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Abstract
This study examines two underground distribution systems introduced into cities and other
communities during and after the American Civil War by Lockport, New York inventorentrepreneur Birdsill (or Birdsall) Holly. His direct pressure water supply system, first installed
in Lockport in 1863, used pressure regulated pumps driven by steam engines or water turbines
to maintain a constant water pressure for fire fighting and domestic purposes, allowing firemen
to fight fires without reservoirs, standpipes, and steam- or hand-powered fire engines. Holly
water systems significantly reduced fire losses and insurance premiums, was eventually installed
in over 2,000 cities, and is now the principal method of water supply.
Holly next invented a system of district heating using steam from a central station to heat
a number of other buildings. The first was installed in Lockport in 1877, allowing individual
building owners and consumers to abandon coal and wood. Steam was delivered through a
network of underground steam pipes and measured with individual meters, similar to
manufactured illuminating gas. A brief history of heating technology, fuels, and environmental
factors provides background to Holly's steam system, by which he intended to provide universal
and multipurpose service, including power, heating, cooking and other domestic functions, plus
fire suppression and snow melting.
At least twenty Holly steam systems were operating prior to the start of service by the
New York Steam Company in early 1882, including the oldest continuously operating system in
Denver, Colorado.

Steam companies were also formed in Auburn and Troy, New York,

Springfield and Lynn, Massachusetts, Detroit, Milwaukee, Belleville, Illinois, Dubuque and
Burlington, Iowa, Hartford and New Haven, Connecticut.
District heating encountered many economic, technical, environmental, and political
obstacles in its first decade of service. Institutions adopted district heating very quickly, while
commercial steam enterprises suffered from poor metering technology and an unsophisticated
economic understanding of total heating and environmental costs.
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Oddly enough, [district heating in New York City] seems to have engendered few imitators.
Arthur H. Cole, 1968
During 1879, Haupt also examined a unique heating system developed by the Holly Steam Combination
Company of Lockport, New York .... Unfortunately, nobody reaped large benefits from the system, for it
was never introduced.
James A. Ward, 1973
The Holly Steam Combination Company was started and a new boiler obtained. Later the Steam Heating
and Power Company of New York was launched to become what appears to be the second district heating
scheme in the world.
A. Ernest Haseler, 1977

In 1871 Holly introduced at Dunkirk, New York, the first of what became known in this country as a directpressure water pumping system.
Louis Hunter, 1985
"Central plant" or "district" heating, as it's called, dated back to 1877 when Birdsill Holly, distinctly minor
Lockport, N, Y. visionary, risked blowing up his home to prove that several buildings could be heated more
cheaply by one large centrally-located boiler. Mr. Holly constructed the large boiler in his house, although
historians don't reveal exactly where.
The Wall Street Journal, 1973 1

Introduction

Shortly after the opening of the Centennial Exposition in Philadelphia in 1876, inventorentrepreneur Birdsill Holly (Figure 1) installed a boiler in the basement of his house at 3 Chestnut
Street in Lockport, New York and conducted experiments on the distribution of steam through
underground pipes. Holly, already well known for his direct pressure water supply system, dug
a serpentine trench through his and a neighbor's backyard with the help of his longtime
employee, John Walsh. In the trench they buried about 500 feet of insulated one-inch pipe to
demonstrate that steam could pass through the pipe and return to his house to heat a radiator.
Satisfied with the results, Holly then installed a pipe to supply steam to the nearby home of
Samuel Works, proprietor of a Lockport tannery and former New York State Senator (Figure 2).
After successfully warming Works' residence, Holly wrote a book describing his plan to heat
cities and villages with steam from a central station, raised $25,000 from Lockport businessmen,

IArthur H. Cole, "Underground Social Capital," Business Hist01y Review 42 (Winter 1968): 489; James A.
Ward, That Man Haupt: A Biography of Hennan Haupt (Baton Rouge: LSU Press, 1977), 213; Alfred Ernest
Haseler, Dishict Heating: An Annotated Bibliography (Croydon: Property Services Agency, 1977), ix; Louis
Hunter, Steam Power, vol. 2 of A History of lndushial Power in the United States, 1780-1930 (Charlottesville:
University Press of Virginia, 1985), 561; Urban C. Lehner, "Many Steam-Heat Companies Bemoan Loss of
Customers, New Air Standards," 171e Wall Street Journal, 10 January 1973.
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and in January 1877 formed the Holly Steam
Combination Company, Ltd. to market the
new

Holly

system.

patented

his

improvements and installed a prototype
system to serve a portion of Lockport.2
By March 1878, forty customers were
connected and gave Holly high praise for his
wonderful invention. The company, spurred
on by success in a four
infringement

case

that

year patent

upheld

Holly's

waterworks patent, began marketing the
system.
that

Five more systems were installed

summer

and Lockport

was

soon

inundated by visitors from around the country
and world eager to learn about the system.
Within a short time, businessmen in every
major American city (excepting only tropical

Figure 1 - Bird sill Holly. Source: Bulletin of
the National District Heating Association, 29
(October 1943).

New Orleans), several Canadian cities, and scores of smaller communities had investigated
Holly's steam supply system. By 1881 fifteen commercial steam supply systems were operating
with as many more in institutional or planned communities.
District heating systems have provided substantial economic and environmental advantages
since the 1870s, and heating companies have operated since 1877 (the oldest, in Denver,
Colorado, has operated continuously since 5 November 1880).

In Denmark, for instance,

extensive district systems provide nearly half of the country's heating needs and Ulan Bator's
district heating plant provides the only from refuge the Mongolian winter . In the United States
every major university, thousands of other commercial, industrial, and business complexes, and
many central business districts are warmed by district heat, yet historical accounts of this

2 "History

of District Heating, " ADSCO Advocate 1 ((1927)), 1:5-6; 2:5-6; 3:6-7.
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Figure 2 - Map of Birdsill Holly's first district heating system. Source: "History of District Heating,"
ADSCO Advocate 1 [1927] 2:5.

technology and business are almost nonexistent.

The quotations leading this introduction

demonstrate the need for this study, as the first four are incorrect and the fifth may bear
reconsideration.

District heating has always had two fixed historical reference points: Its

introduction into Lockport in 1877 and New York City in 1882, both widely known from Fifty

Years of New York Steam Service, a 1932 corporate history that has served, for better or worse,
as the basic (and almost only) source of district heating history. The object of this study is
twofold: to research the background of the first system in Lockport, and to fill in the historical
record between 1877 and 1882. Further research will bring this account to the present day. 3
Unlike early gas and electric illuminating companies, Holly began his enterprise fully
intending to supply multiple services from a single central plant. Heating, although paramount,
was only one of the services provided by Holly's system, whose steam could also power
elevators, pumps, and fire engines as well as the new electric light generators, plus cook a wide

3 "District Heating Development in Denmark 1991," District Heating/Fermvlirme 22 (Jan/Feb 1993) 43-44;
Wall Street Journal, 16 March 1993; New York Steam Corporation, Fifty Years of New York Steam Service
(New York: New York Steam Corporation, 1932).
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variety of food, heat water, dry clothes, melt ice and snow, and even extinguish fires. All of
these services found receptive markets in the late 1870s and 1880s, but steam could not provide
illumination directly (despite Thomas Edison's attempts to do so in early 1878) and the business
of steam supply had to complement the illuminating services offered by manufactured gas or
electric companies, both of which also used central station steam boilers. Unfortunately, new gas
furnaces and engines made manufactured gas a competitor, and only two manufactured gas
companies are known to have added steam supply to their gas services. The reverse situation was
also attempted, as several steam heat and power companies attempted to add manufactured gas
service for illumination, but without much success. Providing steam power for the many new
electric light companies proved a more profitable undertaking and numerous examples of this can
be found .
The first two chapters of this study survey the development of heating technology up to
the beginning of the nineteenth century as well as the fuel, environmental, and technical factors
that shaped the steam and hot water system marketplace during the nineteenth century, including
several early attempts to heat multiple buildings from a central point. Chapter three examines
in detail the direct pressure water supply system also invented and marketed by Birdsill Holly,
which was a direct technical and commercial predecessor to district heating. The installation of
the first commercial district heating system in Lockport is the subject of chapter four, while
chapter five covers systems installed the following year in Detroit, Auburn, and Springfield,
Massachusetts, Garden City, and the Dayton Soldiers' Home. The politics of steam franchises,
especially in New York City, is the subject of chapter six, which also describes systems installed
during 1879 in Troy, Milwaukee, Dubuque, Belleville, New Haven, and London, Ontario, and
during 1880 in Denver, Hartford, Pullman, Burlington, Iowa, and Lynn, Massachusetts, the last
being the first system to utilize cogeneration as an integral part of the system process. By 1882
district heating had proven itself a reliable and efficient energy delivery system and was widely
accepted by institutions that had to supply heating to multiple buildings. Commercial steam
companies, however, always had to compete against individual building apparatus whose total
costs were not easily comprehensible or comparable.

5

The cold began on January 6, 1709 and lasted in all its rigor until the twenty-fourth. The crops that had
been sown were completely destroyed. So great was the disaster that eggs were twenty-five and thirty sous
a dozen; most of the hens had died of cold, as had the beasts in the stables. When any poultry did survive
the cold, their combs were seen to freeze and fall off. Many birds, ducks, partridges, woodcock, and
blackbirds died and were found on the road and on the thick ice and frequent snow. Oaks, ashes, and other
valley trees split with the cold. Two third of the walnut trees died; a pint of nut oil cost seventeen sous.
Two thirds of the vines died, among them the older ones. No grape harvest was gathered at all in Anjou,
except a very little in a few small cantons ...
Lehoreau, priest of Angers
Much more of the Prosperity of a Winter Country depends on the Plenty and Cheapness of Fuel, than is
generally imagined. In Travelling I have observed, that in those Parts where the Inhabitants can have
neither Wood, nor Coal, nor Turf, but at excessive Prices, the working People live in miserable Hovels,
are ragged and have nothing comfortable about them. But when Fuel is cheap (or when they have the Art
of managing it to Advantage), they are well furnish'd with Necessaries, and have decent Habitation. The
obvious Reason is, that the Working Hours of such People are the profitable Hours, and they who cannot
afford sufficient Fuel have fewer such Hours in the 24, than those who have it cheap and plenty.
Benjamin Franklin, 1785
In France ... where the inhabitants endure much privation from a scarcity of firing, the average height of
a man ... does not exceed 5 feet 4 inches. In the Netherlands fuel is more plentiful and easier procured,
and there the average height rises to 5 feet 6Ys inches, and in England, that has an abundance of coal, within
the reach of the population, the average height is upwards of 5 feet 9 inches.
Robert Meikleham, 18454

Chapter 1: Heating Technology and the Struggle for Warmth

One of the characteristics of pre-modern thought is that human habitation was limited to
a small portion of the earth's surface. The world known to the Greeks stretched from the Pillars
of Hercules to the shores of the Black Sea and from the deserts of northern Africa to the icy lands
of northern Europe. According to Aristotle in the fourth century B.C.E.:
There are only two habitable sectors of the earth's surface, one, in which we live,
towards the upper pole, the other towards the other, that is the south pole. These are the
only habitable regions; for the lands beyond the tropic are uninhabitable, as there the
shadow would not fall towards the north, and we know that the earth ceases to be
habitable before shadows disappear or falls towards the south, while the lands beneath
the Bear are uninhabitable because of the cold.
The limits to this habitable territory were more strictly defined three centuries later by the Greek
geographer Strabo at about 12 o 30' and 52 o 30' north and south latitudes, leaving a narrow
uninhabitable belt at the equator separating two temperate zones. These ideas were among those

4From

a text by the cure Lehoreau, a priest of Angers, quoted in Emmanuel Le Roy Ladurie, Times of
Feast, Times of Famine: a history of climate since the year 1000. (New York: Farrar, Straus and Giroux,
1971), 91; Benjamin Franklin, "Causes and Cures of Smoky Chimneys," Transactions of the American
Philosophical Society, 2 (1786): 1; Walter Beman [Robert Meikleham], On the Art and History of Warming and
Ventilating (London: George Bell, 1845), 1:19.
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"rediscovered" in the Middle Ages and given wide circulation by the new printing press. One
such author, Pierre d' A illy (1350-1420), quoted the Greeks on the habitable and inhabitable zones
in his Imago Mundo, to which Christopher Columbus took exception in a marginal comment:
"The hot zone is not uninhabitable!

The Portuguese sail through it today, finding it well

populated, and have a fort on the equinoctial line itself! " 5
That one element of the Aristotelian paradigm had been disproved did not prevent the
English from retaining their fundamental belief in the Greek KA(p,ca6 or zones based on latitude.
The moderate and superior character of the English was credited to their temperate climate
(especially contrasted with the choleric Spanish), and there was "general agreement that English
people would be healthiest in the temperate climates they were used to," which "was frequently
offered as a reason to concentrate colonization effort on New England and Newfoundland." Most
of the American coast, however, was farther south than England and early colonists were advised
to expect greater heat. As late as 1628 Lord Baltimore established a settlement in Newfoundland,
but moved south after "one intolerable wynter" there, giving the northern lands a reputation for
uninhabitability. Karen Kupperman has shown that the modification of these climatic paradigms
required a "mental adjustment that was both slow and costly in money as well as lives." The
English eventually settled a fairly narrow band from the upper Chesapeake to Boston, where they
managed to survive and eventually prosper, unlike their compatriots who settled in Jamestown
or the Caribbean. 6
The cold in New England was less severe than Newfoundland and Maine, but still
required significant precautions. Of great assistance was an enormous supply of fuel to ward off
the winter chill, enabling "Christmas fires all winter." Advertisements aimed at enticing new
colonists across the Atlantic noted this abundance. A 1629 writer described New England as

5Aristotle, Meteorologica (trans. H. D.P. Lee, Cambridge: Loeb Classical Library, 1952), 362b; Joseph
Jastrow, The Story of Human Error (New York: Appleton, 1936), 95-8.
6Karen 0. Kupperman, "The Puzzle of the American Climate in the Early Colonial Period" American
Hist01ical Review 87 (December 1982): 1262-5; "Fear of Hot Climates in the Anglo-American Colonial
Experience" William and Mary Quarterly, 3d ser., 41 (January 1984): 216; Carville V. Earle "Environment,
Disease, and Mortality in Early Virginia" in 17re Oresapeake in the Seventeenth Centwy, eds. Thad W. Tate
and David L. Ammerman (New York: Norton, 1979), 106; RichardS. Dunn, Sugar and Slaves: the rise of
the planter class in the English West Indies, 1624-1713. (Chapel Hill: University of North Carolina Press,
1972), 40-45, 281-300.
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somewhat cold in the winter, yet here we have plenty of fire to warme us, and that a
great deal cheaper then they sell billets and faggots in London: Nay, all Europe is not
able to afford to make so great fires as New-England. A poore servant here that is to
possesse but 50 acres of land, may afford to give more wood for timber and fire as the
world yields, than many noble men in England can afford to do. Here is good living for
those that love good fires.
Aimed at an audience that had been suffering severe fuel shortages since the reign of Elizabeth
I, the prospect of abundant warmth (not to mention the "poore servant" with but 50 acres of land)
would be tempting indeed. Those who came learned all too soon that it took enormous effort to
transform trees into fuel sufficient against a long winter, especially when labor is scarce and the
growing season short. Some French and English writers even hopefully anticipated climatic
warming, speculating that the effect of "cutting down the woods" combined with the "fires of
people's houses and the warmth radiated by towns and cities" would warm the frigid climate.7
Cast into a foreign and sometimes cold wilderness, English colonists made every attempt
to maintain temperate microclimates within their buildings by the liberal use of fires, a practice
only the wealthy could afford in Britain. Yet despite burning enormous amounts of wood, neither
wealthy peer in country manor nor colonist in humble dwelling enjoyed adequate warmth, as
complaints of bitterly cold buildings can be found even in Louis XIV's palace at Versailles,
where, according to the Princess Palatine, "at the King's table the wine and water froze in the
glasses." Paris in 1709 experienced such severe cold that "people died of cold like flies" and
in the absence of heating "all entertainments have ceased as well as law suits." Inadequate
heating systems were the rule across Europe, but responses differed. The Germans and Russians,
for instance, who lived in a colder climate than the English, simply adapted better to the cold.
The French essayist Montaigne journeyed through Germany and Italy in 1580, finding the former
had "nulle cheminee," with warmth provided by the kitchen stove adjacent to the common dining
room. The kitchen fire was primarily for cooking, however, and he quarreled with his hosts over
using the heat to warm himself. "Even here," he said, "surrounded by mountains and forests,

7Edward Winslow, Good Newesfrom New England (London,

1624), 62, quoted in Kupperman, "The Puzzle
of the American Climate," 1273; Rev. Higgeson, "New England Plantations, or a short and true Description
of the Commodities and Discommodities of that country" (London, 1629; reprinted in Collections of the
Massaclrusetts Historical Society ,for tire year 1792 1st ser., 1 (1792, reprinted 1806): 121-2); Kupperman, "The
Puzzle of the American Climate," 1287.
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where ten thousand feet of fir cost no more than fifty sous, they would not let us make a fire."
On the other hand, "at least you burn neither your boots nor your face and you are free of the
smoke of France. " 8
A number of factors drove the development of heating technology. Foremost were the
requirements for greater efficacy, safety and efficiency, followed by lesser considerations of
convenience and cleanliness. Of great importance was the fact that a single fire, either open in
a fireplace or contained within in a stove, could heat only a limited area. A fire doubled in size,
for instance, could not heat twice the space, resulting in the necessity of having fireplaces or
stoves in every room to be warmed, using portable heaters such as braziers, doing without, or
storing heat in a portable storage device, such as stones, bricks, or hot water bottles.
Maintaining these numerous fires was labor intensive, dirty, and hazardous, so that only the
wealthy could afford the staff and fuel to heat a large building. As was the case with electric
lighting later, early heating engineers and inventors were chiefly concerned with subdividing a
single large energy source into smaller, individually controllable units, so that one fire, whether
in a kitchen, fireplace, or boiler, could heat a number of smaller spaces.
The Greeks and Romans had found small charcoal braziers adequate for the mild
Mediterranean climate, and although the territory of the Roman Empire only reached as far north
as Hadrian's Wall, many settlements required artificial heating systems. The Roman architect
Vitruvius recorded the need to account for the sun's course and the differences in climate when
designing a structure. In a house, for instance,
The baths and winter dining-rooms should look towards the winter setting sun, because
there is need of the evening light. Besides, when the setting sun faces us with its
splendour, it reflects the heat and renders this aspect warmer in the evening.
Spring and autumn dining-rooms, conversely, should
look to the east. For exposed as they are to the light, the full power of the sun moving
to the west renders them temperate at the time when the need to use them is customary.

