
27

    By 1912, New York City led the nation in total 

passengers with more than a billion paid riders per year using electrified transport 

covering more than 700 miles of track.  Philadelphia streetcars provided nearly half a 

billion rides annually using 650 miles of track.
28

  However, streetcars were not exclusive 

to New York City or Philadelphia.  By 1912, there were more than 70 street railway 

systems operating throughout Pennsylvania, New York, and New Jersey.
29

   

 Electric railways did not only operate within city boundaries.  While most 

streetcars ran within a five to ten mile radius of city centers, their services were 

supplemented by the development of interurbans, electrified trains connecting nearby 

cities.  While the network of steam railroads developed over the nineteenth century made 

travel between cities possible, their rates, routes, and schedules tended to favor freight 

over passengers.  Interurbans focused on passenger traffic along with light and high-value 

freight such as mail.  The development of a reliable interurban network made it much 

easier for people to travel between cities and for those in the country to visit a city for the 
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day.  Interurbans also extended suburbanization: for example, interurbans extended 

suburbanization from New York City all the way to Nassau County.  

As a corollary to creating residential living patterns in the suburbs, streetcars 

encouraged the creation of centralized commercial and industrial districts.  Especially in 

conjunction with interurbans that could bring rural residents into the cities, streetcars 

gave a great boost to the development of a commercial downtown where several shops 

could be concentrated.  Large downtown stores, and department stores in particular, 

benefited from this concentration at the expense of country stores.  Similarly, several 

industries took advantage of the fact that streetcars allowed their workers to travel to sites 

further from downtown.  For some industries, this allowed them to obtain cheaper land.  

For others, it allowed them to move nearer to transport facilities or raw materials.  In this 

way, street railways and interurbans brought people closer together and pushed them 

further apart.  The development of electrified transport allowed rural and suburban 

residents to enter cities to shop and work at sites in urban cores, but they also led to a 

geographic dispersion of both industrial sites and population.
30

    

 Finally, streetcar companies were also important because they supplied electricity 

to consumers in their service areas.  Because their demand for electricity around the turn 

of the century was too great for most utilities to handle, most streetcar companies 

operated their own generating stations.  When they had excess electricity, particularly in 

the evening hours when fewer trolleys were in operation, they sold this power to 

consumers along the routes of the streetcars where their wires were already established.  

As a result, living along the path of a streetcar did not only mean that a family had access 
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to transportation, it also meant that they were much more likely to have electrical 

service.  This was especially the case along the paths of the interurbans.  For rural 

residents, one of the only opportunities to purchase electrical current was to tap the wires 

of a nearby interurban.    

By the turn of the century, street railway companies used nearly half of all the 

electricity consumed across the nation.  As seen in Table 6.4, the total electrical 

consumption of street railway companies continued to increase up through 1922, 

although not nearly as quickly as other sectors.  As a result, by 1927, street railway 

companies had more than tripled their electrical demand but had seen the percentage of 

overall consumption decrease from 44 percent to 9 percent of the total.  By the end of the 

1920s, the era of the street railway companies was coming to an end.  A combination of 

general economic decline that commenced with the Great Depression and competition 

from motor buses and automobiles led to a dramatic decrease in street railway operations.    

With only about 20 percent of the nation’s population, the mid-Atlantic was the 

nation’s leading region in streetcar development, transporting over 35 percent of the 

passengers and using more than 30 percent of the total electricity (see Table 6.5).  New 

York City operated the nation’s largest streetcar network while Philadelphia’s was the 

third most extensive behind Chicago by 1902.
31

  The fact that the mid-Atlantic was more 

urban than other regions contributed to this heavier use.  In 1925, there were 122 electric 

street railway companies in 55 of Pennsylvania’s 67 counties.
32
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Table 6.4: Street Railway Electrical Consumption, U.S., 1902-1927
33

    
Year Total electrical 

production (kwh) 

Total street railway 

(kwh) 

% electricity used by 

street railways 

Total passengers 

carried 

1927 102,404,000,000 9,389,597,006 9% 14,901,435,276 

1922 61,816,000,000 12,405,052,635 20% 15,331,399,851 

1917 43,863,000,000 12,187,850,831 28% 14,506,914,573 

1912 25,000,000,000 9,020,017,789 36% 12,135,341,716 

1907 14,262,000,000 6,009,130,100 42% 9,533,080,766 

1902 6,029,000,000 2,651,484,397 44% 5,836,615,296 

 

Table 6.5: Street Railway Electrical Consumption, Mid-Atlantic, 1902-1927
34

 
Year Total kwh street 

railways (US) 

Total kwh street 

railways (mid-Atlantic) 

% kwh mid-

Atlantic 

Passengers 

(mid-Atlantic) 

% passengers  

(mid-Atlantic) 

1927 9,389,597,006 3,596,286,186 38% 5,707,319,536 38% 

1922 12,405,052,635 3,582,760,388 29% 5,466,020,707 36% 

1917 12,187,850,831 3,305,150,097 27% 5,027,469,984 35% 

1912 9,020,017,789 2,717,965,936 30% 4,125,221,246 34% 

1907 6,009,130,100 2,015,156,289 34% 3,512,933,679 37% 

1902 2,651,484,397 992,237,709 37% 2,331,783,405 40% 

 

 The decrease in street railways at the end of this period should not distract us 

from the significant social consequences of these technologies.  The development of 

street railway companies had major effects on the shape of mid-Atlantic cities and the 

daily lives of their residents.  Streetcars significantly expanded the physical parameters of 

the city, altering where people lived, worked, and shopped.  In addition, streetcar 

companies often brought electricity to new parts of cities and competed with utilities to 

provide electrical service, particularly in the early years of the twentieth century.   