8Fernand Braude!, The Structures of Everyday Life: the limits of the possible (New York: Harper & Row,
1981), 299; MichelEyquem de Montaigne,Journal de Voyage En ltalie par Ia Suisse et L 'AIIemagne in Oeuvres
Completes (Paris: Pleiade, 1962), 1130, 1151; Cabanes, Moeurs intimes du passe, 1st series, (1958), 46 quoted
in Braude!, 300.
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The summer dining-room, finally, "should have a northern aspect" to avoid solar heat. 9
Another Roman, L. Sergius Orata, is credited with inventing the hyppcaust around 80
B.C.E., a system consisting of a furnace fueled by charcoal or wood "placed under the building
it proposes to heat." The furnace (or two in some cases) "not only heated buildings but the hot
water used there as well." Hypocausts could be applied to heat "a single room, a private house,
a bath or public building or even several establishments (e.g. as much as three temples at
Carnutum)" and were not of a rigid design. Vitruvius used them to heat baths in which he
located the men's and women's baths adjacent, "so that the same furnace and heating system will
serve for both baths and for their fittings." Hypocausts transferred heat directly through floors
and walls as well as by hot air delivered through ducts to rooms above the furnace. They were
also not inexpensive, as R. J. Forbes notes that "in the north the poor lived in their cellars in
winter and only the rich could afford hypocausts." 10
With few exceptions, knowledge and application of the hypocaust disappeared with the
Roman Empire, but similar heating systems were widely used in China in the seventeenth and
eighteenth centuries. European visitors wrote accounts of these Chinese systems that appear to
have been the proximate cause of their reintroduction into Europe.

Robert Meikleham, a

nineteenth century British architect and heating historian, reported in 1845 that the "Jesuit
missionary, Grammont, gives a good account of the methods of heating rooms among the
Chinese." The Chinese kang, according to Grammont, "is a king of stove heated by a furnace,
and varies in its construction." Sir William Chambers (1726-1796) traveled to China as a
teenager and made extensive observations of Chinese culture, including elements of their
architecture.

Chambers later became a prominent London architect and taught architectural

drafting to the future George III. His 1759 Treatise of Civil Architecture refers to a group of ten
townhouses he designed for the Duke of Lienster,

9Vitruvius,

De Architectura (Cambridge: Loeb Classical Library, 1931), 2:35.

10P!iny, Natural History, (Cambridge: Loeb Classical Library, 1930), 9:168; Vitruvius, De Architectura,
1:303; R. J. Forbes, Studies in Ancient Technology (Leiden: E. J. Brill, 1958) 6:36, 54. For an earlier
summary and technical description of hypocausts see [Meikleham], On the History and Art of Wanning and
Ventilating, chapter 3.
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in which a continual heating conduit was carried right through them from a furnace at
one end to a tall chimney at the other. The conduit was twenty-four inches square, built
with hard fire brick and covered with tiles.
Chambers built a tong-kang into the walls of the orangery at Kew Palace in 1751 and also "in
imitation of a Chinese practice, introduced heated air into the house through an air-pipe or flue,
in contact with the heating flues." 11
Hypocausts, "inflexible and wasteful of fuel because they heated the entire mass of the
masonry of floors or walls," would simply not do in the climate of Northern Europe. Structures
there were built with one central fireplace, and to keep warm "everyone from lord and lady to
humblest servant lived and ate together in the great hall, and slept there, too, normally in
curtained compartments." Improvements in chimney and hearth design led to greater flexibility
in fireplace size and location, enabling an unprecedented degree of privacy and, according to
Lynn White, Jr., a "new sense of individuation" in life style, fostering "the individualism of the
later Middle Ages more than all the humanists." Leroy J. Dresbeck adds that chimneys may
have affected the art of love more than the troubadors did, although the Italian gentleman
Octavian seems to have taken good advantage of the former arrangement when as an overnight
guest he would choose a place near one or other of the women of the house "by whom he was
sometimes well received and sometimes got his face scratched." The chimney and later heating
improvements undoubtedly contributed to the disintegration of society and family, for as early
as the 1370s William Langland assessed the chimney bitterly:
Woe is in the hall each day of the week.
There the lord and lady like not to sit.
Now every rich man eats by himself
In a private parlor to be rid of poor men,
Or in a chamber with a chimney,
And leaves the great hall. 12

11

[Meikleham], On the History and Art of Wam1ing and Ventilating, 2: 170-2; Sir William Chambers,
Treatise of Civil Architecture (London: J. Haberkorn, 1759); Chambers, Plans, Elevations, Sections, and
Perspective Views of the Gardens and Buildings at Kew (London: J. Haberkorn, 1763), 3. Other versions of
the kang were the ti-kang, where the flue runs beneath the floor, and the kao-kang, where the flue formed a seat
or bench. The Jesuit Grammont and his account have so far proven elusive. R. J. Forbes suggests that the
Chinese tang was not known in England before 1825, but Chambers was clearly influenced by it.
12
Lynn White, Jr., Medieval Technology and Religion (Berkeley: University of California Press, 1978),
270-1; Leroy J. Dresbeck, "The Chimney and Fireplace: A Study in Technological Development Primarily in
England During the Middle Ages" (Ph.D. Dissertation, University of California, Los Angeles, 1971), 207;
FernandBraudel, The Structures ofEveryday Life, vol. 1 of Civilization and Capitalism 15th-18th Centmy (New
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Although water wheels had been used in Roman times and windmills had been in use
since the tenth century, making power from fire remained elusive. The earliest attempts used
steam pressure to replace water or wind in turning a wheel. Early boilers for this purpose were
often made in the shape of human heads and proved unable to develop significant power, but
were often used as a bellows to force steam and air into a fire. Several fifteenth and sixteenth
century texts mention such devices, and in 1629 Giovanni Branca describes a working steam
turbine, as did Bishop Wilkins in 1648. Sir Hugh Plat (or Platt), a noted Elizabethan lawyer,
writer, and inventor, was perhaps the first to use steam for heating, one of many technical
solutions he proposed to save fuel and reduce smoke. Among his inventions were a "candle of
much less price than our ordinary candles, each of them lasting 120 hours at the least" and "a
new kind of malting, wherein one-half of our usual fire will be saved." He described in 1594
how smokey chimneys could be improved, a year later offered "a pump not weighing twenty
pounds and yet sufficient to deliver five tuns of water in one bower," and in 1603 proposed the
use of "cole-balles" made from seacoal mixed with other ingredients to reduce smoke and
increase fuel efficiency.

These coal-balls would be manufactured by disabled veterans and

orphaned children, reducing the public dole while simultaneously saving "one third of all other
fires in all such shires where any sea coale is usually burnt." "What a yearly summe," he wrote,
"would this amount unto throughout this populous land." 13
Plat, also interested in gardens and flowers, wrote in his 1608 Florces Paradise that he
used "the steam of hot water conveyed by a pipe" to heat his greenhouse, enabling him to have
"flowers in Lent." Plat's steam pipe was "fastened to the cover of a pot, that is kept seething
over some idle fire." Concerned about other forms of beauty as well, his 1602 Delightes for

Ladies described "a delicate stoue to sweat in" using "the steam of the pot" maintained "with a
small charcole fire," which gentlewomen used "for the clearing of their skins" and "clensing of

York: Harper & Row, 1981), 301; William Langland, 17ze Vision of Piers the Plowman: 17ze "Crowley" Text;
or Text B, ed. Walter W. Skeat, Early English Text Society, 38 (London, 1869), passus X, lines 93-98, quoted
in White, Medieval Technology and Religion, 271.
13Lynn White, Jr., Medieval Technology and Social Change (Oxford: Clarendon Press, 1962), 91-3; Sir
Hugh Plat, A discoue1ie of Certaine English wants, which are royally supplied by this treatise. (London: P .
S[hort], 1595), 3.
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their bodies." 14
Plat's use of steam can be seen
clearly in his 1594 Jewell House of Art

and Nature, in which he describes
nearly a hundred "rare and profitable
inventions,"

two

immediate interest.

being

of some

The first is "a

round ball of copper or latten, that will
blow a fire verie stronglie, onely by the
attenuation of water into ayre, which
deuice will also serue to perfume with."
The "round ball of copper" was simply
a boiler, not unlike those mentioned

Figure 3 - Sir Hugh Plat's steam boiler. Source: The
Jewell House of Art and Nature (London: Peter Short,
1594), 25.

above. The sphere (Figure 3) had an
elbow soldered onto it that in turn was connected to a pipe "no bigger than a straw, whose vent
in the ende may not much exceed the bignes of a pinhole." The entire device was well heated,
then "put into a vessel of cold water" allowing the resulting vacuum to "sucke some of the water
unto it." This action was repeated until the sphere was more than half full, then it was set "vpon
a few glowing coles, and you shall finde the same to giue a very strong blast against the fire
which you mean to kindle, directing the nose of these bellowes towards the same." The round
ball "may be made to large as that they will blow one whole houre together, without anie
intermission." A smaller round ball made of silver could be filled with rose water and used to
humidify and perfume a bedchamber. A similar system was proposed to supply steam for
brewing. 15
Plat also described "how to drie gunpowder without danger of fire" with a vessel made
of "lead, pewter, latten, or copper" and having a double bottom, "betweene which bottomes you

14Sir Hugh Plat, Delightes for Ladies (1609;

reprint, Herrin, Illinois: Trovillion Private Press, 1942), 96-7.

15Sir Hugh Plat, The Jewell House of Art and Nature (London: Peter Short, 1594), 25.
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maie conuey scalding water at a pipe, which water may also bee heated in another roome, fore
the more safetie agaynst the fire." The gunpowder was spread out on the upper surface to dry,
and "when the water beginneth to coole,
you may let it out at a cocke in the bottome of the vessell, and so give passage for more
scalding water into the vessel by an other cocke which may be fastened in the pipe that
runneth into the vessell.
Plat's 1594 system demonstrated the fundamental concept of heating by steam or hot water,
complete with remote boiler, pipe, control valve, and terminal heating unit. Although Plat was
knighted by James I in May 1605, he was unable to patent his inventions, which Charles Webster
blames on the Jacobean patent system's "disregard for invention." Without this protection, Plat
was unable or unwilling to develop his inventions and they therefore had little effect on English
heating. One of Plat's contemporaries was Sir Francis Bacon, who as Attorney-General and Lord
Keeper lived quite well from

co~siderations

paid by patent-seekers and others. Bacon himself

ignored heating in both his scientific works and utopian fantasies, placing the Bensalem of New

Atlantis in a mild climate, as Thomas More had done with his Utopia a century earlier. 16
On the continent, technology was more likely to be employed to counteract high fuel
costs, although this was certainly affected by differences in culture such as those described by
Montaigne. In Paris, for instance, heating systems changed dramatically in the late seventeenth
century, when, perhaps influenced by the 1571 De 1hermis ofltalian physician Andrea Bacci or
the reprinting of Vitruvius' De Architectura with its description of hypocausts, the Louvre
boasted a fireplace that utilized hot air to increase the effect of the fire, the basic principle of
hypocaust.

The Louvre system, described in Louis Savot's L 'Architecture

Fran~oise

des

Bastemens Particuliers, was soon adapted by others, including Nicholas Gauger who described
a similar fireplace in his 1713 La Mechanique de Feu. 17

16Ibid., 52; Charles Webster, 111e Great Jnstauration: Science, Medicine and Reform 1626-1660 (London:
Duckworth, 1975), 344.
17Claude Perrault, Les dix livres d'architecture de Vitruve (Paris: J. B. Coignard, 1673); Louis Savot,
L 'Architecture Franfoise de Bastemens Particuliers (Paris, 1683); Nicholas Gauger, La Mechanique du Feu
(Paris, 1713, English translation 1716), cited in Abraham Wolf, A History of Science, Technology, and
Philosophy in the Eighteenth Century (New York: MacMillan, 1939), 546-52; Both Meikleham in his On the
Art and History of Warming and Ventilation and Charles Tomlinson in his 1853 Cyclopedia of Useful Arts, s.v.
"warming and ventilating" conclude that Gauger was the pseudonym of Cardinal Melchior de Polignac (16611741), but this does not appear to be correct. Both Savot (1569-1640) and Gauger (1680-1730) were physicians,
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By 1720 Paris was suddenly warm: "Since the Regent, we can claim that we manage to
keep warm during the winter," although Fernand Braude) argues that "chimney-sweeps and stovesetters were responsible" for these advances in "caminology," or changes in fireplace and
chimney design. In 1715 a London advertisement offered:
To all persons of quality and others, that desire to have a machine to make rooms much
warmer be they never so large, without the least suffocation as by stoves etc. By this
also the air is circulated and always renew'd etc. Preventing all humidity and effects of
foggs, besides any smoaking of chimneys etc. The first and only one is England was
made for his Grace the Duke of Buckingham, by Williams Stevens, brazier in St. James's
Street, where may be had the true Demensions of any sort by him, or by Mr. Riley at
his Grace's house in St. James's Park.
Although each of these improved fireplaces used less fuel, total fuel use increased dramatically,
for "having become more efficient, hearths increased astonishingly in number," as had been
foreseen by Franz Kessler in his 1618 Holtzsparkunst (translated in 1619 as L 'epargne-bois).
This phenomenon was seen again later with the introduction of efficient coal stoves. By the end
of the eighteenth century Paris had
a new problem in all districts of the town. The roads are cluttered up with thousands of
carts laden with wood, which, as it is thrown down, sawn up and transported, puts all
passers-by in danger of being crushed, bowled over or having their legs broken. The
carters unload roughly and hurriedly, throwing the logs off the top of the cart. The
cobbles resound. Deaf and blind to everything, the men only want to unload their wood
promptly, to the danger of passing heads. Then comes the sawyer, Rlies his saw rapidly
and throws the wood around him, without taking heed of anybody. 8
The beginnings of the great migration to America began against this backdrop. English
colonists, surrounded by vast forests, "burned their wood in open fireplaces, which were four
or five times less efficient than the closed cast-iron stoves of the Pennsylvania Germans." In the
late 1730s Benjamin Franklin made a careful study of existing fireplace and stove technology in
America and Europe, including the enormous advancements in French heating that had occurred
in the previous decades. Franklin absorbed the information and applied the principles to a new
fireplace, intending to eliminate the collective faults of earlier systems. After three winters of

the former serving for a time as physician to Louis XIII and XIV. Polignac and Gauger almost certainly knew
each other, but their heating relationships is not known.
18Braudel, The Structures ofEveryday Life, 300. London Gazette, 20 December 1715, quoted A. F. Dufton,
"Early Application of Engineering to the Warming of Buildings" Proceedings of the Institute of Civil Engineers
(February 1941), 106-7.
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tests "by a great Number of Families in Pennsylvania," he advertised in 1744 the details and
benefits, which included uniform warming of a room, elimination of drafts, energy efficiency,
and promotion of health. As evidence for this last point he offered the recent experience
in the Winters of 1730 and 1735, when the Small-Pox spread in Pennsylvania, that very
few of the Children of the Germans died of that Distemper, in Proportion to those of the
English; which was as crib' d by some to the Warmth and equal Temper of Air in their
Stove-Rooms.
Giving credit to Gauger in particular, Franklin's work covered a much broader scope than
any previous heating literature, examining fuel, comfort, environmental effects, and health in
some detail. His heating work had enormous impact on the field and although considered one
of his minor achievements, had an enormous positive effect on the culture and environment of
Europe and America. Franklin, who certainly qualifies as America's first heating engineer, chose
not to patent his invention, refusing to benefit from a product designed for the general good, and
the market was sufficient for several firms to manufacture it. Perhaps his greatest contribution
was to debunk the English notion that cold houses were both healthy and inevitable, and that
properly applied technology could provide adequate warmth and better health.

Although a

thorough statistical study would be needed to verify the point, recorded complaints about
inadequate heating appear to drop significantly after the appearance of Franklin's stove, indicating
that the literate classes, at least, were able to keep warm. 19
Although many modifications were made to Franklin stoves, largely to make them
patentable or to burn various alternatives fuels , such as coal or corn, they were occasionally used
to heat more than one room. Franklin wrote in 1749 letter:
I have been engaged for years now on the better heating of buildings. With this view I
have arranged a new-invented construction for heating houses in rows. If health
continues I hope to complete this ingenious plan before the end of the year. Nothing
could be more simple than it is. The drawing laid down to scale makes the plan clear.
An iron stove-furnace to be set in a chamber beneath the ground will use as a flue an iron
box-pipe of ten inches across in every way joined in a faucit and laid below the floors
to the clear level. To prevent burning let it be enclosed by brick walls with tile covered
tops to the common level between the wood of the floor and the heat pipe. The smoke
and hot gas is draughted to a common flue by the same size at the far house of the row.

19 William Cronon,

Oranges in the Land: Indians, Colonists, and the Ecology ofNew England (New York:
Hill and Wang, 1983), 120-1; Braude!, The Structures of Evetyday Life, 299; Franklin, Works 2:436, 419-21;
For Franklin's impact on Europe, see for instance the reception of his stove in Italy in Antonio Pace, Benjamin
Franklin and Italy (Philadelphia: American Philosophical Society, 1958), 76-80.
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By experiment I have proved that a good and ample heat could be had in one and all
dwellings and complete confidence may be reposed in such constructions.
Franklin's plan to heat several row houses is quite similar to the one proposed by Chambers a
decade later, but nothing else is known about Franklin's scheme. Many other variations of hot
air systems appeared, eventually evolving into modern residential hot air furnaces and similar,
larger units used in bigger buildings, almost all employing forced ventilation . Limitations on the
use of air as a heat transmission medium were encountered very early and confined air systems
to serve only a single building. Although a handful of schemes promoted the use of hot (and
later cold) air for district thermal supply air, it has never proven viable. Heating several row or
town houses from a single hot air furnace is not strictly district heating, defined as a single
thermal supply system serving multiple and physically separate structures, but it clearly represents
the same functional idea of maximizing use of a single fire. Hot air furnaces and stoves certainly
share many common elements with steam and hot water systems, with the thermal energy to hot
air devices commonly provided by steam or water. Stoves, for instance, became very popular
after the mid-eighteenth century and were the simplest and least expensive to install of the various
heating systems. In September 1797, for instance, Quartermaster General John Wilkins, Jr. sent
twenty stoves for the use of the garrison in Detroit, to "aid in making the soldiers more
comfortable and save firewood." Stoves were designed and built by a many different people,
including Dr. Eliphalet Nott, President of Union College in Schenectady, New York for over six
decades, who "invented a box stove in 1820, with which all the students' rooms in the college
were heated ." By 1871 some 275 foundries engaged in the manufacture of stoves in the United
States, producing 2,200,200 stoves valued at over $37 million. They could heat large buildings,
such as London's St. Johns Church where two Franklin stoves were modified by James Sharp,
who reported in 1781 that "this church is the first stone building, of its kind and size, that has
ever been made comfortably warm by fires." Stoves and fireplaces in large buildings, however,
had many disadvantages that helped create a demand for centralized steam and hot water systems
and, the subject of this work, the development of systems designed to serve more than one
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building.20
After Hugh Plat demonstrated a simple sort of steam
and hot water heating, the next recorded use was not until
the next century. In 1716 Sir Martin Triewald, a Swede
who lived for many years in England,
described a scheme for warming a green-house by
hot water, instead of fermenting vegetable
substances. The water was boiled outside the
building, and then conducted by a pipe into a
chamber formed under the plants.
Colonel William Cook read a paper on 2 May 1745 before
the Royal Society in London on his proposal (Figure 4) for
warming rooms by steam of boiling water:

a

This is an engine for giving a sufficient heat to all
the rooms in the house from the kitchen fire. It
Figure 4 - Colonel William
consists of a copper or boiler of water, on the
Cook's 1745 steam heating
kitchen fire, having a still-head. From the top of
system. Source: Philosophical
this passes a pipe of lead or copper, to convey the
Transactions ofthe Royal Society
hot steam from the boiler, through the several
of London 43 (1745), 370.
rooms, in a very zig-zag manner; being fixed to the
wall or side of the room in the space of the
chimney; the pipe terminating in an opening or exit.
In several parts of the pipe are placed turncocks, either to shut or contract the passage
to adapt the heat more or less according to circumstances.
This same method was suggested a decade later as a method for forcing fruits .21
In 1777, M. Bonnemain built a hot water apparatus to hatch chickens to supply "the
Parisian market with excellent poultry at a period of the year when the farmers had ceased to
supply it." Bonnemain's system consisted of a boiler (R in Figure 5) from which heated water
rose through pipe (G) and descended through pipes (M) passing through hatching chambers (N)

20Quoted in Colin Johnston Robb, "District Heating is not New, Benjamin Franklin devised a plan,"
Bulletin of the National District Heating Association 30 (July 1945): 177; Silas Farmer, History of Detroit and
Wayne County, 3d ed. (New York: Munsell, 1890), 470; Jeremiah Dwyer, "Stoves and Heating Apparatus,"
One Hundred Years ofAmerican Commerce (New York: D. 0. Haynes & Co. , 1895) 2:358; Knight's American
Mechanical Dictionary, s.v. "Stoves." Robb, a consulting architect from DrumhariffLodge, Loughgall, County
Armagh, Northern Ireland, does not cite a date or recipient of Franklin's letter, which does not appear in any
of Franklin's collected works. St. John's church in Pettibone's Economy of Fuel1812.
21
Colonel William Cook, "A Proposal for Warming Rooms by the Steam of boiling Water conveyed in Pipes
along the Walls: And a method or preventing Ships from Leaking, whose Bottoms are eaten by the Worms."
Philosophical Transactions of the Royal Society of London 43 (1745) 370-2. Cook's description is from the
abridged edition of 1809, 9:370; Gentlemen's Magazine (1755).
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Figure 5- Bonnemain's 1777 chicken incubator hot water heater. Source: Andrew Ure, Dictionary of
Arts, Manufactures, and Mines, s.v. "incubation, artificial."

before returning to the boiler. A constant temperature was maintained in the hatching chambers
by a heat regulator invented by Bonnemain, which utilized the differential thermal expansion rates
of two metals to control a valve regulating the amount of combustion air drawn into the boiler.
Andrew Ure, a London physician who wrote extensively on technical matters in the mid-1800s,
met Bonnemain long after his incubator has been destroyed in the revolution and wrote an
extensive article on the incubator and heat regulator in his Dictionary ofArts, the details of which
would
prove that the theory and practice of hot water circulation were as perfectly understood
by M. Bonnemain fifty years ago, as they are by any of our stove doctors of the present
day.
Ure also describes a method of incubator heating with hot mineral waters, an early example of
geothermal heating. 22
In the winter of 1784-5, James Watt, inventor of the separate condenser for the steam
engine, installed a steam radiator to warm his office, consisting of
a box, or heater, made of two side-plates of tinned iron, about 3 1h feet long, by 2 1h feet

22Dictionnaire Technologique, s.v. "incubation artificielle;" Andrew Ure, Dictionary ofArts, Manufactures,
and Mines , s.v. "heat-regulator" and "incubation, artificial."
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wide, kept at a distance of an inch asunder, by means of stays, and joined around the
edges by other tin plates. This box was placed on its edge near the floor of the room,
was furnished by a cock to let out the air, and with a pipe, proceeding from its lower
edge to a boiler in an under apartment, which pipe served to convey the steam, and
return the water of condensation.
Shortly after this, Watt's partner, Matthew Boulton, heated a room in his manufactory by steam
and about 1789 heated the bath in his Soho house by steam. 23
In 1788 a Mr. Wakefield of Liverpool, "with a knowledge of what had been done
elsewhere," made the first attempt to heat a hot house by steam. Three years later John Hoyle,
Jr. of Halifax patented a "new and improved method of communicating heat or warmth to hothouses, green-houses, churches, dwelling-houses, manufactories, and all other buildings, in any
degree required for either or those purposes." Hoyle's system used a boiler located "in any place
(properly secured from accidents by fire) contiguous to the room or building required to be
warmed or heated," sending the steam "into, round, or through the room or building to be
warmed." He observed that the pipes must be placed with care, "since from their highest
elevation they must form a gentle declivity, so as more readily to deposit the condensed steam
or water into a cistern or reservoir" to be "placed as near to the boiler as circumstances will
admit." Furthermore, "it is obvious that the heat dispensed will be in proportion to the length
or quantity of the pipes or tubes introduced into the place intended to be warmed. The steam
would be "checked or regulated, and the room or building kept in a due and uniform state of
temperature" by cocks or valves placed "in such part of the pipes or tubes most convenient."
Such valves could also be used to direct the steam to "several other advantageous uses, such as
blowing on all kinds of fires, or in giving force to such works as require power to put them in
motion." Hoyle installed his system in "some cloth manufactories at Halifax, and at Broadley,
and in a house near London. "24
Joseph Green of Surrey received a patent two years later for an "Invention and method
of warming rooms and buildings with hot air of a more pure quality that has hitherto been used"

23 Robert Buchanan, Practical and Descriptive Essays on tire Economy of Fuel,· and Management of Heat.
(Glasgow, 1810), xiii-xvi; Robb, "District Heating is Not New," 177.
24 [Meikleham], On tire History and Art of Warming and Ventilating, 2:241; British patent number 1816, 6
August 1791; Repertory of Arts, 3:304.
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involving
heating air for the purpose of warming buildings by means of hollow vessels or pipes
immersed in hot water or steam, whereby too great a degree of heat is avoided, and the
air remains unburnt and fit for respiration.
Recognizing the distance limitations inherent in using air, Green advised that
When the rooms are at too great a distance from the boiler to be warmed by single pipes,
then, in order to prolong the duration of the heat, I either inclose the pipes through which
the warm air is conveyed in larger pipes, to which the steam rises from the boiler, or I
introduce the warm atr into the larger and the steam into the smaller pipes, by which
means the air pipes are prevented from growing cool.
Green was called in to fix Hoyle's inoperative system in the London house, "but his improvement
greatly increasing the radical defect, it was removed." Green's system was installed in several
buildings, including a mansion on Wimbledon Common and Lord Lansdowne's library. The
system in the mansion "remained in occasional use for 16 years," but "after several times the
first cost had been expended in tinkering, it was finally removed." In the latter system, defects
in the joints of the copper pipes occasioned so much trouble "that its use was given up," despite
efforts by Boulton to correct it. Green was apparently more successful in heating a vinery and
plant house at Mr. Morton's villa in Hammersmith, which "gave great satisfaction for several
years" before being taken down and sold by creditors. 25
Steam heating was used by various English gardeners in the 1790s and in the winter of
1795-6 Boulton installed a system in his friend Dr. Withering's library at Birmingham. The
system worked perfectly, but
the pipes being made of copper and soft-soldered in some places, the smell of the solder
was rather unpleasant to the doctor, who was then in an infirm state of health with
diseased lungs, and Mr. Boulton removed the apparatus to Soho, in order to erect it in
his own house, in which he was making alternations about this time; and he intended to
heat every room by steam. A boiler was put up for that purpose, in one of the cellars;
but some circumstances occurred which prevented his continuing the plan.
Boulton also prepared a drawing showing an enlargement of his domestic steam heating system
to supply four other Soho houses, but it was never constructed. 26

2 51bid., 2:242; British patent 1968, 8 January 1794; Robertson Buchanan, A treatise on the Economy ofFuel
and Management of Heat, especially as it relates to Heating and Dtying by means of Steam (Glasgow, 1815),
xiv.
261bid., xv; Robb, "District Heating is Not New," 177. Robb appears to have seen Boulton's drawing for
the enlarged scheme, but gives no date or other information.
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In 1798 Neil Snodgrass was engaged by G. Macintosh and David Dale to manage their
cotton mill near Dornoch, in the county of Sutherland. He spent six months in Glasgow
supervising the construction of the mill machinery, during which
he was led to consider of a cheap method of heating the mill, as he had learnt that fuel
was extremely scarce and dear in the county in which the mill was situated.
Snodgrass' system was described in an 1805 memorial to the Royal Society of Arts:

It was evident that none of the methods which he had seen practiced could be applied but
at an enormous expense; and his experience had pointed out to him important defects and
inconveniences in them all. Having observed a mode of drying muslin by wrapping them
round hollow metal cylinders, filled with steam, practiced at the bleach-fields near
Glasgow, it occurred to him, that, by means of a proper apparatus, steam might be
applied to heat a cotton mill, or any other large manufactory. It was evident that this not
only would be an economical mode of producing heat in large works, so far as fuel was
concerned, but that it would prevent the danger of fire, to which such works, which
heated in the usual manner, are much exposed. He communicated his notions to a
number of cotton spinners and others, from whose suggestions he expected assistance.
But he met with nothing but discoura,ement; the project being every where treated lightly
or pronounced to be impracticable. 2
Snodgrass was impressed enough with the plan's advantages that he "persevered in his
resolution to make trial of it, and ordered tin pipes to be made for the purpose" which were
erected in the mill in May 1799 (Figure 6). Filling the pipes with steam "at once produced the
necessary degree of heat," but having been damaged in transport, "proved not sufficiently
strong." The pipes had been installed on a diagonal and "the upper sides of the pipes became
sooner heated than the lower; which caused an unequal expansion." The returning condensation
also obstructed the steam leaving the boiler, so the pipes were moved to a vertical position and
connected to the boiler by two horizontal pipes, one to supply steam and the second to return
condensate to the boiler. The system proved quite satisfactory at meeting the principal objective
of saving fuel and Snodgrass reported that "the expense of fuel is scarcely one-half of what is
necessary to produce the same degree of heat with the best constructed stoves," which he had
used in his five years of previous experience in cotton mills . Furthermore, the apparatus would
"heat the rooms to 85° in the coldest season" and "by increasing the size, or the number of the
pipes, and the supply of steam, any degree of heat up to 212 o may be easily produced." Higher

27Neil Snodgrass, "Mode of Heating Rooms by Steam," Transactions of the Royal Society of Arts 24
(1805), 198, reprinted in Philosophical Magazine 27 (March 1807), 172-81.
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Figure 6- Neil Snodgrass' 1800 steam heating system for cotton mills. Source: Neil Snodgrass, "Mode
of Heating Rooms by Steam," Philosophical Magazine 27 (March 1807).

temperatures would be obtained by "an apparatus strong enough to compress the steam: this,
however, can seldom be wanted." The next year, 1800, Snodgrass sent a report on the scheme
to his Glasgow employers, Macintosh and Dale, "who were very doubtful of the success of the
scheme," and "immediately published the discovery in the Glasgow newspapers, inviting cotton
spinners, and others interested, to inspect the plan." A number of other cotton mills soon
adopted the plan and Snodgrass was able to present the Royal Society of Arts with "certificates
of five other mills being heated in a similar manner." The Society voted to award him its "gold
medal, or forty guineas. " 28
Soon after Snodgrass installed his first system, "Mr. Houldsworth of Glasgow used it
with great success; and about the same time, Mr. Lee of Salford, applied this principle to
warming his new fire-proof mill." Lee,

28Ibid.,

172.
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having a large increase of his cotton-mill in view, consulted with Messrs. Boulton and
Watt, relative to the best mode of heating it by steam; and, in the course of the
subsequent year, he erected his present apparatus of cast-iron pipes, acting also as
supports to the floor .
Lee subsequently heated the staircase, hall, and passages of his house by steam "conveyed
underground from the boiler of a steam engine." Matthew Murray, a competitor of Watt and
Boulton,
heated his house in 1804 by steam from his manufactory near by. His house, Holbeck
Lodge, was locally known as Steam Hall. 29
Although Snodgrass and others advanced the practical art of heating technology in the
· early nineteenth century, few addressed the theoretical and scientific aspects of heating. One
significant exception was Benjamin Thompson, a native of Massachusetts who remained loyal to
the Crown and served during the American Revolution as both spy and soldier in His Majesty's
service. Pensioned and knighted after the war, Sir Benjamin entered the service of Carl Theodor,
Elector of Bavaria, where, anticipating Bismarck, he worked tirelessly to ameliorate the living
conditions of the poor as a means of promoting political stability. He was made Count of
Rumford during Carl Theodor's temporary tenure as Holy Roman Emperor, but soon devoted
his time to indefatigable self-promotion of his talents as scientist and heating engineer. Both
talents made him fortunes, as his books sold well and his kitchens and efficient heating systems
were in demand throughout Europe. 30
Rumford experimented with the insulating values of various materials, suggested the use
of double-paned windows and proposed that large buildings be heated by steam, proposing that
since the boiler
can without any inconvenience be placed outside the hall, and even at a considerable
distance, it may be put in an out-of-the-way place, where there will be every security
against accidents from fire, and at the same time ease in storing the wood intended for
the boiler, and in regulating its consumption.

29 RobertsonBuchanan, An Essay on the Warming of Mills and other building by Steam (Glasgow, J. & A.
Duncan, 1807), 8; Buchanan, A Treatise on the Economy of Fuel, xv, 194-5; Greenville Bathe and Dorothy
Bathe, Jacob Perkins: His Inventions, His Times & His Contemporaries (Philadelphia: Historical Society of
Pennsylvania, 1943), 143.
30<rhe best Rumford biography is Sanborn C. Brown, Benjamin 17rompson, Count Rumford (Cambridge:
MIT Press, 1979).
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Furthermore, "the steam-tube" supplying the remote stoves,
as well as that which carries the water back from the stove to the boiler, should be well
surrounded by suitable coverings, in order to preserve their heat."
Rumford also provides the first
known description of an expansion
joint, a device for
preventing metallic Steamtubes, of considerable
Length, from being injured
by the alternate Expansion
and Contraction of the Metal
by the different degrees of
heat and cold to which those
Tubes are occasionally
exposed.

a

Figure 7 - Count Rumford's 1802 pipe expansion joint.
Source: 17re Complete Works of Count Rumford (Boston:
American Academy of Arts and Sciences, 1874), 3:485.

Rumford's device (Figure 7) consisted of two thin copper drums that could absorb the expansion
and contraction of a longer pipe. 31
Although Franklin's stove was an important advancement in warming the western world,
steam and hot water heating had an even greater impact during the nineteenth century. After
Rumford, several others added to the general knowledge of steam and hot water heating,
particularly noteworthy for their emphasis not just on the mechanics of heating, but on the safety'
and efficiency of such methods. Building a fire and heating a room took no extraordinary talent,
but doing so uniformly, comfortably, cleanly, safely, and ultimately on a large scale required
years of incremental advances . Despite these advantages, Buchanan wrote in November 1807
that
Although in all situation in which there is a steam-engine, or a regular supply of steam
kept up for other purposes, it may be proper to use steam for warming buildings, yet
where that is not the case, unless a person can be appropriated for the sole purpose of
attending on the boiler, I would not recommend it; for the trouble and expense of
attending on a small boiler, and risk from careless of not keeping up a regular heat, or
of having it burst or burnt out, would more than counterbalance the advantage otherwise
to be derived from it. Where it not for the above objections, steam might be exceeding
useful in dwelling-houses. When a dwelling-house is, however, near a manufactory, it
may easily be heated, as is done, I am told, by Mr. Lee at Salford.

31 count Rumford, "Observation on the best means of heating the hall in which the ordinary meetings of the
Institute are held," read at the Institut de France August 10, 1807, in Collected Works of Count Rumford
(Cambridge: Belknap Press, 1969), 3 :24-6; "On the Construction of Kitchen Fire-Places and Kitchen Utensils"
in Ibid. 3:381.
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The following April Buchanan wrote to Alexander Tilloch, editor of the Philosophical Magazine,
advising him of the latest in steam heating, adding that
It occurs to me, that steam might be applied for warming buildings in London, in many
instances, with great advantage. For instance, the bed-rooms of large inns and hotels;
as also large warehouses or shops, where a number of neighboring buildings might be
warmed from one boiler, which would save much in attendance and fuel, as well as in
the cost of the apparatus. 32
Snodgrass, Buchanan, Watt, and Boulton employed the advantages of heating factories
with boilers primarily used to power engines, a principle mentioned in a 1 May 1776 letter from
William Pulteney to James Watt:
I understand that some attempt has been made to apply the Fire Engine to the purpose
of turning Mills for squeesing the Sugar Cane in the West Indies, & that it is supposed
that the same fire which is used to boil the sugar, will be sufficient to produced Steam
to work the Mill - If this should be practicable, it would be a matter of infinite
consequence to the Islands & to the Public & would occasion a very great demand for
your Invention.
In the case of the mill of H. Houldsworth & Co. that had "boiler equal to that commonly used
for a steam-engine or twenty-one horses power." Since their engine had "only the power of
sixteen horses," the boiler has a "surplus power of five horses," which was quite sufficient to
warm the entire building. The Houldsworth mill had 6 stories, each 116 feet by 27 feet 8 inches
by 9 feet high, or 173,304 cubic feet, plus 76,696 cubic feet in the back house, the total being
250,000 cubic feet. A boiler power equivalent to five horses was satisfactory to heat this space,
so Buchanan concluded that each horse's power could heat 50,000 cubic feet and one cubic foot
of boiler heating surface could warm 2,000 cubic feet of interior space. This simple rule of
thumb was adequate for sizing a boiler to handle power and heating needs of many factories.
Buchanan listed characteristics of several steam heating systems in 1807 and enlarged in his 1815

Treatise on the Economy of Fuel (fable 1). 33
Steam engines of that era almost without exception used steam at or slightly above
atmospheric pressure, depending on the vacuum created in the condenser to move a piston.