 Streetcars also contributed to the development of the mineral economy in the mid-

Atlantic.  First, streetcars required large amounts of mineral energy for power.  In 1925, 

Pennsylvania’s street railway companies used 921,062,435 kwh of power—the energy 

equivalent of 519,698 tons of coal.
35

  Given that New York used nearly twice as much 

energy transporting passengers and New Jersey consumed an additional several hundred 
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thousand kilowatt-hours, the mid-Atlantic likely burned more than a million and a 

half tons of coal per year simply to move its urban populations between home, work, and 

stores.
36

    

 Using mineral energy for everyday travel was not simply significant for its total 

levels of fossil fuel consumption.  This new behavior was a mineral-based response to an 

unintended consequence of the mineral economy.  The transport of coal, oil, and 

electricity enabled the concentration of people and industries in urban cores.  As 

populations expanded to hundreds of thousands and then millions of residents, this urban 

growth created new problems; namely, how to get people to and from the places they 

would live and work.  The solution to the problem was characteristic of the mineral 

economy: use fossil fuel energy to power streetcars.  In other words, fossil fuels were 

used to solve a problem created by fossil fuels in the first place.    

 

Industrial Power 

 Industries consumed the greatest amounts of electricity between 1900 and 1930, 

increasing their use at a dramatic rate.  At the turn of the century, only about 20 percent 

of all electrical production was used for industrial purposes, and much of this was used 

for lighting (Tables 6.1 and 6.3).   By 1927, however, industrial consumers absorbed over 

half of the nation’s electricity, and had increased their use of kilowatt-hours nearly fifty-

                                                
36
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fold in just twenty-five years.
37

  Whereas electric motors accounted for less than 5 

percent of the total horsepower used in industry in 1899, more than 82 percent of 

industrial motors were driven by electricity by 1929.
38

   

 As an industrial power source, electricity replaced existing technologies and 

created new possibilities.  In this capacity, electricity in industry had parallels to its use in 

street railways.  Mineral-based transport systems already existed but streetcars enabled 

safe and efficient travel along city streets.  Similarly, electric lighting and power in 

factories both supplemented existing practices and opened the door for new ones. 

The first industrial uses of electricity simply replaced existing systems.  Electric 

lights provided artificial illumination that was brighter, safer, and more flexible than gas 

lights.  A company could replace its steam engines or water wheels with an electric 

dynamo as well.  With water wheels and steam engines, factories typically used a line-

drive system, a series of shafts and leather belts that ran along the ceiling, to transfer the 

power to each worker’s station.  By replacing a water wheel or steam engine with an 

electric dynamo, organizations could obtain greater control over the output of power, start 

and stop the line drives more easily, and increase the efficiency of their power 

production.  Because factories were accustomed to supplying their own power with water 

and coal, many of them operated their own electrical equipment during the first years of 

the twentieth century.  It was only as central utilities became larger and more reliable that 

factories began to purchase electricity.
39
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Over time, factory operators began to discover that electricity had unique 

features that could be used to change industrial practices.  A key insight was that wires 

could replace the line-drive systems of leather belts and shafts with a unit-drive system 

that placed a motor at each work station.  With the line-drive system, all of a company’s 

work operations had to be laid out in linear paths connected to the overhead belts.  

Moreover, the central steam engine or water wheel had to be in use at all times.  With 

electric power and a unit–drive system, each work station could be powered by its own 

motor, which could be turned on and off as needed.  Moreover, wires could transfer 

power to any site in the factory, freeing operators to organize production according to the 

flow of parts, not just the delivery of power.  In other words, the distinctive features of 

electric power were a crucial precondition for the widespread adoption of the assembly 

line and the implementation of Tayloristic schemes.
40

   

Electric power was not adopted by all industries at the same rate.  New 

enterprises, like automobile manufacturers and companies producing electrical 

equipment, were typically rapid adopters of electrical power.  Industries including 

baking, ready-made clothing, printing, and machine tooling quickly converted to 

electrical power as their main source of supply as well.  Mature industries that had large 

investments in previous power systems—particularly flour milling, sugar processing and 

refining, and the lumber industry—were often slower to transition because of their sunk 

costs.  However, even organizations like manufactured gas companies and coke 
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manufacturers with significant investments in coal technology were using large 

amounts of electrical power by 1930.
41

   

Electricity could be used for more than simply providing power to machinery.  