32Buchanan, An

Essay on the Watming of Mills, 23; Jetter dated 2 April 1808 in Philosophical Magazine
30 (April 1808), 225-6.
33Jennifer

Tann, ed., 111e Selected Papers of Boulton & Watt (Cambridge: MIT Press, 1981), 1:365;
Buchanan, Essay on the Wanning of Mills, 22-3 .
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Table 1 -Characteristics of several steam heating systems in 1815. Source: Robertson Buchanan, A
Treatise on the Economy of Fuel (Glasgow, 1815), 247.
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James Watt had included the use of high pressure steam in a 1782 patent, but he considered it
very dangerous and only to be considered as a last resort when condensing water was not
available. Richard Trevithick believed that high pressure steam had enormous potential to make
engines smaller and more efficient, but he was plagued with problems, such as high pressure
steam boiler explosions, which many took as confirmation of Watt's judgment. Across the
Atlantic, two Americans engaged in a struggle over rights to build high pressure steam engines.
John Stevens and Oliver Evans engaged in heated public quarrels over these rights, Evans
compiled his arguments in a book that included several letters from Stevens, including one dated
9 January 1805 in which Stevens discusses improvements in distillation:
The idea of distilling with steam is not new. Count Rumford has suggested its
practicability in one of his essays. You must observe that Mr. Evans and myself work
the steam engine without any condensing apparatus . This steam then, after its discharge
from the cylinder, which any diminution of temperature, may be applied to the purpose
of distillation. This application of steam naturally suggested itself to me which I first
made my experiments on working a steam engine with steam at a high temperature. I
have accordingly invented a still adapted to the purpose, simple and cheap in its
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construction, and calculated to produce !,Pirit of a much better quality that can be
obtained in the ordinary way of distilling.
Boilers had already been used to make steam for both
heat and power as discrete and independent functions, such as
outlined in Pulteney's 1776letter to Watt. Stevens proposed to
use the same heat twice, first to power an engine (which in his
day used less than 10% of the available energy in the steam),
then use the energy remaining for distillation, a thermal process.
Combining heat and power into a single process was not new,
having been introduced into Europe in the fifteenth century by
Tatar slaves.

The smokejack or chimney jack, recorded by

Leonardo da Vinci in 1480 (Figure 8), used heat rising from a
cooking fire to power a hot air turbine in the chimney that in
turn drove a spit or lathe. Montaigne saw them in Germany
during his 1580 journey and John Evelyn in 1675 mentioned
"the smoke-jack in my brother's kitchen-chimney, which has
been there, I have heard, near a hundred years." Benjamin

Figure 8 - Leonardo da
Vinci's 1480 sketch of the
Tibetan smoke jack.
Source: Codex At/anticus,
folio 5, verso a.

Franklin noted in 1758 that they might "be applied to some
mechanical purpose."

Although not particularly efficient, they were primarily labor saving

devices and fulfilled that function rather well, surviving at least into the nineteenth century
(Figure 9) and finding use in driving hot water heating pumps in the 1830s, as will be seen. 35
Although Evans disputed almost all of Steven's claims to the high pressure steam engine,
he did not take issue with Steven's claim to the idea of using steam engine exhaust for heating.
Evans grasped the significance of this feature, however, and in 1812 the exhaust from an Evans
engine was warming the Middletown Woolen Manufacturing Company in Connecticut. Two

340liver Evans, The Abortion of the Young Steam Engineer's Guide (1805; reprint, Wallingtonford,
Pennsylvania: The Oliver Evans Press, 1990), 104.

35Montaigne, Journal de voyage en ltalie, 1130-2; Oxford English Dictionary, s.v. "smoke jack;" Lynn
White, Jr., "Sources of Western Medieval Technology, " Ametican Historical Review 65 (April 1960): 519.
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years later one of Evans' Columbian steam engines was installed at
the Providence Dyeing, Bleaching and Calendering Company in
Providence, Rhode Island, for which the license claimed that
This engine is not more than one fourth the weight of
others; is more simple, durable, and cheap, and more
suitable for every purpose; especially for propelling boats
and land carriages. It requires no more water than the fuel
will evaporate in steam, and this steam may be employed to
warm the apartments of factories; or the condenser could be
used as a still to distil spirits; or a vat or paper making,
boiler in a brewery, dye factory, &c. &c.36
This manner of using the steam twice, recently given the
name cogeneration, was widely adopted wherever high pressure
steam engines were utilized.

James Nasmyth, who helped to

Figure 9 - Smokejack.
Source:
Century
Dictionary and
Cyclopedia (1899) 7:
5719.

develop a small high pressure engine, found "a constantly increasing demand for them" and also
found that "when placed in lower parts of the building the waste steam was utilised in warming
the various apartments of the house" for such purposes as drying wet clothes and keeping food
warm in addition to the obvious purpose of heating the building. Nasmyth also used exhaust
steam in manufacturing processes, in particular drying cloth that had been printed, and was also
an early advocate of subdividing power by distributing steam to a number of small steam engines
placed in workshops, so that "the costly ranges of shafting that would otherwise have been
necessary were entirely dispensed with." This concept permitted both heat and power to be
subdivided and will loom large later in this work. 37
Although cogeneration was widely used in factories in the nineteenth century and certainly
had an enormous, if as yet unrecorded, impact on geographic patterns of steam engine
installations, the theoretical fundamentals were not clearly understood by most mechanicians .
Using "live steam" directly from the boiler or exhaust steam from an engine was hotly debated.
In 1870, for instance, Charles E . Emery, a noted steam engineer, wrote a detailed assessment of

36Buchanan, A Treatise on the Economy of Fuel, 194-5; Greenville Bathe and Dorothy Bathe, Jacob Perkins:
His Inventions, His Times & His Contemporaries (Philadelphia: Historical Society of Pennsylvania, 1943), 1433
n. 180; "An Oliver Evans License of 1814," Power 40 (15 September 1914), 379.

37James Nasmyth, James Nasmyth, Engineer: An Autobiography, ed. Samuel Smiles (London:
Murray, 1883), 313-4, 316, 318.
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the costs of both methods of heating. Carefully weighing the various factors and costs, Emery
concluded that "the system of heating by exhaust steam may be applied with advantage in nearly
every establishment where a non-condensing steam-engine is in use."

In 1889 Charles H.

Manning of Manchester, New Hampshire evaluated the comparative cost of steam and water
power along the valley of the Merrimack River, where the great mills of Lawrence, Lowell, and
Manchester were attracted by plentiful water power, so that "if we can show that steam can
compete successfully with water here, it surely can elsewhere in the same lines of production."
While the cost of water power was fairly simple to calculate, the cost of steam power "is a more
complex matter, as the cost of steam power varies greatly with the uses to which a portion or the
whole of the exhaust steam may be applied." Again evaluating a number of different factors,
Manning concluded that because these mills required a substantial amount of steam for heating
and process drying which required the investment and operation of a steam production and
distribution system, the incremental cost of using steam power was less expensive than even the
least cost water power. 38
Although factories or other facilities that used boilers for other purposes readily adopted
steam and hot water heating, widespread adoption of this technology required safer and less
expensive boilers. Clearly, the basic fundamentals of heating by steam and hot water were
understood by 1815 and implemented to various degrees in small and large buildings. Among
other things, automatic heat regulators and underground steam pipes to carry steam to other
buildings had been built and demonstrated. Future improvements would greatly improve the
operating characteristics of individual components and entire systems, but as important, if not
more so, was the need to recognize that steam and hot water heating was a system that had little
in common with wood stoves and fireplaces. Despite the recognized advantages of such systems,
few building owners could tap the talents of individuals such as Rumford, Snodgrass, or
Buchanan to design and build heating apparatus for their buildings. Weaning large numbers of
building owners from their stoves and fireplaces would require two things: A packaged system

38CharlesE. Emery, "Exhaust Steam for Heating Purposes." American Artisan, reprinted in Van Nostrand's
Engineering Magazine 2 (May 1870), 537-40; Charles E. Manning, "Comparative Cost of Steam and Water
Power." Transactions of the American Society of Meclranical Engineers 10 (1889), 499-508 .
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of standard apparatus adaptable to most buildings at a reasonable installation and operating cost,
and, more importantly, the building owner must perceive some advantage to installing such a
system.

The first issue was addressed by a number of inventor-entrepreneurs in the early

nineteenth century who offered a variety of heating systems to commercial, institutional,
industrial, and residential markets. The second issue was more difficult, for few (if, indeed, any)
building owners would buy a heating system solely for some technological advance. Inevitably,
safety and economic factors were paramount in such decisions, but cost accounting perceptions
and practices varied greatly, creating many interesting opportunities for heating entrepreneurs to
sell complex technological systems.
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It occurs to me, that ... a number of neighboring buildings might be warmed from one boiler, which would
save much in attendance and fuel, as well as in the cost of the apparatus.
Robertson Buchanan, 1808
The destruction by fire, of the two largest Theatres in the kingdom, has directed much of the public
attention to rendering buildings less subject to so dreadful a calamity. In this important respect, no means
of heating buildings has yet been devised, so good as that by steam, and, from 1ts novelty, none is yet so
partially known or understood.
Robertson Buchanan, 1815
Mr. Perkins says he can heat a whole parish from one fire.
Mechanics Magazine, 1836.
The poor [in China] who are glad to make the most of their fuel, place the furnace in the room that is
heated, the middling sort in an adjoining room; but the rich form it on the outside.
Robert Meikleham, 1845
For coal is a portable climate. It carried the heat of the tropics to Labrador and the polar circle; and it is
the means of transporting itself whithersoever it is wanted. Watt and Stephenson whispered in the ear of
mankind their secret, that a half-ounce of coal will draw two tons a mile, and coal carried coal, by train and
by boat, to make Canada as warm as Calcutta, and with its comfort brin~s its industrial power.
Ralph Waldo Emerson, 1876 8

Chapter 2: The Steam and Hot Water Heating Marketplace
in the Nineteenth Century -Fuels, Environment, and Technology

Despite the reintroduction of hot air as a heating medium in the eighteenth century,
buildings at the end of that century were not fundamentally different than those at the beginning.
Although very large buildings were built, heating was provided by a corresponding large number
of individual room stoves or fireplaces. When properly designed and installed, these could
provide adequate warmth, but as buildings became even larger and were used more intensively,
the labor and fuel required to maintain them became substantial. When wages and wood were
cheap, the greatest nuisance would come from the physical aspects of bringing in wood and
hauling away ashes. Any number of possible events could turn this minor nuisance into a major
problem, including the sheer hazard of having several dozen individually dangerous fires burning
simultaneously, the possibility of wage or fuel price increases, interruptions in fuel supply, and
environmental restrictions related to combustion of fuel. All of these problems appeared to

38RobertBuchanan, letter

dated 2 April1808 in Philosophical Magazine 39 (April1808), 225-6; Buchanan,
A Treatise on the Economy ofFuel (Glasgow: Hedderwick, 1815), vi; Mechanics Magazine, 7 (June 1836), 323;
[Meikleham], On the History and Art ofWarming and Ventilating, 2:170-1; Ralph Waldo Emerson, "Wealth"
in T11e Conduct of Life (Boston: James R. Osgood, 1876), 72.
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greater or lesser degrees in the nineteenth century and created enormous opportunities for heating
system entrepreneurs.
As has been seen, at the beginning of the eighteenth century heating technology was
generally unable to warm buildings in cold weather adequately. Determining the adequacy of
heating is made difficult by the large amount of subjectivity involved. Even today it is difficult
to convince a person that he or she is not too cold (or too hot) by measuring the temperature to
two decimal places. Separating substantial complaints from minor discomforts in the historical
record is more helpful where specific details are given, such as the case of Barnes Hall at
Cornell, where "as Henry N. Ogden '89 remembered, it was often so cold that students and
faculty wore overcoats and gloves at work, while watercolors froze during the period." Other
difficulties arise from cultural and even individual differences in determining adequacy, but at
the least it was possible to provide quantification by the general introduction of standard
thermometers by the Genevan geologist and physicist Jean Andre de Luc (1727 -1817). Benjamin
Thompson, Count of Rumford, arrived in Germany at the end of the eighteenth century and found
"the rooms of people of rank and fashion" were commonly kept at a temperature of "about 64 o
or 65° of Fahrenheit's thermometer (the dwellings of peasants are kept much hotter)."
Buchanan's 1815 list (Table 1) shows interior temperatures between 65° and 85°F. In 1844
France, for instance, "Ia temperature Ia plus convenable pour des lieux habitex etant de 15°[C
or 59°F]" and in 1880 American army surgeon JohnS. Billings advised young architects that
In this country, rooms must be kept at a temperature of from 68 o to 70 o Fahr., to ensure
the comfort of the occupants, while in England 60°F. seems to be the recognized
standard. Open fireplaces and grates can therefore be used there more extensively than
here, and in arranging apparatus for heating by indirect radiation it is necessary to
provide m~re heating surface than is called for by the specifications of English
engineers. 3
The improvements wrought by Nicholas Gauger, Benjamin Franklin, and others made
it possible to keep the temperature at a certain level , but this comfort came at a price that few

39 Morris Bishop, Early Cornell 1865-1900 (Ithaca: Cornell, 1967), 270; Abraham Wolf, A History of
Science, Technology, and Philosophy in the Eighteenth Centmy (New York: MacMillan, 1939), 288-96; Count
Rumford, "On the salubrity of warm rooms," (1802) reprinted in Collected Works of Count Rumford
(Cambridge: Belknap, 1969), 3:390-1; E. Peclet, Traite de Ia Chaleur, 3d ed (Liege: De Avanzo, 1844), 376;
JohnS. Billings, "Letters to a young architect on ventilation and heating," Plumber and Sanitary Engineer 3
(March 15, 1880): 154.
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could afford. Later improvements came to be directed at two different markets: The first (and
initially the only) was to reduce the heating expenses for those individuals and businesses who
had adequate heat but considered the expense too high; and the second was to lower the cost of
adequate heating so that more people could have it. Determining the true cost of heating was
(and is) an exercise in accounting that can be quite complicated, with direct costs for fuel, stoves,
and boilers sometimes not even comprising the majority of total costs.
A third element to be considered is that of safety. Watt had once called his competitor
Richard Trevithick a "murderer" for advocating the use of high pressure steam, and lurid press
coverage of boiler explosions did little to make anyone eager to install a boiler in the basement.
On the other hand, steam and hot water systems could displace individual fireplaces and stoves,
greatly reducing the risk of fire, probably a more substantial threat than exploding boilers.
Buchanan, for instance, notes the case of Mr. Dawson's printing office in White Friars, London,
which by December 1812 had "for a considerable time been heated by steam." Along with other
advantages such as using a cheaper grade of coal, Dawson saved "very considerably in the
premium for insurance," reducing the premium of lOs. 6d. per cent. for using stoves to only 3s
on his £17,000 of property. As will be seen, steam could also be used to extinguish fires and
this feature was included in a few systems. 40
These factors deserve some close attention, since it seems very clear that few individuals
or organizations bought new heating apparatus from any sense of technological determinism. In
almost every case demonstrable savings were required to substantiate the capital investment
required by such decisions, and enough data have survived to show to some extent how these
decisions were made.

More difficult to pin down was the weight given to future costs

considerations, especially when environmental regulations started to appear in various
jurisdictions. In other words, would a factory owner buy a more expensive boiler that produced
less smoke to avoid some unknown future regulation that might require an expenditure? All of
these concerns, and more, bore on the decisions made by inventors and entrepreneurs · in
developing and marketing heating systems and ultimately the success or failure of any system can

40Buchanan,

Treatise on the Economy of Fuel, 288.
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be proven by its ability to find a marketplace.
Louis Hunter has summarized the technical and marketing aspects of America's
conversion from wood to coal for power uses, so we need only expand the story to the field of
heating. Hunter essentially ignores climatic and environmental issues (such as smoke control)
in his work, although these undoubtedly had an effect on technological development of steam
power and had a significant effect on heating technologies.41
While Americans used their abundant forests for heating until well into the nineteenth
century, shortages of wood had forced the English into, the use of coal much earlier. The great
fuel crisis had come during the sixteenth-century reign of Elizabeth I and by 1666 John Evelyn
was investigating the use of peat as a heating fuel. As early as 1609 English writers suggested
exploiting American forests to save their own, which although repeated by Evelyn in his 1664

Sylva, did not become official policy until the early 1700s, and then not to save English forests
(which had in the meantime largely disappeared) but because war had stopped imports of pitch,
tar, iron, and wood from Sweden, the largest supplier. Britain turned to the American colonies
to supply these strategic natural resources and increasingly exploited them for its own benefit,
usually at the expense of local colonists who were themselves perfectly adept exploiters. John
Perlin argues persuasively that the seeds of conflict that eventually led to revolution against
British rule were planted in the struggle over control of American forests. 42
Quantifying wood use in these periods with precision is difficult because "cordwood was
about as plentiful as air, but nobody wrote about air-why write about firewood, or even record
statistics about it?" The 1879 Census of Manufactures estimated fuelwood consumption at
147,300,000 cords, with 6,700,000 used for industry and transportation. Wood for domestic use
amounted to about 2.71 cords per capita, down from 3.04 in 1875 and 3.46 in 1870. The
redu.ction in wood use came from increased use of coal, which totalled 1.24 tons per capita in
1875, while total per capita energy use in the United States in 1875 was the equivalent of 3.67

41 Louis C. Hunter, Steam Power, vol. 2 of A History of Industrial Power in the United States, 1780-1930
(Charlottesville: University Press of Virginia, 1985), chapter 7.
42John Perlin, A Forest Journey: the role of wood in the development of civilization (Cambridge: Harvard,
1991), 278-324.
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tons of coal. A household in the 1870s averaged just over five members, requiring a household
total of 18.4 tons of coal annually.