For example, precision machinery such as electrolytic ovens with thermostats made it 

much easier to maintain a furnace at the right temperature for forging metal.  Electricity 

could also be used to create new materials.  For example, aluminum was considered a 

more valuable metal than gold or silver in the mid-nineteenth century before it was 

discovered that it could be generated in significant quantities through electrolysis.  As 

discussed in the previous chapter, the Pennsylvania Water & Power Company created a 

subsidiary to produce ferro-silicon, an important material for steel-making, as a way to 

profit from unused electrical current.  The amount of industrial electricity devoted to 

materials conversion increased from 10 percent in 1900 to 17 percent by 1929 (Table 

6.3). 

The relative safety and flexibility of electrical power encouraged its use in mining 

operations.  Underground coal mines, despite being the basis of the mid-Atlantic’s 

mineral economy, were dangerous places to use coal and oil because they could lead to 

explosions of accumulated gas.  Electricity, by contrast, offered a safer way to deliver 
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power to miners.  Operators of mining enterprises used electricity to replace steam for 

the pumps that drew water out of the mines, supplement human muscles and dynamite 

with electric drills, and substitute electric motors for the mule teams that had traditionally 

hauled coal to the surface.
42

  Mining enterprises used approximately 15 percent of the 

electricity consumed by industries during this period.
43

  Given the mid-Atlantic’s 

prominent coal and oil industries, this energy was disproportionately consumed in the 

region.   

 The use of electricity in industry was particularly important in the mid-Atlantic.  

This is not surprising, given the fact that the mid-Atlantic’s advantages in obtaining coal 

and oil over the preceding century had established the region as the nation’s primary 

manufacturing area.  With 20 percent of the nation’s population, mid-Atlantic industries 

consumed at least 30 percent of the total electricity used by industries nationwide in 

1927.
44

  In fact, the ratio may be significantly higher.  For the nation as a whole, 

approximately 60 percent of industries purchased their energy from utility companies and 

40 percent of them operated their own dynamos in 1925.
45

  According to the Giant Power 
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Survey, in 1922 only one-third of the electric power used in industry and mines in 

Pennsylvania was purchased from utilities.
46

  Therefore, Pennsylvania industries may 

have produced and consumed significantly more electricity than is recorded by the data 

above.   

 Established industries consumed the largest amounts of electricity in the mid-

Atlantic.  For example, in Pennsylvania, iron and steel industries used huge quantities of 

electricity as did the coke, cement, paper, and glass industries.
47

  Philadelphia also saw 

the rise of new industrial enterprises focusing on electrical products such as the Electric 

Storage Battery Company and Atwater Kent Manufacturing Company.  Industries in 

other cities in the region drew on electricity as well.  Baltimore manufacturers using 

electricity intensively included the metal industry, railroads, shipbuilders, and electrolytic 

works.
48

 

 Industrial uses of electricity contributed significantly to the entrenchment of the 

mineral economy in the mid-Atlantic.  While the region already had a mature industrial 

base by the turn of the twentieth century, electricity reinforced the central place of 

manufacturing by providing a safe and flexible form of energy that could be used to 

rearrange production processes and increase output.  It also gave rise to new industries 

such as aluminum refining.  Abundant aluminum, in turn, was a critical input for other 

emerging industries such as airplane manufacture.  New companies were established to 
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manufacture electrical equipment including streetcars, motors, and domestic 

appliances.  Finally, the fact that electricity could power smaller motors supported the 

growth of small-shop industries like the ready-made clothing industry.
49

  Whereas coal 

and steam engines had encouraged large industrial enterprises, electricity made it much 

easier for smaller enterprises to consumer mineral power sources.   

 The use of electricity by the region’s industries was characteristic of the mineral 

economy.  Once factories started using electricity, their operators almost always 

increased their consumption.  In just thirty years, industries increased their use of 

electricity more than fifty-fold (Table 6.1).  In addition, electricity could be added 

without making other sacrifices—many factories still used coal and fuel oil for power as 

well.   Industrial electrification further committed the mid-Atlantic to a development path 

requiring ever-increasing supplies of fossil fuel energy to maintain.   

 

Domestic Appliances 

 Electrical appliances in the home consumed a small but growing percentage of 

overall electrical use between 1900 and 1930.  The importance of domestic appliances, 

similar to the use of petroleum for making lubricants, went beyond the absolute amount 

of electricity they consumed.  The electricity used in homes during this period was 

relatively minor to begin with, reaching a peak of 7 percent in 1927, and lighting 
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absorbed a significant amount of this total consumption.  However, the expanding use 

of domestic appliances, particularly during the 1920s, created new patterns of energy 

consumption that accelerated the transition to the mineral economy.   