Some other statistics bear on the subject, such as at

Princeton where each student in the first decade of the nineteenth century was allotted three cords
of wood. In 1815 Philadelphia James Ronaldson computed that each of the 16,000 households
(each with six people) used ten cords annually for heating at an average cost of $7 a cord, while
in 1826 Philadelphia per capita energy use was approximately two tons of coal. In New York
City, 298,327 1h loads of firewood were sold in 1837 at a cost of $725,471.84 1h, 54,629 loads
more than in 1836 but at a cost $65,876 less, the reduction in price amount to a net savings of
$220,790.45. In 1836, 291,886 tubs of charcoal were sold for $112,221.29, while in 1837
284,110 tubs were sold for $83,200.59. For anthracite coal 5,609 fewer tons were bought in
1837 than in the prior year, while the cost was $1,876.56 less. The fuel expense to the city as
a whole for 1837 was calculated as $248,682.25 less than had been spent in 1836. In colonial
New England, William Cronon suggests that a typical household
probably consumed as much as thirty or forty cords of firewood per year, which can best
be visualized as a stack of wood four feet wide, four feet high, and three hundred feet
long; obtaining such a woodpile meant cutting more than an acre of forest each year.
Thirty to forty cords of fuelwood would equal approximately 24 to 30 tons of coal, suggesting
that by the 1870s household energy consumption had dropped 25% to 40%, although lack of
specific data on geographic areas reduces the comparability of these figures .43
Despite reduced use, fuel availability had seldom been certain. Boston had suffered its
first fuel crisis in 1638 after exhausting its local supply and the inability of the surrounding
countryside to provide adequate fuel led populous Massachusetts to acquire Maine in 1668,
paying £1,250 largely to insure access to its forest resources. Although the wood supply initially
permitted expansion of the lucrative international lumber trade, Boston's increasing appetite for

43 0n depletion of English woods, see G. Hammersley, "The Crown Woods and their explo.itation in the
sixteenth and seventeenth centuries" Bulletin of the Institute of Historical Research 30 (May 1957): 136-61, and
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source for statistics on fuelwood consumption is R. V. Reynolds and A. H. Pierson, Fuel Wood Used in the
United States, 1630-1930, Department of Agriculture Forest Service Circular No. 641, February 1942; H.
Benjamin Powell, Philadephia's First Fuel Oisis: Jacob Cist and the Developing Market for Pennsylvania
Anthracite (University Park: Pennsylvania State University Press, 1976), 60; "Consumption of fuel in New
York." Mechanics Register 1 (March 1838): 179; Cronon, Changes in the Land, 121.
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fuel soon required that
a whole fleet of sloops worked the Maine-Boston run all year so people living in Boston
could cook and heat their houses, ~d the city's industries, including its many rum
distilleries, could stay in production.
This traffic in fuelwood to Boston was stopped by the British blockade during the
American Revolution, causing great difficulties in that city. The situation returned to normal
after termination of hostilities, but in the winter of 1800-1801 there was again insufficient wood
available in the marketplace to heat the buildings of Harvard University. The college thereupon
acquired a sloop, named the Harvard, which was placed in service to carry wood from woodlands
the university owned in Maine. In an 1828 wave of economy, the sloop was sold and the college
resorted to purchasing firewood for the students as well as for itself on the open market for cash
at the lowest price possible, with an average price per cord estimated at $5.25. The college wood
yard was made

availabl~

for the handling and storage of this supply, where a Mr. Keys was

under contract for "sawing, splitting, piling, cording, carting, and delivering into the woodclosets of the Students," for $2.00 per cord. The availability of firewood affected other colleges
as well.

The 1740s debate over the location of King's College (now Columbia) included

recommendations to locate outside the city, for while "an urban college would have to import
food and firewood, a suburban college could rely on nearby farms and forests." Defenders of
a location in the city countered this argument by suggesting that the expense of firewood bothered
only the shortsighted, since "within a short time the woods about a country college would be
cleared, requiring the use of imported firewood," and in any event, "'tis the Opinion of many,
that in less perhaps than half a Century, Coal will be the cheapest Fuel. " 45
After local supplies were exhausted but prior to coal arriving in a market, wood suppliers
maintained a de facto energy monopoly. Many municipalities, including Rochester, New York,
reacted by mandating the weighing of wood by official wood measurers or inspectors. By the

44John Perlin, A Forest Journey: the role of wood in the development of civilization (Cambridge: Harvard,
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early 1880s inspectors were measuring all fuelwood entering Washington and in 1886 Henry
Burrows, Inspector and Measurer of Wood for the Rock Creek District to the Commissioners of
the District of Columbia, reported that he had
inspected and measured 5,785 cords of wood, which arrived by way of the river and
canal, coming, as nearly as I can ascertain, in equal parts from Maryland and Virginia;
about one-fifth of it coming by way of the canal.
Furthermore, Burrows reported that
there seems to be a growing tendency toward a collusion between the captains of wood
vessels and wood corders to cord the wood in such a manner as to make it appear that
the ranks contain more wood.than the measurer finds them on inspection to contain. As
this collusion must necessarily lead to corruption, I would respectfully suggest that some
measure be adopted to prevent the payment by the vessel captains to the corders for a
greater number of cords than is certified by the measurer as having been corded in each
instance.
The following year one of the three district wood inspectors, William M. Dove, also carried the
title "Inspector Fuel, District of Columbia," and reported that he had "inspected, weighed , and
measured 22,598 cords wood and 4,850 tons coal. 46
States began to promote the crop potential of timber, as Massachusetts had done since at
least 1804, and also began to keep better records, while the different heating value and costs of
various woods were analyzed. Marcus Bull, for instance, conducted a series of experiments on
the comparative heating values of wood and coal in the mid-1820s and in 1871 Professor C. S.
Sargent concluded that
Hickory makes better fuel than any other wood .. and is always the standard by which
the value of other woods for this purpose is estimated. In the form of firewood it now
seldom comes to the Boston market, where it readily commands, however, $16 the cord .
By 1878, Engineering News reported on the "general use now made of pine slabs, in the
Northwest, as a steam generating fuel ."

The apparent cost advantage of pine slabs did not

survive careful analysis, which showed that pine slabs at $1.15 per cord, Ohio coal at $3.44 per
ton, and anthracite coal at $3.57 per ton "are equally cheap, provided the combustion be

46Blake McKelvey, Rochester the Water-Power City 1812-1854 (Cambridge: Harvard University Press,
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perfect. " 47
As local supplies of wood were depleted, supplies came from increasingly distant forests,
creating a dependence on transportation for fuel supply. This system had its fragilities, as the
citizens of Dubuque, Iowa discovered in the long winter of 1880-81. An early storm had caught
the city unprepared and fuel dealers were "afflicted with very light stocks of wood and coal."
Wood was provided by a number of local suppliers along the railroads leading to Dubuque, but
the heavy snows greatly reduced the amount of wood supplied to the railroad, a situation
exacerbated by a shortage of rail cars which had been diverted to carry grain and not improved
by the disruptive "railroad wars" between the Northwestern and the Milwaukee and St. Paul.
A regional wood famine developed, raising the previous summer's price of $2 a cord to $4 and
then $7. In December 1880 the Dubuque Daily Herald estimated
that there are 25,000 cords of hard wood consumed in this city during the year, besides
the thousands of loads of pine wood from the sawmills. It will be readily seen that an
advance of from ~1.50 to $2.00 per cord in the wood costs Dubuque people something
in the aggregate. 4
Coal had been used in America very early, often imported from England as ship ballast.
Virginia exported 58 tons to New York in 1758. In 1784 Philadelphia imported over 500 tons
from London, Liverpool, Glasgow, and Virginia, and by 1790 over 1,000 tons a year entered that
city, while the country as a whole imported 7,000 tons annually. In 1800 "only two places,
Pittsburgh and Richmond, Virginia, were using coal to any extent for domestic purposes," as the
principal use for coal at this time and for the next several decades appears to have been for power
and manufacturing. Coal and wood competed in several markets, as in Pittsburgh where coal was

so common and so easily procured, that several of the inhabitants burn it for cheapness.
This does not arise from a deficiency of wood; but labor is so very dear, that there is not

47Marcus Bull, Expetiments to detennine the comparative quantities ofheat evolved in the combustion ofthe
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a landholder at Pittsburgh who would not sell a cord of wood for half the price which
coals would cost, if the purchaser would go a mile to fell the trees, and bring them
home.
The Philadelphia Center Square waterworks switched from coal to lower-cost wood in 1806 and
the next year bought coal again. In 1809 the American Philosophical Society reported that the
waterworks used "1 to 1.25 tons of the best Virginia coal each day .'>49
On the eve of the War of 1812, Philadelphian James Mease reported that homeowners
there still relied heavily on wood for heating and cooking, with some 65,000 cords landing
annually from 1808 to 1810 and two-thirds more arriving through neighboring ports. The
increase in firewood prices could be checked by abundant supply of inexpensive anthracite, which
he noted was already in use by many Philadelphia craftsmen. Anthracite could not only heat
counting houses and public buildings, but offered great potential for reducing residential fuel
costs. In addition, extensive use of coal would cause the cost of fire insurance to drop sharply.
In March 1813 the British blockaded Philadelphia and the price of all fuels increased. James
Ronaldson computed the cost of heating Philadelphia with wood fires in late 1815, reporting that
oak has increased to $9 a cord and hickory to $12.

At an average price of $7 a cord and

assuming each of 16,000 households burned ten cords a year, the population paid $1 ,112,000 to
heat their homes, while manufactories added another $750,000 to the fuel bill. Ronaldson
advised anthracite entrepreneur Jacob Cist that with anthracite the public could save twenty-five
percent of its fuel costs. 50
The price of coal averaged $.30 a bushel ($7 .50 a ton) as late as March 1813, when the
British blockaded both Philadelphia and Baltimore. Coal prices more than tripled within a month
and the 13,000 tons that had entered American ports in 1811 dropped to 691 tons during 1814.
Cist and others responded to the crisis by increasing production and delivery of anthracite coal
mined in northeast Pennsylvania, beginning a slow process of displacing wood as well as coal
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imported from more distant locations. Robert Fulton was simultaneously proposing to mine coal
in Ohio, ship it on his new steamboats to New Orleans, and by ocean to New York City,
calculating that he could deliver it for less than others could charge to bring it overland from
interior mines. Transportation of coal proved extremely difficult and the energy shortages during
the War of 1812 clearly had a direct effect on the establishment of canals for internal lines of
communication.51
Communities with diminishing local wood resources found the new fuel irresistible and
creating the demand for coal was easy, as in 1833 Rochester where
the more particular housewives, refusing to admit stove pipes into their parlors, were
insisting-if trust can be placed in a furnace advertisement-on a coal furnace in the
cellar from which the whole house could be heated by hot air.
The completion of the Erie Canal lowered the price of coal from eleven to five dollars
a ton by 1833, still an unattainable luxury for a workman making four or five hundred dollars
a year. Rochester citizens in the mid-1830s supported a new canal extending to the south, largely
with the "hope of reaching a coal supply," but they would have to wait another decade until
Jonathan Child brought Lehigh (anthracite) coal to Rochester for foundry use. The following
year Nathaniel and Henry Rochester opened a firm with Child to sell coal and iron. Their coal
was brought from Philadelphia by way of Albany, and was
mostly in large lumps, for manufacturing purposes, but the debris that was left after they
were disposed of was sold to housekeepers to be used as fuel in stoves. This soon
became so generally recognized as adapted to that end that the firm began the practice
of breaking the large pieces into smaller ones of a suitable size and selling them for
heating purposes, and in a short time they were known as regular retailers of Lehigh and
Blossburg [bituminous] coal.
In 1850 Roswell Hart opened the first business in Rochester devoted exclusively to selling
coal. 52
Assisted by the later establishment of railroads, coal made its way to new markets.
Widespread acceptance of coal as fuel was frustrated for many decades by the abundance of
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wood, lack of transportation facilities, and a general conservatism about converting to a different
form of energy.

Prosperity became synonymous with industrial expansion, which required

dependable and inexpensive coal supplies. In the mid-1850s the city of Rochester subscribed to
the bonds of the Genesee Valley Railroad "by the desire to reach a coal source." The winter of
1856-7 saw some 6,000 tons of anthracite delivered to Rochester over this route, "although high
freight charges were exacted, for the route was anything but direct." The following summer over
27,000 tons arrived by canal, "providing a more abundant supply than in previous years, but the
number of consumers, both domestic ,and industrial, was rapidly increasing."

Despite the

increased supply, fuel costs continued to rise "as the depleted forest reserve forced the cost of
fire wood up to that of coal." In 1858 a
four-room house with two fireplaces and a cook stove, or two chunk stoves and a cook
stove, or a furnace and a cook stove, would consume fifty to !ixty dollars' worth of
wood or coal each year-an enormous sum to the wage earner.5
The Civil War brought prosperity to Rochester's industrial sector, but the absence of a
coal artery caused acute inflation in coal and other necessities, which "added to the poor man's
burden and embittered him towards war profiteers." Reinforcement of the transportation network
serving Rochester did not solve the coal problem, for although price increases became customary
each winter as soon as ice blocked the canals,
the steady rise which started at $6.40 a ton in June 1863, reached $10 by October and
continuing its climb to $12 a ton the next spring, was a new experience. Blame at the
start on the disruption caused .by the invasion of Pennsylvania, the coal "famine" which
developed throughout the Northeast was in fact a coal panic, skillfully engineered by a
transport monopoly. Prices declined slightly in the summer of 1864, enough to permit
the election of Roswell Hart, Rochester's leading coal dealer, to Congress that fall. 54
The following year prices rose again, reaching the almost prohibitive figure of $17 a ton
by February 1865. The end of the war brought some relief, but that winter the price reached $16
a ton.

The repetition of this pattern caused sufficient protests that in 1869 the Rochester

Common Council agreed to extend credit to the new State Line Railroad, intended to reach new
coal supplies. The suspicion that coal prices rose by sinister motive was well founded, for the
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"Anthracite Board of Control," consisting of seven railroad and coal companies,
had united in order to regulate coal production and coal transportation, and above all to
raise as high as possible the cost of coal to the consumer. The objects con~~ntly kept
in view by the combination are high rates of freight and high prices of coal.
The Railroad Committee of the New York State Assembly conducted a thorough
investigation of the matter and produced evidence that during the war
and for some time after its close, in the flush times of inflation, the combination
succeeded in raising the price of coal to $13 a ton. As consumption steadily increased
notwithstanding the enormous price, money streamed into the coffers of the companies
at such a rate that they hardly knew what to do with it. In the expectation that this
golden shower would last for ever, they built railroads to all points of the compass to
supply every corner of the land with coal. At the same time they bought or leased more
land, and produced as if this generation were determined to consume all the wealth of
coal hidden in the bowels of the earth. The mania to extend the trade to all quarters at
any cost did not cease even with the financial crisis of 1873, which caused a rapid decline
in consumption. The networks of railroads was extended with the determination of
compelling the world to consume as much coal as could be produced. But even this
gigantic effort could not prevail against the laws of trade, and some of the heaviest
companies ceased to pay dividends. Stocks next were watered, which afforded temporary
relief, but in the end the condition was worse. There were enormous supplies of coal for
which there were no customers, mines which were not worked, railroads which could not
be employed, and rolling-stock for which there was no use. It is not strange that the
companies grew poor, ~nd that they were driven to a combination as a means of
improving the situation. 6
Delays slowed Rochester's project, including opposition from the Rochester Gas Light
Company, which had "secured a favorable contract with the Erie Railroad for the daily delivery
of several hundred tons of coal at a stabilized price throughout 1869," but the city's pledge of
$600,000 helped launch the new road in 1872, but construction was soon halted by the 1873
depression. The new line was finally opened in May 1878 to a joyful celebration, but it was soon
"discovered that no steps had been taken to develop coal feeders from the Pennsylvania mines"
and that the city had lost control of the road to William H. Vanderbilt. Legal action forced
Vanderbilt to withdraw, sending the venture into bankruptcy. Rather than fight to recovery the
city's investment, many citizens thought it more prudent to secure a reliable and inexpensive coal
supply. Rochester then dropped its court action and sacrificed its $600,000 investment, and "a
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coal artery was at last provided, and coal cars began to arrive in abundance early in 1883. "57
The anthracite coal market was further convoluted by the severe winter of 1876-7, when
"large quantities of coal were consumed despite the great economy practiced." The Philadelphia
Railroad Company made arrangements to ship 100,000 tons of coal around ice-blocked ports in
December 1876, weakening prices and adding to stocks. Production increased rapidly after
opening of navigation in the spring, causing a further drop in prices that was only checked by
strikes in the Wyoming Valley mining region, which began in July. Overall, the increase over
the year before amounted to some 3 millions tons, and after the strike ended in October prices
hit a low of$2.351A per gross ton on the New York market. Aggressive marketing led to a price
war throughout the Northern markets, driving prices to "but little above cost of production," yet
not low enough to succeed in "driving bituminous coal from the market, though they have, no
doubt, checked the growth of that trade." The Engineering and Mining Journal surmised that
"the growing competition of bituminous coal will also act as a check on the exaction of high
prices for anthracite. " 58
The limits of anthracite coal resources came to public attention in the early 1880s and
although the question of exhaustion at first was "scarcely more .. . than a curious and interesting
calculation," Great Britain had shortly before appointed a commission to report on the "grave and
ponderous" question of the "probable duration of the coal supplies of the country." The British,
or at least some British, felt it serious indeed, "for when Britain coal fields are exhausted her
inherent vitality is gone, and her world-wide supremacy is on the wane." P. W. Schaeffer, in
a paper read before the American Association of the Advancement of Science in August, 1880,
said that some 26 billion tons of anthracite existed in the Pennsylvania beds, of which nearly twothirds was wasted during mining operations. Assuming that production would peak at 50 million
tons annually by 1900, the supply would be exhausted in 186 years, although some 1200 years
of bituminous reserves on the North American continent existed at that rate of production.
Schaeffer's estimate of production in 1900 was close (57 actual vs. 50 estimated), but the peak
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was not reached until 1917, when some 99.6 million tons was mined, after which production
slowly declined. He also emphasized the effects of compounding annual increases, as had been
developed earlier by Professor Jevons in Britain.59
Other communities managed to secure coal without such drama, the norm being
occasional references such as "Coal was introduced into Hanover as a fuel about 1869." Reliable
supply was another matter, for railroads not only delivered coal, but consumed large quantities
in their locomotives and terminal facilities, leading inevitably to conflict during periods of
shortages. In late November 1880, Illinois Central railroad officials confiscated coal consigned
to others "when needed for the company's use." Local residents along the line "concluded that
game can be played by the other side as well," and proceeded to empty coal from several railroad
cars after first laying their money before the company's agent.

"The railroad company,"

reported the Dubuque Daily Herald, "cannot consistently complain."