The adoption of domestic appliances occurred at a far slower rate than the use of 

electricity for lighting, street railways, and industrial power.  In part, this reflected the 

gradual electrification of American homes during this period.  Only 8 percent of 

American homes were electrified in 1907.  This increased to 35 percent of homes by 

1920 and 68 percent by 1930.
50

  The mid-Atlantic was not necessarily better off than the 

rest of the country in this regard: there were over 2,000,000 people living in the area 

served by the Philadelphia Electric Company in 1919 but only 102,464 were customers, 

an adoption rate of roughly 35 percent.
51

  In addition, even when homes had electricity, 

the wires were often poorly insulated and incapable of handling a significant load.  

Power-intensive devices like washing machines and refrigerators required home owners 

to improve their wiring infrastructure.
52

  Only small devices such as lamps or irons could 

be plugged into the average residence.  Finally, the low levels of home electrification and 

limited wiring discouraged manufacturers from investing heavily in the mass production 

of domestic appliances for much of this period.  As a result, these technologies were 

often expensive.   
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 A 1921 survey of 1,300 Philadelphia homes reveals the slow adoption rate for 

domestic appliances.  The National Electric Light Association, an industry trade group, 

found that the average home only had an iron and a vacuum cleaner.  Even in the richest 

homes, other appliances were rare.  Only a third had an electric washing machine or fan 

and almost none had electric ranges, refrigerators, or radios.
53

  In the same year, it was 

estimated that there were a grand total of 565 refrigerators installed in New York, 

Philadelphia, Baltimore, and Boston, combined.
54

    

 During the next couple decades, however, the use of domestic appliances 

increased dramatically.  In 1922, 34.3 percent of electrified households had electric 

washing machines and in 1929 the number reached 38.4 percent.
55

  Between 1922 and 

1927, the Philadelphia Electric Company sold about $9,000,000 of appliances, about 40 

percent of total sales in the Philadelphia area.  Consumers purchased 95,761 irons, 54,047 

vacuum cleaners, 21,289 washing machines, 2,377 sewing machines, and 566 

refrigerators.
56

  By 1935, the adoption of irons was nearly universal, while about half of 

American households had vacuum cleaners, washing machines, toasters, and clocks.  

Roughly a third of Americans had refrigerators and percolators, and many owned waffle 

irons, ranges, hot plates, and heaters.
57
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 Domestic appliances consumed about 3 to 4 percent of the nation’s total 

electrical consumption, and about half of the electricity consumed in homes, by 1930.  

Despite this relatively modest number, the beginnings of the widespread adoption of 

domestic appliances during this period would have significant consequences for the 

future.  As people adopted more and more appliances, it significantly increased their 

demand for electricity.  When homes only had lights and an iron, their monthly demand 

was around 30 kwh per month.  Adding a radio usually added another 10 kwh per month, 

a refrigerator more than 22 kwh, while a cooking range could consume 123 kwh and a 

water heater as much as 334 kwh per month.
58

  As domestic appliances became more 

widespread, homes soon became significant sites of electrical consumption.  In 1919, the 

average Baltimore residential consumer used 391 kwh of electricity per year, but this 

increased to 635 kwh in 1930 and 902 kwh by 1937.
59

  In Philadelphia, the average home 

in 1930 consumed 500 kwh per year.  By 1960, domestic electrical consumption had 

skyrocketed to 3,300 kwh per year.
60

   

 The real explosion in use of domestic appliances came during the 1930s, and as 

Ronald Tobey has argued, was the result of New Deal policies rather than the invisible 

hand of the market.  One of Roosevelt’s major platforms was a belief that electrification 

was linked to social progress and that it was the role of government to increase its 

availability to those who did not have service from private utilities.  He implemented 

several programs that helped increase the percentage of Americans with electric service 
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and appliances from 20 percent to 80 percent.  Most of these programs, such as Title I 

of the National Housing Act provided cheap financing that allowed homeowners to 

obtain credit for installing wires and purchasing appliances.
61

  After seeing the success of 

these government programs, Tobey argues that utilities began to see the value of offering 

consumers credit and began implementing similar programs themselves.
62

   

Domestic appliances had significant consequences for home life.  Billed as labor-

saving devices, home economists and other experts hoped these technologies would free 

women from the drudgery of the home.  As the historian Ruth Schwartz Cowan has 

shown, these utopian dreams were never achieved.  Refrigerators, vacuum cleaners, and 

washing machines changed the type of work that middle-class housewives performed, 

and even increased their productivity, but they did not reduce the amount of time spent 

tending the home.  Instead, these new appliances replaced domestic servants for middle-

class women, leaving housewives in charge of tasks that previously occupied several 

workers.  The nature of housework had changed, but it had not disappeared.
63

    

 The intensive use of electricity in the home represented an important shift into the 

mineral economy.  Energy had always been part of home life, whether for cooking, 

chores, or even the manufacture of goods under the putting-out system.  Over the course 

of the nineteenth century, fossil fuels had come to replace organic energy sources for 

much of the mid-Atlantic’s heating, cooking, and lighting needs.  However, almost all the 

labor in the home required the power of human muscles before the introduction of 
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electric appliances.  The adoption of irons, vacuums, washers, stoves, sewing 

machines, and other appliances marked the first time that mineral sources of energy were 

used to provide mechanical power in the home.  And characteristic of the mineral 

economy, consumption of electricity in the home increased dramatically over the course 

of the twentieth century.  By 1950, residential consumption had increased to 25 percent 

of the nation’s electrical use and by 1986, as much electricity was being used in the home 

as in industries.
64

    