In mid-December, as

temperatures hovered at ten below zero, farmers in Britt
captured the railroad company's coal house .. . and with firearms handy, loaded their
wagons. They weighed what they took and tendered the company's agent a liberal price,
which he concluded to accept. 60
Communities built in the vast treeless expanses of the Great Plains were often completely
dependent on coal. Laura Ingalls Wilder, living in the small railroad town of DeSmet, South
Dakota in the late 1870s, once drew a picture of a tree for her six-year-old sister Grace, who had
never seen one. Her book The Long Winter describes the blizzards in 1880-81 that blocked the
trains, essentially leaving DeSmet without new supplies of food or fuel from October through
April. The coal ran out quickly and the only fuel available was hay, which Laura and her family
burned to slight effect in their coal stove.61
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Coal and, less often, wood were also used to manufacture gas that was widely used for
illuminating purposes. Although one of the earliest proposals to illuminate London with gas light
also envisioned using the gas for heating, the expense was too great for manufactured gas heating
to become widespread until late in the nineteenth century.

Another type of gas occurred

naturally, and became known as natural gas. It had been used for illumination in China "since
time immemorial" and in Wigan, Great Britain in 1667. Gas was also used in Fredonia, New
York and many other places, becoming widespread after discovery of large pressurized wells near
Titusville, Pennsylvania. In 1875, the Newton gas well, six miles from that town, discharged
three million cubic feet of gas every day at a pressure of from twenty to thirty pounds
per square inch, and for the most part goes to waste. Pipes have been laid to Titusville,
and two hundred and fifty dwelling-houses , shops, etc., are now supplied with the gas
for illumination and fuel. For heating purposes it is admirable, but for illumination it
required to be passed through naphtha, as it is deficient in carbon. If the owners could
satisfy themselves of the continuity of the gas flow, we presume that pipes would be laid
from the well to several of the large cities, such as Pittsburgh, Cleveland, and Buffalo.
By 1877 other wells were in production, including the Delameter well that produced one million
cubic feet per hour, with a heating power "twenty-five percent greater than that of good
bituminous coal." Although these were humble beginnings, we shall see more of gas, natural
and manufactured. 62
The adverse environmental effects of burning coal were known in England not long after
Henry III's 1239 charter permitting the inhabitants of Newcastle to dig for coal.

In 1306

Parliament petitioned the king to prohibit burning the noxious fuel in the city and the following
year a royal proclamation forbade its use by limeburners in Southwarke, for "the air is greatly
infected, to the annoyance of the magistrates, citizens and others there dwelling and to the injury
of their bodily health." The proclamation,
having failed to abate the growing nuisance, a commission was issued to ascertain who
burned sea coal within the city, and in its neighbourhood, and to punish them by fine for
the first offence, and by demolition of their furnaces , if they persisted in transgression.
Even this proved inadequate and more drastic measures were taken. A law was passed "making
it a capital offence to burn sea coal within the city, and only permitting it to be used in forges
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in the neighborhood," and one man was "tried, convicted, and executed for the crime of burning
sea coal in London" during the reign of Edward I (1327-1377), although at the coronation of
Richard II a few years later, coal was purchased by the clerk of the palace. Queen Elizabeth
stayed away from London in 1578 because of the "noysomme smells" of coal smoke and that
same year a Westminster brewer and a dyer were imprisoned for burning coal. A 1623 bill
prohibited the burning of seacoal in brewhouses within a mile of any building in which
the King's court, or the court of the Prince of Wales, should be held, or in any street
west of London Bridge. Although the bill never became law, several brewers were
prosecuted, fined, and forced to abandon their houses, for burning seacoal in the period
between 1635 and 1641. 63
In sixteenth century Paris an edict forbade the burning of mineral fuel upon any pretence
whatsoever. German doctors ascribed apoplexy and other disorders to the use of coal and other
European physicians pointed out the correlation between coal use and high death rates in London.
London's inhabitants produced substantial literature about their dirty air, recording the suspected
causes, effects, and proposed solutions. John Evelyn's 1661 Fumifugium favored the removal
of industry outside London and in 1700 his follower Timothy Nourse wrote "That of all the
Cities perhaps in Europe there is not a more nasty and a more unpleasant place" than London.
Adam Smith in his 1776 Wealth of Nations referred to coal as "a less agreeable fuel than wood"
and therefore the price "must generally be somewhat less than that of wood." Not all were
agreed on the deleterious effects of coal, however, for some insisted that, "far from polluting the
air, coal smoke served to clear and purge it," a point of view repeated by James Mease in 1807
when he wrote:
The city of Richmond, in Virginia, has been referred to as an example of the febrifuge
operation of the smoke of coal; the febrile ailments of its inhabitants having greatly
lessened, since their fires were generally made of this material. 64
An 1814 Pittsburgh publication on coal noted that

63 CalendarofGose Rolls, Edward II, 1302-7, 537; Calendar of State Papers, Domestic, Elizabeth 127, no.
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1:157; James Mease, A Geological Account of the United States (Philadelphia: Birch & Small, 1807), 413;
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The burning of coal has been supposed to contribute to the healthfulness of the cities of
England and Scotland, where pestilential diseases prevailed much more formerly, before
the forests were carefully preserved, than since the general introduction of coal. ... Dr.
Mitchell supposes that coal acts in thus keeping away diseases, by the volatile alkali it
afford in combustion, destroying the acidity which, he imagines, exists in the atmosphere
of cities, arising from the putrefactive processes continually going on.
The authors confessed that they were
by no means convinced, that acidity is the cause of fevers, but that we are fully
persuaded that no volatile alkali is afforded by the combustion of coal.
The "salubrity of places where coal is extensively used" could rather be assigned to carbonic
acid, which "will frequently operate as a healthy stimulus." Likewise, they had "observed that
diseases of the skin are less frequent in coal countries than in others," probably "owing to the
sulphur" which escapes into the air. Concluding,
The salutary effects of the emanations from coal, however ought not to render us
indifferent to the many unpleasant consequences which arise from the excessive
consumption of this fuel in manufacturing towns, such as Pittsburgh. To prevent these
it will be necessary to have recourse to the ingenious meth?ds followed in the
manufacturing towns of England, for the consumption of smoke. 6
The Pittsburgh Gazette of 10 June 1814 called attention to an invention of Boulton and
Watt for "consuming the smoke of furnaces, etc." with a description of English experiences. The
greater impact of smoke on English communities had led them to action. In June 1820 a select
committee of the House of Commons was formed "to consider the practicality of compelling
persons using steam engines and furnaces to erect the same in a manner less prejudicial to the
health and comfort of the public." The merits of this proposal were based on the success of
certain smoke abatement measures implemented by various manufactories, such as that of Mr.
Barnes in Warwick where he had implemented such action so successfully that a visitor "could
scarcely be able to find where the furnace was; and they would perceive no more smoke there
than in any common chimney." Furthermore, it had been done "with scarcely any additional
expense, and with one-third less consumption of fuel. " 66
A public meeting in Leeds in January 1842 complained of the "smoke nuisance" and a
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committee was established to investigate availability of "smoke consumption apparatus" and to
lobby for smoke abatement clauses in the council Improvement Bill. The proposed measures
were opposed by the woollen dyers, who claimed
that no smoke consumption machinery then in use had been successfully used in their
trade. Although it was not disputed that it was possible to control the smoke produced
by steam-engine furnaces, the dyers argued, in a lengthy and cogent presentation of their
case, that they ought to be excluded from the proposed restrictions since such methods
were not applicable to dyeing vats. A compromise was agreed whereby legal proceedings
could not be taken against dyers until the practicability of smoke consumption in their
business had been proved to the satisfaction of a local magistrate.
In Bradford numerous attempts were made to enforce by-laws against smoke, but were defeated
by manufacturing interests on the local council, who crossed party lines to vote on the issue. A
debate in 1850 was quite lively, with a Whig surgeon, Alderman Beaumont, anticipating the day
when Bradford enjoyed "an atmosphere as fine as Cheltenham," but "councillor Golt, whose firm
was among those offending, claimed that smoke kept off fevers, while John Ramsden maintained
that carbon acted as an antidote." As late as 1855 not a single prosecution had been initiated in
Bradford for atmospheric pollution.67
By the 1850s the question of smoke and smoke abatement in Britain had become a
national issue, marked by Parliament's 1853 passage of "An Act for the Abatement of the
Nuisance arising from the Smoke of Furnaces in London." Boiler manufacturers and users
discovered that the proper design and operation could significantly reduce the smoke generated.
In 1854 the Journal of the Franklin Institute reported on a London firm that,
Having complaints from their neighbors of the volumes of black smoke emitted from the
engine-chimney, and having been served with a notice from the authorities in the City
to abate the nuisance, they had adopted Mr. Lee Stevens's furnaces.
The new furnace used in this case, one of several marketed specifically to reduce smoke, also
reduced fuel use and was easier to start up and operate. 68
The London Smoke Abatement Act was similar to an act passed two years later to abate
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smoke in Scotland which required that
Every furnace employed or to be employed in the working of engines by steam, whether
locomotive or otherwise ... shall in all cases be constructed or altered so as to consume
or burn the smoke arising from such furnace ...
Maximum penalties of £5 for the first offense could be doubled for each subsequent offense and
enforcing officials were permitted to exercise discretion as to whether a person had constructed
or altered the offending furnace the reduce the smoke "as far as possible." If it appeared that
the cost "to alter or amend" any furnace would "exceed the sum of twenty-five pounds," the
local authorities .could not proceed further, although new proceedings could be instituted.69
An 1855 study by the Board of Health analyzed the smoke reduced by the act. Among
the twelve conclusions reached were:
The employers of furnaces labor under great difficulty as to the best and most
economical use of fuel, because ordinary makers of furnaces seem to be guided in their
construction by little better than empirical rules, instead of acting upon well established
scientific principles, or the results of accurate experiments.
That notwithstanding this great difficulty, many persons have succeeded in
entirely preventing the escape of visible smoke ...
That notwithstanding the obvious advantages of perfecting the combustion of fuel,
such is the indisposition of practical men to depart from the beaten track, that nothing
but the force of law is likely to ensure the care and attention necessary to protect the
public...
An official "inspector of smoke nuisances" had been appointed in London and the results of
constant and watchful supervision combined with "gentle legislative pressure" produced results
"too remarkable and undeniable to be questioned ." 70
While smoke restrictions had some effect, the 1863 London Coal and Wine Duties Act
taxed
every ton of coal which enters the metropolitan area contained within a circuit of twenty
miles in a direct line from the General Post Office, whether brought by canals, railways,
or the Thames
at the rate of "slightly more than a shilling, or more than twice the amount of royalty which
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many proprietors of coal receive." London manufacturers, who pointed out that English coal was
exported to France duty-free while they paid enormous levies, asked
whether the coal which we sell to foreigners will not bring more gain to the nation in the
end that if it were allowed to remain for a long period underground. 71
Different schemes to reduce smoke and coal use continued to be proposed. Peter Spence,
a well known chemical manufacturer, brought attention to a scheme of removing smoke through
existing sewage systems, converging "to a point, where an immense chimney, at least six hundred
feet high, would be erected to discharge these gases into the atmosphere." Spence also proposed
a "totally different direction in which we may not unreasonably hope for a saving in coal,"
replacing domestic fires with a system of distributing "heat, or the means of generating heat, to
our houses pretty much as we now lay on gas." Although this would involve " a considerable
amount of architectural reconstruction," it may be possible to consider "whether heated air might
not be conveniently supplied from one source, say to a row of houses; and if so, from various
sources to an entire town. "72
Yet another smoke prevention idea came from Professor Osborne Reynolds in his
presidential address to the Scientific and Mechanical Society of Manchester, where he pointed out
that a
great part of the smoke is produced by the furnaces of small steam-engines carelessly
managed, which are numerous throughout the town and neighbourhood, and suggested
that it might be possible to do away with these by producing power at some great central
establishment, and supplying it by transmission to all the little factories of a district. But
how is the transmission to be effected?
Although the question had often been considered by engineers, "not so much as a means of
preventing smoke, but because there are in our towns numberless purposes for which power is,
or at all events might be, usefully employed." "If," Reynolds continued, "power in a convenient
form could be obtained whenever and wherever required, at a fixed and reasonable charge, and
with no other trouble than the .. turning of a tap, it would be largely made use of," with a
solution only wanting for some competent engineer. "Let the genius but arise, he will find fame

71 "Coal and Smoke," London Quarterly Review, American Edition, 119 (April 1866): 249, reprinted in
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as well as fortune awaiting for him. "73
In the meantime, the president of the Royal Meteorological Society computed that the five
millions tons of coal burnt in London each year "suffices to raise the temperature of the air two
degrees immediately above the metropolis." Not only did "some invalids find it better for their
health to reside in London during the winter rather than in the country," but the prevailing winds
permitted Essex and the valley of the Thames ,below London to "profit by this adventitious
warmth," even if London's air, "even in the suburbs proves, as might be expected, exceedingly
impervious to the sun's rays. " 74
Although American technical publications such as the Journal of the Franklin Institute,

Scientific American, and Van Nostrand's Engineering Magazine continued to publish British
articles about smoke abatement, the first article on the subject originating in America appears to
be an 1880 description of a $500 cash premium offered by the Board of Commissioners of the
1879 Cincinnati Industrial Exposition "for the best furnace system for steam boiler use, designed
to burn bituminous coal without smoke." Some American cities made attempts at this time to
regulate smoke, but generally did not find great success until the turn of the century. At least
one city, Milwaukee, had an effective smoke abatement program that caused difficulties for one
steam supply company, as will be examined in some detail at a later point. 75
The subject of smoke abatement in America can be dated to Franklin's 1744
announcement of his new fireplace, which among other benefits would reduce smoke, although
he deferred to
Physicians to say, how much healthier thick-built Towns and Cities will be, now half
suffocated with sulphury Smoke, when so much less of that Smoke shall be made, and
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the Air breath'd by the Inhabitants be consequently so much purer.76
As we have seen, traditional fireplaces were "four or five times less efficient than the
closed cast-iron stoves of the Pennsylvania Germans." The differences in heating technology and
fuel consumption by German and English colonists undoubtedly were brought by them across the
Atlantic. The ever observant Franklin had noted these differences in Europe and refuted the
English belief that "warm rooms make people tender and apt to catch cold" by the experience
of Sweden, Denmark, and Russia:
These Nations are said to live in Rooms, compar'd to ours, as hot as Ovens; yet where
are the hardy Soldiers, tho's bred in their boasted cool Houses, that can, like these
People, bear the Fatigues of a Winter Campaign in so severe a Climate, march whole
Days to the Neck in Snow, and at Night entrench in Ice, as they do?
. Franklin, hot on the topic, added that
The Mentioning of those Northern Nations put me in Mind of a considerable Public
Advantage that may arise from the general Use of these Fire-places. It is observable, that
tho' those Countries have been well inhabited for many Ages, Wood is still their Fuel,
and yet at no very great Price; which could not have been if they had not universally
used Stove, but consum'd it as we do, in great Quantities by open Fires. By the Help
of this saving Invention, our Wood may grow as fast as we consume it, and our Posterity
may warm themselves at a moderate Rate, without being oblig'd to fetch their Fuel over
the Atlantick.
And if better health, greater comfort, and saving forests for posterity was not enough, his stove
did more, although he left
it to the Political Arithmetician to compute, how much Money will be sav'd to a
Country, by its spending two thirds less of Fuel; how much Labor sav'd in Cutting and
Carriage of it; how much more Land may be clear'd for Cultivation; how great the Profit
by the additional Quantity of Work done, in those Trades particularly that do not exercise
the body so much~ but that the Workfolks are oblig'd to run frequently to the Fire to
warm themselves.'7
Franklin thus in 1744 clearly drew several distinctions between wise and wasteful use of
energy, among which were its ultimate effect on "our Posterity." Seventy years later Jacob Cist,
an advocate of anthracite coal, remarked on the soft coal smoke which polluted London air and
believed that "anthracite would help keep Philadelphia and other American cities clean." As an
added social benefit, clean burning anthracite "totally eliminated work for a created class of

76Franklin,

Papers, 2:441.

77Franklin,

Papers, 2:440-5.

53

unfortunates, the chimney sweepers. " 78
In general, complaints about smoke seem to follow the introduction of bituminous coal
into a community. Pittsburgh's 1790 population of 376 "kept in so much smoke and dust, as to
affect the skin of the inhabitants. " Though hardly alone in its condition as bituminous use
increased, Pittsburgh seem to revel in the attention paid to its opaque atmosphere. John Bernard
in 1800 ("A cloud of smoke hung over it in an exceedingly clear sky"), Charles Dickens in 1842
("It certainly has a great deal of smoke hanging over it") and Anthony Trollope in 1862
("Without exception the blackest black which I ever saw") were but three notable commentators
on Pittsburgh's smog, which although some citizens had tried even before 1800 to ameliorate with
a "general and spontaneous" adoption of "some plan for smoke abatement," appeared willing to
accept the effects as the price of prosperity .79
As bituminous coal gained a significant market percentage during the nineteenth century,
the problem, and the resulting environmental debate, became more acute. As had been predicted
by Franz Kessler in 1618, improved technology could save the fuel used by a single stove or
furnace, but the net effect would be an enormous increase in fuel consumption because more
people could afford it. The introduction of the Argand stove in 1873, for instance, is credited
with the rapid increase in coal and wood use in Detroit after that year. Heating fuels, in addition
to creating smoke and reducing forests, had other effects on the environment, including delivery
and storage of wood and disposing of ash . And, if all of these problems could be overcome,
householders were advised that
Furnaces for heating dwellings should never be made of cast-iron, as if generally the
case, for the reason that the unhealthy gases of combustion-carbonic acid and carbonic
oxide-readily permeate such iron when hot, and are thus distributed through the
dwelling to the great detriment of health. The furnace should be made of wrought iron
exclusively ... and, indeed, it is quite time that more regard was paid to the character of
the air we breathe in our dwellings, school-rooms, and public buildings. 80
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Steam and hot water became more widely used to heat individual buildings, business
blocks, and factories . Although these systems were a vast improvement over wood- and coalfired stoves, fuel still had to be delivered to each building, fed by hand into the firebox, and the
ashes periodically hauled away for disposal. Confining the heating combustion to a single and
usually separate room greatly reduced the risk of fire, although fuel and warm ashes were often
stored in close quarters and caused many fires. Even if the fire risk could be reduced, steam
boilers always carried the potential of sudden and deadly explosion.
Numerous improvements were made to individual building heating systems in the
nineteenth century. In America Daniel Pettibone introduced his heating system into several large
build\ngs and obtained approval in 1811 to install such a system in the U.S. House of
Representatives, although the War of 1812 probably prevented its installation. Pettibone wrote
in his 1812 Economy ofFuel that he had used steam in several prior systems, although the earliest
record of an American system is the 1812 use of exhaust steam by a mill in Connecticut.
Pettibone also observed that "heat, transported by steam, may be applied to heat water at a
considerable distance from the fire. " 81
A hot water system for greenhouses similar to Martin Triewald's was introduced into St.
Petersburg, Russia about 1812 and in 1815 the Marquis Jean Baptist Marie Fr&teric Chabannes
introduced Bonnemain's method of hot water heating into England, but "claimed the merit of
being its inventor." Chabannes proposed to use the kitchen fire for heating the entire house, as
had William Cook in 1745. In 1845 Robert Meikleham wrote that
the Marquis had a clear notion of the mode of action of his apparatus; yet being ignorant
of some practical niceties of construction and arrangement, on which its effect often
depends, but which could perhaps only have been acquired by experience, he did not
succeed in establishing a popular reputation for his system.82
An excellent reputation was earned by the high temperature hot water system of Angier
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Figure 10 - A. M. Perkins's 1831 high temperature hot water system. Source: Charles James
Richardson, A Popular Treatise on Warming & Ventilation of Buildings. 3d ed. (London: John Weale,
1856), 42.