 This shift was amplified by the use of electricity in leisure activities.  In an 

organic economy, where labor was typically the product of one’s own muscles, leisure 

was often characterized by the absence of energy expenditure.
65

  The application of 

electricity to radios, movie projectors, phonographs, and even amusement parks changed 

this logic.  The use of mechanical energy did not require personal exertion and therefore 

encouraged the development of leisure technologies.  Like domestic appliances, 

technologies such as radios significantly expanded how and where mid-Atlantic residents 

used fossil fuel energy.  Electricity helped extend the mineral economy into home and 

leisure life as well as industrial practices.   

 

 

 Collectively, the consumption of electricity in all domains by mid-Atlantic 

residents broke the organic economy’s relationships between land and energy.  For 

example, in 1927, Pennsylvania produced 11,870 million kwh of electricity—more than 
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10 percent of the nation’s total.
66

  Over 85 percent of this energy (about 10,250 

million kwh) was generated by burning fossil fuels.
67

  To replace this energy with 

firewood would have required a dedicated land area of 7,917,000 acres or 12,317 square 

miles, over a quarter of Pennsylvania’s land mass.
68

  Moreover, Pennsylvanians had 

already tapped many of the state’s most promising hydroelectric sites and there was little 

technology in place to transform other forms of solar energy into electricity.  There were 

no other organic sources of energy capable of meeting Pennsylvania’s recently acquired 

energy needs.   

 While it would have been possible to set aside land for trees that would be burnt 

to produce electricity, it would have required Pennsylvanians to face trade-offs 

characteristic of the organic economy.  Electricity was only 11.5 percent, or less than 

one-eighth, of the nation’s total energy supply in 1929.
69

  Electricity replaced some uses 

of energy, such as when electric lights eclipsed kerosene or electric motors were 

substituted for steam engines in manufacturing, but it only made a small dent in other 

categories such as heating, cooking, and railroad transportation.
70

  In other words, 
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Pennsylvania’s electrical consumption would have required more than a quarter of its 

land area—along with its best water-power sites—but provided less than an eighth of the 

total energy supply.
71

  This was impossible in an organic economy.  By 1930, the use of 

electricity in Pennsylvania had pushed the state further into the mineral economy.     

 

Conclusions 

Winners and Losers 

 Electricity produced a number of costs and benefits for mid-Atlantic residents but 

these were not distributed equally.  Similar to the energy landscapes of coal and oil, city 

residents enjoyed the majority of benefits while those in rural areas experienced the bulk 

of the costs, mostly in the form of environmental degradation.   

City residents benefited the most from electrification.  All the major classes of 

electric consumption—lighting, street railways, industrial power, and domestic 

appliances—were commonly used by urbanites.  It was typical for a city resident in the 

late 1920s to wake up, turn on a light, ride a streetcar to work, use an electrically driven 

machine at work, and listen to a radio at night.  Given the wide variety of uses of 

electricity in cities, it is no surprise that consumption was highest in urban locations.  For 

example, in 1917, people living in cities with more than 200,000 residents consumed 59.1 
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percent of the energy used in lighting and 52.0 percent of the energy used for power 

that was sold by utilities while representing only 30 percent of the population.
72

 

The electrification of urban transport, in turn, promoted the development of 

suburban living.  On the whole, those living in suburbs experienced most of the effects of 

electrification in a manner that was similar to those in the city core.  Because suburbs 

were generally created along the paths of electric railway companies, most suburbanites 

had easy access to electrical service for home lighting and personal transport.  Because 

services like commercial laundries were less often available in suburbs than in the city 

core, suburban residents were more likely to use domestic appliances such as electric 

washing machines.
73

  By contrast, because there were fewer industries in the suburbs, 

much less electricity was used for manufacturing in these locations.   

Within cities and suburbs, socio-economic divisions structured the allocation of 

benefits.  Middle-class residents may have derived the greatest benefits from 

electrification.  This group was most likely to use streetcars to move to the suburbs and 

escape the congestion and pollution of the urban core.  In addition, middle-class residents 

relied more heavily on domestic appliances than the wealthy who had greater access to 

servants or the poor who could not afford them.  The electrification of the factory may 

have benefited all by providing better light and a quieter and safer place to work, but 

most of the financial benefits were returned to the wealthy managers and stockholders.  

Lower-class residents saw few benefits from electrification.  In fact, by being stranded in 

the urban core without middle-class residents to share the tax burden and help advocate 
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for improved city services, electrification may have left many lower-class urbanites 

worse off.    