56

March Perkins, awarded a British patent in 1831. Son of famous inventor Jacob Perkins, Angier
Perkins took the basic feature of Bonnemain's system, using convection to circulate water in a
closed loop, strengthened the pipe and raised the water temperature to increase the heating effect.
Although operated at very high temperatures (300 to 600°F) and pressures (300 to 3000 psig),
the Perkins system (Figure 10) had no moving parts, used pipe built by a firm that also built gun
barrels, and, being completely sealed, was not susceptible to corrosion. Many Perkins systems
"lasted into the 1930s, and were removed solely to make way for more modern concepts of
comfort heating." The system was made quite efficient using heat that would otherwise be lost
up the chimney to warm the returning water before it entered the main firing chamber. Perkins
also used multiple small furnaces to heat water, allowing flexibility and efficiency by allowing
one or more to be used as necessary. Apparatus using twelve small furnaces was installed at the
Exotic House of the Royal Gardens at Kew in 1837, and that same year a system was installed
in the British Museum with "upwards of five miles of one inch tubing placed in various parts of
that building heated by twenty-four furnaces, all of which answer the purpose perfectly." Others
"enjoyed considerable popularity for heating of churches, museums, libraries, manors, and
private and government offices in Britain and continental Europe." Charles Babbage had one
installed at his house in Manchester Square and used automatic regulators on both the inlet and
outlet of the furnace.

The Archbishop of Canterbury had a Perkins apparatus installed in

Lambeth Palace around 1831 and was so well satisfied that installed a second in the chapel and
a third in his private library. An American by birth, Perkins had installed a system in the
residence of Boston merchant Colonel Thomas Handasyd Perkins (no relation) before obtaining
a U.S . patent in 1839. Perkins apparatus was installed at the Philadelphia Penitentiary before
1840, while James J . Walworth and his brother-in-law Joseph Nason introduced it in New York
City in 1842 at the 15 Ashburton Place estate of Ebenezer Melleken, which was reported to be
"doing good work" forty-seven years later. 83
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Perkins was very successful in selling
his heating apparatus and listed more than 160
installations in an 1840 pamphlet (fable 2
lists those in public buildings).

Numerous

variations on these basic systems appeared,
but with a few exceptions all served a single
building. During the 1830s London architect
Sir Sydney Smirke proposed a plan to build
worker housing which incorporated the
suggestion of engineer Sir Marc Isambard
Brunei that
the laying on a heat supply to a long
range of dwellings by Mr. Perkins'
system from one common source, a
contrivance which, if perfected,
would be of inestimable importance
in London where the high ~rice of
fuel is a burthen to the poor. 4
The Perkins system was very popular
in Europe and according to French scientist
and engineer

Eug~ne

Peclet could transmit

circulating water up to 450 meters from the
boiler and heat 6,000 and 7,000 cubic meters
of space.

Although literally hundreds of

Perkins systems were installed, none is known
to have served more than one building,

Table 2 - Public buildings with Perkins heating
apparatus, 1840.
Source:
A. M. Perkins

Improved Patent Apparatus for Warming and
Ventilating Buildings (London: J .B. Nichols,
1840), 27-28.
The British Museum (24 Apparatuses) . . . . London
The Soane Museum, Lincoln's Inn Fields .. London
The Zoological Museum, Leicester Square . London
The Gallery of Practical Science . . . . . . . London
The Chapel Royal, Whitehall . . . . . . . . . London
The Chapel Royal, St. James's . . . . . . . . London
Lincoln's Inn Chapel . . . . . . . . . . . . . . London
Gray's Inn Chapel . . . . . . . . . . . . . . . . London
St. Andrew's Church, Holborn . . . . . . . . London
St. Margaret's Church, Lothbury . . . . . . . London
House of Lords, Library . . . . . . . . . . . . London
The Lord Chancellor's Court . . . . . . Westminster
The Vice Chancellor's Court . . . . . . Westminster
Lincoln's Inn Hall . . . . . . . . . . . . . . . . London
Inner Temple Hall . . . . . . . . . . . . . . . . London
The Excise Office . . . . . . . . . . . . . . . . London
The General Penitentiary . . . . . . . . . . . Millbank
Sessions House, Old Bailey . . . . . . . . . . London
The Police Station, Bow Street . . . . . . . . London
The Police Station, Tower Street . . . . . . . London
The Police Station, Vine Street . . . . . . . . London
The Police Station, Marylebone . . . . . . . . London
The Atlas Assurance Office . . . . . . . . . . London
The Legal and General Assurance Office . . London
The Metropolitan Bank . . . . . . . . . . . . . London
The General Register House .. . . . . . . . Edinburgh
The New Justiciary Court ... . . . ... . Edinburgh
The National Bank of Scotland . . . . . . . Edinburgh
The Royal Bank of Scotland . . . . . . . . . Edinburgh
The North British Insurance Office . . . . Edinburgh
The Bridewell . . . . . . . . . . . . . . . . . . Glasgow
Keswick Church . . . . . . . . . . . . . . Cumberland
Putney Church .. .. . . . . . . . . . . . . . . . Surrey
Thorpe Church . . . . . . . . . . . . . . . Staffordshire
The Friends Meeting House . . . . . . . . . Peckham
The Friends Meeting House . . . . Stoke Newington
The Register Office, St. Mary's . . . . . Newington
The Town and District Bank . . . . . . Birmingham
The Union workhouse . . . . . . . Melton Mowbray
The Goal and Court House . . . . . . . . . . . Dover
The Penitentiary, Philadelphia . . . . . . United States

probably from horizontal distance limitations
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of natural convective circulation. 85
s

The high pressure pipes used in the Perkins system
occasionally ruptured, but not with the explosive force of
a steam boiler explosion. Other inventors preferred low
temperature (± 180°F) hot water similar to Bonnemain's
design, including Charles Hood, Francis Bramah, and
Thomas Tredgold.

In Hood's system (Figure 11)

convective circulation was sometimes difficult to start and
he suggested that "a small suction-pump be attached to the
upper pipe" could be used to draw the hot water from the
boiler. Such a pump "is, however, by no means a desirable
addition to the apparatus, when it can possibly be avoided;
for not only will it be more liable to derangement, but

Figure 11 -Charles Hood's 1837
low temperature hot water
system. Source: Cyclopedia of
Useful Arts, s.v. "Warming and
ventilating."

greater attention will be necessary in setting it to
work. " 86
Increasing the distance hot water could be
transmitted required mechanical pumping at a constant
pressure, a feat requiring a rotary or centrifugal pump. In
1832, Charles Augustin Busby patented for a means of
"producing the circulation of fluids through pipes , cisterns
or other vessels, applicable for warming or cooling the
interior of buildings." This device, known as "Eckstein
and Busby's Patent Circulator, or Rotary Float," is
described by Hood as an invention "by which centrifugal

force is made to overcome the force of gravity, in the

85E.

Figure 12 -Busby's 1832 rotary
float circulator for hot water
Source:
heating systems.
Charles Hood, A Practical
Treatise on Wanning Buildings
by Hot Water
(London:
Whittaker & Co., 1837), 149.

Peclet, Traite de Ia Owleur (Liege: D. Avanzo, 1844), 3d ed., 582-3.
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circulation of hot water." The circulating pump (Figure 12) was powered "by means of a fly,
similar to a smoke-jack, which is placed in the chimney and is turned by the smoke of the fire
that is used to heat the boiler." Busby's pump would have worked quite well in smaller systems,
although Hood noted that it had "hitherto been but little used. " 87
The earliest known low temperature hot water district heating system was installed in
1875 at the Banstead Downs lunatic asylum in the county of Middlesex by Sir Frederick Joseph
Bramwell, a year before Birdsill Holly began district heating experiments in Lockport, New
York.

According to Bramwell's August 1877 report to the British Association for the

Advancement of Science, the system
extended over many acres, comprising as it did numerous separate "blocks," as they are
technically called, for the reception of the patients, for infirmaries, the administration
department and other purposes. In order to obtain economy and simplicity in
management, it was desirable that the whole of this extensive acreage of buildings should
be heated and supplied with hot water for baths and other purposes from one source of
heat. It was well known that in a single house, or even in a single large building, the
circulation of hot water could be automatically maintained by the mere difference in
gravity between the hotter ascending column of water and the cooler and heavier
descending column. The power thus obtained, however, was wholly inadequate to cope
with the thousands of yard-miles, indeed-of pipes at Banstead. To overcome the
difficulty and to enable the building to be to be warmed and supplied from a single
source of heat, the author had devised the plan of placing in the engine room a
centrifugal pump, which forced the water along the outgoing main and exhausted it along
the return main. These mains were conveyed side by side in trenches throughout the
whole enormous establishment. They were not connected at their ends, but at each block
of buildings a pipe, controlled by a valve, led to the whole of the heating coils therein,
the outlet pipe from this system of coils being united to the return main. Thus the water
circulates through each block with the velocity due to the difference of pressure between
the outgoing and the return mains,. instead·of circulating with the feeble velocity arising
from a mere difference in temperature. It would be seen that there was practically no
waste of fuel in the employment of steam to work the centrifugal engine, because the
waste steam of the engine was used to aid in heating the water. The author of this paper
proceeded to point out how this system of forced circulation would render it possible to
lay on to groups of buildings, such as streets of workmen's dwellings, a supply of hot
water for heating their dwellings and for washing purposes.
The Banstead Downs heating system represented a significant technological advance, and was
built and operating successfully two decades before American inventors and entrepreneurs
discovered the benefits of low temperature hot water heating for district heating. This will be
the only mention of low temperature hot water district heating in the immediate study, as it was
not introduced in the United States until in the mid-1890s by Toledo inventor-entrepreneur Homer

87British patent6266, 15 May 1832; Hood,A Practical Treatise on Wamring Buildings by Hot Water, 148-9.
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T. Yaryan. It is indeed unfortunate that Bramwell was only an inventor and engineer, for had
he also been an entrepreneur his system could have had a profound effect on heating systems.
As it was, the system received little notice and no attention.88
In America, the use of steam heating appears to coincide somewhat with the adoption of
coal as a primary fuel, as had been the case in Britain. Although numerous systems appeared
before the 1840s, steam systems were not aggressively marketed until1845 or 1846, when Joseph
Nason, who was already marketing Perkins' hot water system, "conceived the idea of using small
wrought iron pipes, three quarters to an inch in diameter for warming buildings with steam,"
which he applied to the Eastern Hotel in Boston and the Burlington, Vermont Woolen Mill.
Thomas F. Tasker, Sr. of Philadelphia introduced in 1846 a closed apparatus for returning the
condensate to the boiler and his firm, Morris, Tasker, and Morris (later Morris, Tasker and
Company) became very active in both steam and hot water heating, and also manufactured the
first wrought-iron pipe made in the United States. A short summary of the one invented and
marketed by Stephen J . Gold in 1854 will serve to acquaint the reader with the essential features
of them. Gold utilized a coal boiler (Figure 13) placed "in the cellar or some lower room, and
varying in size and capacity according to the amount of heating surface it is required to furnish ."
The system used low pressure (one to two pounds per square inch gage, or psig) to avoid the
explosion and fire potential of high temperature steam or hot water in small pipes. The boiler
(Figure 13) was equipped with with an automatic water feed valve (K) and three devices to
prevent high pressures from forming within the boiler. The first was the principle pressure
regulator (E) that opens and closes the lower door (M) controlling the draft to the fire. If the
pressure for any reason rises too high, the second regulator (F) will open the upper door (L) to
reverse the draft, "causing it to pass over the fire," which will "deaden the fire at once, and stop
the generation of steam." If this also fails to reduce the pressure, the third regulator (D) will

88Frederick J. Bramwell, "A New Mode of Circulating Hot Water through very Large Buildings, and a
Upon a New Mode of Softening Water, as carried out at the new lunatic asylum (the third) for the county of
Middlesex, situated on Banstead Downs, in Surrey," a paper read before the Mechanical Science Section of the
British Association for the Advancement of Science meeting at Plymouth in August 1877. A summary of the
paper, which was not printed in the meeting transactions, can be found in The Metal Worker 8 (22 September
1877), no. 12:1.
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Figure 13 - Stephen J. Gold's 1854 Low Pressure Steam Heating Boiler. Source: New York Steam
Heating Company, Gold's Patent Low Pressure Steam Heating Apparatus (New York: W. H. Arthur,
1859, 6.
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open a steam relief valve and allow the steam to escape through pipe (1), at which time "Any

further accumulation of steam and increase of pressure is utterly impossible." The New York
Board of Fire Insurance Companies offered a ten percent discount "on the premiums of all risks"
where the Gold system was adopted, while rates were increased where hot air furnaces were
used, based on reports of the New York Fire Marshal that "two-thirds of the fires in New-York
city are traceable to the use of Hot-air furnaces. " 89
Gold gave exclusive rights to manufacture and sell his system to local distributors such
as the New York Steam Heating Company. The New York firm included several testimonial
letters in an 1859 pamphlet, including one from Benjamin Silliman, Jr., professor of chemistry
at Yale University, who heated "40,000 to 45,000 cubic feet" with 14 tons of anthracite coal,
or "about 120 lbs. per day of twenty-four hours." In the most severe weather 200 pounds per
day were required and in mild weather less than 100. Lewis M. Mills, one of Gold's first
customers, heated more than 47,000 cubic feet at an average consumption of 100 pounds per day
during the winter. Thomas J. Mooney, pastor of St. Bridget's Church, used Gold's apparatus
to heat his school house "in which are convened a thousand scholars." Henry E . Richards had
burned 50 pounds of coal a day in 1854 and only 36 pounds the following year after installing
the system. The New York Steam Heating Company listed about a hundred customer references,
including banks, insurance companies, physicians, schools, museums, and the Military Academy
at West Point. 90
Another Gold manufacturer/distributor was the H . B. Smith Company, a Massachusetts
stove manufacturer that in 1859 acquired "the exclusive lease" to the Gold system "for the four
western counties of Massachusetts" for $500 and a royalty of 10 percent on the first $15,000
worth of sales. The history of the H . B. Smith Company has been ably written by Susan Reed
Stifter, daughter of John Richard Reed, company president from 1879 to 1907. The H. B. Smith

89Dwyer, "Stoves and heating apparatus," 363; New York Steam Heating Company, Gold's Patent Low
Pressure Steam Heating Apparatus (New York: W. H. Arthur, 1859), 7-15.
90Ibid., 21-39. Professor Silliman is best known for his analysis of the "rock oil" that led to the first oil
well in 1859. See Daniel Yergin, 111e Prize: 111e Epic Quest for Oil, Money and Power (New York: Simon
& Schuster, 1991), 19-22.
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Company obtained the Gold patent rights for the entire country in 1864, paying royalties of 5%
to William Foskett and Stephen Gold. The patent was extended in 1873 and the Smith company
paid $400 and $1400 annually to Gold and Foskett respectively. In October 1876 title to the
patents was purchased from Foskett for $1500. The Union Steam and Water Heating Company
was organized in 1863 to market the system. An 1869 pamphlet of the marketing firm lists such
customers as the Library of Congress and the United States Supreme Court in Washington and
Cornelius Vanderbilt in New York City. An 1872 edition notes that Yale purchased boilers for
eight buildings (Sheffield Scientific School, Durfee, Farnham, North College, North Middle
College, Atheneum, Art School, and Peabody Museum). The July 1871 installation in Durfee
cost $8,100 and the October 1872 Sheffield system cost $8,000. 91
The problems of fire and explosion were not confined to buildings, as both marine vessels
and railroad passenger cars faced similar situations. The technology of heating and lighting
conveyances was substantially identical with that found in buildings, with heating provided by a
wood or coal stove in the car and lighting from liquid-fuel lamps. While such devices could be
upset without great difficulty in a building, as amply demonstrated by Mrs. O'Leary's cow, they
became particularly deadly when the conveyance itself became upset, when overturned stoves and
broken lamps could easily ignite the wooden structure and cause a post-accident fire, roasting
dazed or trapped passengers unable to escape.

Although this danger was well documented,

accident investigators for many years focused on the initial accident cause, ignoring the
opportunity to save lives lost in post-accident fires. In the Ashtabula train wreck of 29 December
1876, for instance, over ninety people died, mostly from fires caused by overturned stoves and
lamps. The resulting investigation, however, makes scant mention of the fires, much less attempt
to determine their cause or prevention. 92
Continuing deaths from railway car fires and the failure of car manufacturers and

91 Susan Reed Stifter, The Beginnings of A Centwy of Steam and Hot Water Heating by The H. B. Smith
Company (Westfield, Massachusetts: H. B. Smith Co., 1960). Stifter received a doctorate in history from the
University of Illinois in 1913.