Electricity outside of cities and suburbs, by contrast, was a rarity before the New 

Deal programs of the 1930s.  In 1925, for example, less than 12 percent of Pennsylvania 

farms had access to electricity.
74

  Even when electricity was available on the farm, it did 

not make a big impact on agricultural practices.  Except for the widespread use of 

electricity for irrigation in the western United States, farmers rarely chose to electrify 

their operations.  Although investors developed electric machines for hoisting hay, 

grinding feed, sharpening tools, or incubating eggs, these were not commonly used.  

Even in the rare cases when transmission wires reached farms, most rural residents chose 

to use electricity for lighting and domestic appliances rather than agricultural production.  

The first purchases usually mirrored what city dwellers bought: lights, irons, and radios.
75

  

When farmers chose to invest in energy technology, gasoline-powered vehicles were a 

much more common choice.  Given that it was estimated that 50 percent of farm work 

was in the fields (mostly plowing) and 22 percent was for hauling, vehicles were a more 

compelling choice for most farmers.
76

  Thus, electrification may have made life on the 

farm a little more comfortable but it did little to revolutionize agricultural practices 

during this time period.   

Rural residents benefited the least from electrification and also paid many of the 

environmental costs.  For example, the development of the Holtwood Dam ruined the 
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local fishing industry.  The extraction of coal, which provided most of the region’s 

electricity, contributed to the environmental degradation of the anthracite and bituminous 

coal regions.  For cities, the environmental record was more mixed.  Although urban 

generating stations emitted a fair amount of smoke, they replaced the need for many 

organizations to operate their own steam engines.  Therefore, urban generating stations 

may have lowered the overall amount of smoke pollution in cities.   

   In the end, the distribution of costs and benefits of coal, oil, and electricity 

showed remarkable similarities.  The transport of cheap and abundant energy to cities 

provided urban residents with access to cheap and abundant heat, power, and light 

thereby creating opportunities for wealth, industrial growth, and labor saving devices.  

Rural residents rarely had comparable access to mineral energy sources.  Moreover, those 

living in the rural sites of energy production typically faced most of the environmental 

costs while receiving relatively few of the benefits.  Electrification reflected and 

reinforced these unequal distributions of costs and benefits of the mid-Atlantic’s mineral 

energy practices.  

 

Creating Dependence 

 The transport and consumption of electricity contributed to the mid-Atlantic’s 

dependence on fossil fuel energy.  When it was first introduced, homeowners, store 

managers, and factory operators could choose whether or not they wanted to adopt 

electricity for heat, light, and power.  By 1930, however, powerful structural forces made 

it difficult for people to live without electricity.  Factories, stores, urban transport 
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systems, and homes all needed continually increasing supplies of electricity to 

maintain their operations.   

 In the factory, electricity provided a myriad of benefits that ensured its ongoing 

consumption for manufacturing purposes.  First, electricity was an efficient form of 

power that lowered costs because motors could be started and stopped quickly, versus 

steam engines that needed to be operated continually.  Second, the fact that electricity 

could be delivered to small motors throughout the factory floor gave rise to new 

manufacturing processes such as assembly lines that further cut costs and increased 

output.  Finally, a whole host of industries were predicated on the use of electricity.  

Manufacturers of metals such as aluminum and ferro-silicon required huge inputs of 

electricity.  In addition, many smaller enterprises found that electric motors in devices 

such as sewing machines and power tools provided a form of energy that was much more 

practical than large steam engines.   

 In the context of a profit-seeking economy, the idea of abandoning the benefits of 

electric power for industrial purposes is difficult to imagine.  Such a decision would have 

put most enterprises at a significant economic disadvantage vis-à-vis their competitors.  

For industries that could not effectively use alternative energy sources—like aluminum 

refining—it would have meant going out of business.  Using electricity did not guarantee 

a firm’s success, but its absence in most industries would have been an economic 

liability.
77

  Not only would it have been illogical for factory operators to abandon 
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electricity, it would have been illegal.  Corporate boards were required to maximize 

shareholder value, preventing them from making such a decision if it would hurt the 

company’s economic prospects.  Overwhelming economic and legal pressures, therefore, 

provided powerful incentives for manufacturers to continue using electrical power.   

 The same logic shaped the choices of store owners.  Electric lighting was an 

important part of advertising and technologies such as elevators and fans made stores 

more desirable places to shop.  Electricity, therefore, could provide an enterprise with a 

competitive advantage.  Once one store began to use electricity, competitive dynamics 

provided steady pressure for other store owners to use electricity lest they get left behind.   

 Streetcars provide another clear example of the ways that mid-Atlantic residents 

became dependent on electricity to maintain their way of life.  Electric streetcars made 

suburban living practical for large numbers of people.  Once people moved to the 

suburbs, they no longer necessarily lived within a couple miles of work locations and 

stores.  For many suburban residents, it was impractical to use their muscles for everyday 

transport needs.  Instead, they became dependent on mineral sources of energy for daily 

travel to and from home, work, and stores.  At first, electric streetcars provided this 

service, although automobiles became the preferred mode of personal transport beginning 

in earnest in the 1920s and 1930s.   

Many hoped that suburban living would lead to a revitalization of republicanism, 

typified by the independent farmer.  However, suburban living was anything but 

independent.  Once in suburbs, people required mineral energy sources for daily 
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transport.  Moreover, they also came to depend on electrical appliances in the home to 

supplement services that were no longer available.  For example, those living in the urban 

core could send clothes to commercial laundries, but in the suburbs it was much more 

common to use electric washing machines in the home.  In addition, because suburban 

houses tended to be larger and were less often attached to other buildings, they required 

more energy to heat (and later cool, when air conditioning became common).  As a result, 

suburban homes perpetuated a lifestyle requiring significant amounts of fossil fuel energy 

to maintain.   

In the home, electricity helped give rise to new social and cultural practices that 

encouraged continually increasing energy consumption.  The small motors in domestic 

appliances made it practical for people to use fossil fuels for tasks requiring mechanical 

energy such as cleaning.  A similar shift occurred in leisure practices.  Beginning with the 

amusement parks at the end of streetcar lines and continuing with the development of 

movie projectors and radios, entertainment increasingly involved the use of fossil fuel 

energy.  In other words, using more electricity in the home was linked to saving one’s 

own labor, if not time, enjoying a greater range of leisure opportunities and a higher 

standard of living.  Relinquishing these benefits would have made little sense to most 

homeowners.  Actual events reflect the logic of ever-increasing consumption—home 

residents in Philadelphia increased their consumption of electricity more than six-fold 

between 1930 and 1960.
78

 

By 1930, a typical mid-Atlantic resident living in an urban or suburban area was 

likely to consume fossil fuel energy working, traveling, maintaining a household, and 
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relaxing.  For those living in mid-Atlantic cities, there were almost no remaining 

vestiges of the organic economy constraining their actions.  Cheap and abundant 

electricity, transmitted to homes, stores, and factories, had become a necessary part of 

life.  
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Conclusion 

 

 

By 1930, the mid-Atlantic had developed a full-fledged mineral economy.  Fossil 

fuels provided the large majority of the region’s energy needs, not organic sources like 

muscles and wood.  Canals, pipelines, and wires had transformed urban locations, which 

had been energy-scarce in an organic economy, into sites of energy super-abundance.  A 

rural and commercial society a century before, the mid-Atlantic was now an urban and 

industrial superpower.  The negative feedback loops of the organic economy had given 

way to synergistic relationships between fossil fuels and continual economic growth.   

 The creation of new energy landscapes structured how, when, and where these 

changes happened.  Without canals, pipelines, or wires, the development of an energy-

intensive society would have required people to move to the anthracite regions, the oil 

regions, or the banks of rivers like the Susquehanna.  Such a development path was 

theoretically possible.  Pittsburgh, for example, developed as an important industrial 

setting based largely on the cheap and easy availability of bituminous coal and river 

transport.  However, while Pittsburgh was connected to mid-Western and southern 

markets via the Ohio and Mississippi rivers, most of the areas where anthracite coal, 

petroleum, and hydroelectric power could be found lacked comparable transport 

facilities.
1
  These locations offered abundant energy, but little else.  It is not clear that 

these rural regions could support have supported the patterns of synergistic growth 

between among residents, workers, and markets that characterized the growth of New 

York, Philadelphia, and Baltimore between 1820 and 1930.        

                                                
1
 As discussed in Chapter 5, transportation along the Susquehanna River was severely limited by the heavy 

falls along the river’s last 35 miles.   
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As we know, canals, pipelines, and wires were built, resulting in the particular 

development patterns described throughout this work.  By transporting coal, oil, and 

electricity long distances, these energy landscapes created one of the most salient features 

of the contemporary world: the geographic separation of energy production from its 

consumption.  Americans are so accustomed to cheap and abundant fossil fuel energy 

available at almost any time and place that we forget this is neither a natural nor 

inevitable feature of the world.  The need for energy, however, is not just an ideology or 

assumption; it is literally a concrete fact of our living patterns.  The nation’s built 

environment—large homes in the suburbs, an extensive road and highway system, 

sprawling cities—can only function with energy inputs from far away.  The energy 

landscapes of the mineral economy are as important today as they were in the mid-

Atlantic between 1820 and 1930.    

 

Reflections on Coal Canals, Oil Pipelines, and Electricity Transmission Wires 

 Looking back on the history of canals, pipelines, and wires in the mid-Atlantic, 

we can discern several patterns.  First, there were differences within each class of 

technologies, based on who owned them, how they were operated, and where they were 

built.  While they all contributed to the development of a mineral economy in the mid-

Atlantic, their effects were not linear, nor were the benefits and costs distributed equally.  

For example, the transmission wires from the Holtwood dam transported cheap energy to 

Baltimore but not to Philadelphia, thereby supporting the former city’s industrial growth.  

Standard Oil used its control over transport infrastructure to achieve a near-monopoly 

position in the petroleum industry thereby funneling large amounts of profit into the 
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hands of a very small group of investors.  The Schuylkill Navigation Company lacked 

corporate privileges to mine coal as well as to ship it, thereby leading to a different 

pattern of development in the Schuylkill Valley than the Lehigh or Wyoming coal 

regions.   

Moreover, the social impacts of canals, pipelines, and wires could change after 

they were built.  When the Tide-Water Company reached an agreement to operate 

cooperatively with Standard Oil, the ramifications of the pipeline shifted.  It still shipped 

oil from western Pennsylvania towards the east coast, but the pipeline was no longer part 

of an attack on Standard Oil’s monopoly.  The pipeline ceased to be a radical technology 

capable of altering the industry structure.  Instead, it became a conservative investment 

preserving the power of a limited group.  Thus, the ownership and operation of these 

technologies mattered as much as their physical capabilities. 

 There were also differences between these classes of technologies.  Infrastructure 

systems can be distributive (where there is a one-way flow outwards from a central point 

towards many endpoints), accumulative (where the flow is one-way from many points 

towards a central location), and communicative (where flow can happen in many 

directions and along many points).  Electricity, water, and radio are examples of 

distributive systems, sewage and garbage collection are accumulative systems, and 

telephone wires and highways are communicative systems.
2
  Canals best fit the model of 

communicative technologies, as they permit the flow of many goods in two directions.  

Pipelines and wires are both distributive systems, although there were important 

technological differences between the two.  Electricity transmission wires offered a much 

                                                
2
 Daniel Jonsson, "Sustainable Infrasystem Synergies: A Conceptual Framework," Journal of Urban 

Technology 7, no. 3 (2000).  My thanks to Arne Kaijser for introducing me to Jonsson’s ideas. 
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greater potential for a two-way flow of power and to provide service to places along 

the path of the wire.
3
  Pipelines, by contrast, have a unidirectional flow and rarely deliver 

oil to places along their path.
4
   

These technical features of energy landscapes structured regional development.  

For example, canals supported a thriving iron trade along their paths because they 

facilitated the cheap transport of raw materials to forges and finished products to markets.  

Electricity transmission wires allowed for a similar possibility, as potential users along 

the paths of wires could access the wire through a small substation that transformed the 

electricity to a safe voltage.  However, even though some transmission wires operated 

this way, particularly in California, this does not seem to have been a common practice in 

the mid-Atlantic.
5
  Therefore, electricity transmission wires in the mid-Atlantic do not 

seem to have greatly benefited those living along their paths.  The same is true for oil 

pipelines; I have seen no evidence that significant quantities of oil were delivered 

anywhere along the line, and it is likely that these technologies did not stimulate the 

growth of the regions between their endpoints. 

State and federal governments played important, although not primary, roles in 

the development of energy transport infrastructure.  Most of the capital came from private 

investors—the Pennsylvania State canal system is the one exception—but government 

                                                
3
 Many transmission wires were built with the explicit intention of sharing electricity between utilities 

when their peak loads occurred at different times.  This was also true for the wires between the Holtwood 

Dam and Baltimore.  While most of the electricity went from Holtwood to Baltimore, the steam stations in 

Baltimore sent power to Holtwood at times of low river flow.   
4
 Reversing the flow of oil along a pipeline required building new pumping stations, a significant capital 

investment.  In practice, I have found no evidence that this ever occurred during the time period of this 

study.   
5
 This was much more common in California, where farmers in the central regions of the state were able to 

get electricity to use in irrigation from the transmission wires connecting the hydroelectric dams in the 

Sierra Nevada Mountains with San Francisco and Los Angeles.  Nye, Electrifying America: Social 

Meanings of a New Technology, 1880-1940, 292-93. 
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decisions structured the development of these technologies and their operations.  

Land rights were particularly important for developers of infrastructure.  By granting the 

rights to develop the Lehigh River to Josiah White and Erskine Hazard, the Pennsylvania 

Legislature facilitated the development of the Lehigh Canal.  By refusing to grant 

eminent domain privileges to oil pipelines until after the completion of the Standard Oil 

network, the same body made it more difficult for entrepreneurs to develop pipelines.  

Electricity companies also sought, but failed, to receive eminent domain privileges for 

transmission lines during the 1910s.   

The role of government was by no means limited to land rights, however.  

Government agencies encouraged energy consumption by sponsoring experiments with 

new energy sources (such as the Navy’s testing of petroleum as a fuel oil in 1862) or 

facilitating the development of more efficient networks (by funding the Superpower 

Survey in 1919).  They gave energy organizations special privileges that made it easier to 

acquire capital or enter the trade (such as corporate privileges for iron forges using 

anthracite coal in Pennsylvania).  At various times the federal government protected 

domestic energy industries by raising tariffs on imported energy sources.  And while 

regulation was heavily resisted by many energy companies, it was associated with a 

number of privileges such as monopoly rights for electric utilities.  Collectively, the 

myriad decisions of government agencies facilitated the development and dispersion of 

new energy practices.   

Another pattern that emerges from this study is that the first efforts to implement 

transport infrastructure usually ended up being financial failures.  By Josiah White’s 

count, there were at least seven different acts passed to improve the Lehigh River before 
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