92"Railway-car Heater" and "Railway-car Stoves" in Knight's American Mechanical Dictionmy (New York:
Hurd and Houghton, 1876), 1866-7; for Ashtabula wreck and investigation see Engineering News 4 (1877),
passim.
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railroads to prevent them caused a public outcry that eventually resulted in legislative action, as
in New York where
It shall not be lawful for any steam railroad doing business in this State, after the first
day of May, 1888, to heat its passenger cars ... by any stove or furnace kept inside the
car or suspended therefrom.
Although exempting mixed trains and railroads "less than fifty miles in length," the law "compels
the adoption of some form of steam heating from the locomotive." Similar laws also prohibited
the use of liquid fuels in lamps, leading to the use of gas and eventually electricity for lighting.
Much frustration was expressed over the long period of official inaction, since European, and in
particular Pruss ian, railways had adopted steam heating some two decades earlier. 93
While replacing stoves with steam reduced fire risk and removing steam boilers from the
immediate vicinity of occupied spaces, whether in a building or conveyance, reduced the risk of
explosion, steam itself could be used as a fire suppression agent. The merits of steam in fighting
fires in ships and oil facilities had been demonstrated in several incidents, such as the fire in an
immense oil tank in Oil City whose proprietor offered $500 to extinguish it. A "philosophic
mechanic" accepted the offer and quickly smothered the fire with steam from a nearby boiler.
In 1885, C. John Hexamer reported to the Franklin Institute that "live steam is one of the best
agents we possess for estinguishing fires in small enclosed compartments. " 94
A year after the Boston fire John A. Coleman of Providence, Rhode Island, patented
a system for supplying steam or steam and water from a station to buildings throughout
a city or district for extinguishing fires, the steam also being employed for motive power,
heating purposes, &c.
In Coleman's system (Figure 14) steam was generated in boilers "located in the basement of one
of the buildings, or in some other central position." This had several advantages, for
by concentrating a large number of boilers in one place under the control of first-class
engineers, instead of scattering them in various buildings under management more or less
indifferent, all risk of fire will be removed, while an immense saving in the salaries of
engineers may be effected and great efficiency secured, as well as a saving of all care and
trouble to the occupant of the building. Steam for motive power, &c., will be constantly

93 Fifth Annual Report of the Board of Railroad Commissioners of the State of New York, (froy: The Troy
Press Co., 1888), xix-xx, 6-20; Journal of the Franklin Institute,
94

Metal Worker 7 (9 June 1877): 287; Journal of the Franklin Institute 71 (March 1861): 204; C. John
Hexamer, "Means for ExtinguishingFires,"in ibid., 120 (August 1885): 125.
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u
Figure 14- Detail from John A. Coleman's 1873 steam distribution system patent. Source: U.S. Patent
141,031, 22 July 1873.

maintained in the b~yers, and will, therefore, be ready for instant use night and day
throughout the year.
The distribution system consisted of three pipes "placed within a brick conduit or tunnel, built
under the street." The first was a steam supply pipe, extending
through the various streets of the district in the same manner as the ordinary water and
gas pipes, and is intended to be covered with felt or other suitable material to retain the
heat, and prevent the condensation of the steam and consequent reduction of pressure.
The steam supply was connected with a "series of perforated pipes or sprinklers" controlled by
valves on the outside of the building, "through which steam can be forced into any room to
extinguish a fire therein." Other branch pipes were provided for furnishing steam for motive

95

u.s. Patent 141,031, 22 July 1873.
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power and heating purposes.
The second distribution pipe carried water which was used in place of the steam "when
the fire has gained too much headway to be extinguished thereby." Control of the water and
steam was again through a series of external valves "inclosed within an iron box or casing
provided with a lock and key." Water pressure would be maintained by one or more steam
pumps which would be operated "when occasion requires ." The water supply pipe and the steam
pumps could be dispensed with when the "head or pressure of water in the ordinary city service
pipes be sufficient. " 96
A third pipe was installed under the street to return "the water of condensation from the
steam heating or cooking apparatus" to the boiler plant for reuse. Although Coleman's system
anticipated much that followed, with the exception of covering the steam pipe with "felt or other
suitable material" he completely ignored the basic problems of steam distribution. Apart from
the patent itself, the only mention found of Coleman's system is an 1878 article on the Holly
steam system in Appletons' Annual Cyclopedia which noted that
Among the inventions offered for that end was that of Coleman for steam-heating from
a central source, quite similar to the Holly plan, but never carried into effect. 97
Steam could also be used to heat multiple buildings, and an 1848 idea proposed to "utilize
the waste steam from mill engines for the heating of bath water for the poor of Birmingham."
Another proposed the use of hot air supplied from a central source, principally to reduce smoke
from individual stoves. Neither of these proposals was apparently put into use, but exhaust steam
was used for a variety of purposes, such as the following 1847 French account:
A manufacturer who has a steam engine which discharges much waste steam, conceived
the idea of using it to raise pine apples. The steam was introduced under the root of the
plants, and the heat and moisture united, acted so powerfully, that the pine-apples soon
ripened; while the body of the plant being exposed all day to the open air, assumes a
healthy and agreeable taste, which renders the fruit far superior to those which have been

96

u. S. Patent 141,031.

97 "Holly System of Steam-heating," Appletons' Annual Cyclopedia and Register of Important Events of the
Year 1878 (New York: Appleton and Company, 1879), 421.
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ripened in hot houses. 98
Another district heating scheme was proposed by Wilhelm Zublin, who
first thought of district heating during the period 1868 to 1872, when he was in Warsaw
and involved with the manufacture of steam engines and he considered that the exhaust
steam could be used for heating. He went to Sulzer Bros. in Winterthur, Switzerland,
in 1872 and initiated studies for district heating in four suburbs of Zurich with the cooperation of the Municipality's chief engineer.
Ziiblin (1846-1932), a Swiss engineer, wrote a book in 1922 that detailed his plans for the four
districts and an evaluation of the potential for establishing district heating in Winterthur, London,
Paris, and Zurich . . No reference to Ziiblin has been found in any American work and his book
has apparently never crossed the Atlantic, making it unlikely that it had any influence on
American inventors. These early attempts were not recognized in the early pamphlets issued by
the heating companies, but the Holly Steam Combination Company in 1880 noted that "many and
costly efforts have been made in several European cities to introduce it without success. " 99
Clearly the most pressing need for better heating systems was in large institutions. Given
the ingenuity of mechanics, it should come as no surprise to find that many such institutions had
managed to build rather complex heating systems, although these were little more than overgrown
individual building systems. Before Birdsill Holly installed the first commercial district heating
system in 1877, such places as the Central Branch of the National Home ·for Disabled Volunteer
Soldiers in Dayton, Ohio, the U.S. Military Academy at West Point, Princeton University and
Columbia University had. steam heating systems that served multiple buildings, and it is likely
that other examples exist. At West Point, for instance, the Board of Visitors in their 1859 report
said:

98Charles James Richardson, A Popular Treatise on the Wanning and Ventilation of Buildings, 2nd ed.
(London: J. Weale, 1839); Penny Encyclopedia; Both cited in A. E. Haseler, District Heating: an annotated
bibliography, 2nd ed. (Croydon: Property Services Agency, 1977), ix; "New Use of Waste Steam," Recueil
de Ia Societe polytechnique (February 1847): 135, translated and quoted in Journal of the Franklin Institute 45
(Apri11848), 277. The Penny Encyclopedia is probably C. Knight's National Cyclopedia of Useful Knowledge,
since Knight's Penny Magazine was not published after 1846.
99 Wi!helm Ziiblin, Zentralisieren von heizungsbetrieben in ortschaften und stadten [Centralisation of heat
supplied in suburbs and towns], (Winterthur, Switzerland: Winterthur Press, formerly G. Binkert, 1922), quoted
in Alfred Ernest Haseler District Heating: An annotated bibliography 2nd ed. (Croydon: Property Services
Agency Library Service, 1977), 2; For Ziiblin's biography see Dictionnaire Historique & Biographique de Ia
Suisse (Neuchatel: Administration du Dictionnaire Historique et biographique de Ia Suisse, 1933) 7:484; Holly
Steam Combination Company, I11ird Annual Announcement (Lockport: Journal Book and Job Printing House,
1880), 10.
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We would now call the attention of the department to the present system of heating the
public buildings. The cadet barracks are now heated by air furnaces below, with flues
leading to the different rooms . Under this system it is impossible to regulate the
temperature of a room; it varies even with the direction of the wind. In cold weather,
whilst some of the cadets are suffering from heat, others complain bitterly of the cold.
The natural consequence is, that there are at all times from twenty to thirty cadets
confined to the hospital with headaches, colds, catarrh, &c., which the superintendent
informs the committee is attributed by the surgeon entirely to this cause. Whilst on this
subject the committee would remark that the library, including the philosophical
apparatus and observatory; the academic building, including all the models of civil
engineering, of descriptive geometry, artillery, and cavalry; also the entire cabinet of
minerals, the chemical apparatus, and gallery of drawings, are all heated by stoves,
which in cold weather are frequently heated red hot. The danger from such a system is
too obvious to require argument or comment; and when it is born in mind the vast
amount of public property at stake, the committee. would respectfully suggest that all of
these buildings be heated by steam, or in some other way that suggests itself to the good
sense and better judgment of the department. 100
The Academy Superintendent, Colonel Richard Delafield, requested the sum of $2,750
in his budget request for fiscal year 1860, adding that
During the past year a warming apparatus was tested in the recitation rooms used by the
Professor of Philosophy. It proved very satisfactory, combining pure air never
overheated, yet warm enough during the coldest days of last winter. The present
arrangement, in all other parts of the building, is that of iron stoves in each room, the
air of which, when occupied by from 10 to 15 cadets for 1 1/z to 2 hours, becomes
offensively impure-an evil it is hoped to remedy by extending the low pressure steam
apparatus advantageously commenced, and which removes all danger from fire in the
large building, containing much valuable apparatus, models, minerals, &c.
Delafield was probably describing the Gold apparatus mentioned earlier, but the item was struck
from the budget by Congress. Delafield requested it again for fiscal year 1861 and it was
included in the approved appropriation. Another $3,000 was requested in 1862 and for $22,830
in 1863 "for warming apparatus for academic and other buildings." In light of the fuel savings
to be gained from installation of the improved heating apparatus, the 1863 budget also requests
$4,800 to purchased eight hundred tons of coal, $2,000 for four hundred cords of wood, and
$600 for "stoves, graves, repairs of furnaces, fire-bricks, &c.," adding that "should the
appropriation asked for warming buildings be granted, it is probable that the above amount will
be sufficient for two years." The entire amount was granted and by the following year the Board
of Visitors remarked that "all the buildings are now heated by steam." It is likely that this
involved individual boilers in each building, but at some time between 1863 and 1872 these

100Report of the

Secretary of War (1 December 1859), 665.
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boilers were centralized in a new boiler house without requiring a specific appropriation from
Congress, for in the latter year the Military Academy operating budget included "pay of engineer
of heating and ventilating apparatus for academic buildings, the cadet barracks, chapel and
philosophical building, including the library." The engineer was paid $1,500 annually, while an
assistant earned $720, and wages for five firemen were $2,200. 101
Another federal institution, the Central Branch of the National Home for Disabled
Volunteer Soldiers in Dayton, Ohio, also had a large number of buildings that served the needs
of its growing population .. The physical plant included a saw mill and engine house, whose forty
horsepower engine ran the machinery in the laundry and in the several mechanical departments,
besides supplying steam for heating some of the buildings." The laundry itself was
"large substantial structure, built of brick, and is three stories high. All the washing for
the Home is done here by steam. On the first floor are immense washing-machines,
worked by steam power and tended by inmates of the Home.
The Home added a new hospital in early 1874 and
In order to guard against fire and the effects of boiler explosions a brick building,
twenty-five feet by one hundred and ten feet, has been erected two hundred feet from the
main building. This contains the steam boilers and is the fuel receptacle. It connects
with the hospital by a tunnel over several feet square, in which are the steam and water
pipes, besides a small railway for transporting coal.
A new dining hall was opened on Christmas Day, 1874 and a speaker noted that
the entire work of steam fitting, for heating purposes as well as for domestic use in the
building, has been done by our own mechanics, under the direction of the chief engineer,
Mr. W. G . .Crutchfield, and his excellent assistant, Thomas Hinton. 102
State institutions were also affected by these same concerns. The managers of the New
York State Lunatic Asylum in Utica in 1869 reported that "Our steam pipes and much of the
heating apparatus have been in use since 1853 and begin to show indications of wearing out."
Exhaust steam from their engine was used to dry clothes, heat water, and warm the women's
department. Five hundred and twenty patients were cared for in the Utica Asylum, which was
in a single building served by a boiler house on the end of one wing. That same year the Hudson

101 Estimates

of Appropriations, 1860, 1862, 1863, 1873.

102[A veteran of the Home], Histoty ofthe National Home for Disabled Volunteer Soldiers: with a complete
guide-book to the Central Home, at Dayton, Ohio (Dayton: United Brethren Printing Establishment, 1875), 812, 113 , 117.
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River State Hospital for the Insane expressed concern about the high cost of primary care
facilities and proposed that
For the chronic and the milder form, structures more simple and less expensive would
answer every purpose. These might be in the hospital pavilion style, with low connecting
corridors, admitting of extension and repetition as occasion should require. The same
farm, garden, laundry, bakery, gas-house, slauJ;hter-house, water, and sewage works,
wharf, roads, etc., etc., would answer for all . 1
By the 1860s technology was available to meet the many needs of growing cities and
institutions, especially better fire protection, water supply, power distribution, and heating.
Multi-building urban and institutional.systems of illumination using manufactured gas and water
from gravity reservoirs had been in use since early in the century. Consumers were becoming
more sophisticated in understanding both technology and cost accounting, exploring alternatives
to existing methods of generating and distributing heat, light, and power.
Manufactured gas companies, with a few exceptions, seemed content with lucrative
revenues from illumination and saw little advantage in lowering their prices to compete with other
fuels for heat or power. Gas engines were still rare, for in early 1880
The Citizens' Gas-Light Co., of Vincennes, Ind., has ordered, for an elevator company
at that place, a gas engine of 17 horse-power. This engine is expected in a short time
from Europe, and will be the largest gas engine in the United States.
Elsewhere in Indiana, Charles Reitz was installing an electric light apparatus for the Medical
College of Indiana that would be "run by a two-and-a-half horse-power gas engine." In New
York City the cost of gas was a lively topic of discussion, with the Plumber and Sanitary

Engineer offering that although
it has been to some extent a luxury, but now the time as come for New Yorkers to
appreciate what the English and French have long discovered; namely, that gas can be
used in other ways than as an illuminator of the houses of the rich. .Gas can now be
utilized in the kitchen, workshop, and for heating houses.
Natural gas was also coming into use in those cities near discovered wells. Fredonia, New York
had been lighted with natural gas since 1826 and in Erie, Pennsylvania in 1878 there were

103 Twenty-seventh Annual Report of tile Managers of tile State Lunatic Asylum, for the year ending the 30th
November, 1869 (Albany: Argus Company, 1870), 9; I11ird Annual Report ofthe Managers ofthe Hudson River
State Hospital for the Insane, For the Year 1869 (Albany: Argus Company, 1870), 35. New York State
operated a large number of similar facilities and their annual reports represent a rich source of material on many
topics.
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thirteen gas wells, which furnish fuel for steam boilers.

New gas wells near Titusville,

Pennsylvania conveyed gas to that city in pipes, where it was used for heating. 104
Water distribution systems were limited by the geography and enormous expense of
reservoirs as well as the general ineffectiveness of hand- and steam-powered fire engines.

The

advantages of serving urban and institutional communities with larger multipurpose systems had
been recognized by many, but none had delivered a system that could meet the demanding
requirements of these markets . The relative costs of water and steam power, for instance, came
under close scrutiny in the 1870s as the concept of fixed and variable cost components, first
applied to railroad rates by Herman Haupt in the 1850s, was used to evaluate power costs. 105
Smoke abatement also became an issue in the late 1870s. In 1879 the Plumber and

Sanitary Engineer reported that
The good citizens of Pittsburgh, Wheeling, and the ladies of Cincinnati-whom
we believe to be good citizens under the law, although not voters-are greatly exercised
by the smoke nuisance in those cities, and have taken to public discussions and to public
meetings, and from the enthusiastic language reported they may soon come to dinners or
fairs for the prevention of smoke.
What success in abolishing this nuisance in our Western cities may attend these
extreme measures in these hot months is somewhat doubtful. Living in the pure
atmosphere of anthracite combustion, we can only express our wonder that the
extravagant waste of fuel has been permitted to exist and been tolerated so long. Except
when intense heats are demanded, as for iron making and working, for all manufacturing
purposes, and under boilers, the smoke from Western coal is at once preventible, and is
only allowed because the community enjoys it and the consumer of coal does not care to
prevent it.
The nature of American coal was such that "all the appliances that English experience for twenty
years has developed become favorable for our immediate use." A city wishing to be rid of
smoke "has only to enact 'there shall be no snioke' and there will be done, and the smoke
producers will be enriched by the enforcement of the law." 106
Such a simple method found many adherents in American cities, or at least within the

104Engineering News 5 (19 September 1878): 302; ibid., 7 (17 January 1880): 27; ibid., (22 May 1880):
181; Plumber and Sanitaty Engineer 2 (15 August 1879): 286.

105Herman Haupt,

"Reminiscences of Early History of the Pennsylvania Railroad Company," cited in James
A. Ward, That Man Haupt, 31. For power costs see Henry P. M. Birkenbine, "Relative cost of water and
steam-power," Engineering News 5 (14 February 1878): 54-55 and "The Future Water Supply of Philadelphia,"
in idem. (18 July 1878): 227.
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media, and by 1880 Milwaukee had a smoke abatement ordinance in effect and the Chicago
Common Council was considering "an ordinance to compel the use of smoke-burners on
locomotives, steamboats and factories , to mitigate the present nuisance." The Chicago Tribune
remarked in 1881 that
There is not a store-keeper in Chicago whose goods are not seriously injured by it, and
to many lines of fine goods it is destructive. The deposit of soot finds it way not only
into stores but into public and private offices, where it defaces papers and books. It
reaches into every private dwelling, blackens and disfigures all articles of furniture, is
a curse to every laundry and injures clothing to a costly extent.
The Pittsburgh Commercial added:
What the commercial value would be of the improvement to the general health by
abolishing the smoke produces bronchial and throat diseases by the hundreds, cannot be
estimated. Our buildings are kept dingy and our streets given a mean appearance by the
omnipresent smoke, which gives all visitors an impression of a third-class town, wholly
out of proportion to our financial and industrial importance, and simply for that reason,
a large population and not less important amount of capital is kept from settling here.

Sanitary Engineer noted that
The practical difficulties in the way of preventing this evil are of two kinds. The first
are those connected with securing perfect combustion, by supplying the requisite amount
of oxygen without cooling the smoke, and these, though great, can be and have been
overcome by various forms of grates and furnaces, and by proper firing. The second are
those connected with the fact that preventive measures, to be useful, must be generally
adopted and enforced, and that the only sufficient motive to induce people to do this is
compulsory legislation. 107
Finally, manufacturers and building owners were demanding better methods of power
distribution for their machines and elevators. Charles Babbage in 1835 had written that
If any mode could be discovered of transmitting power, without much loss from friction,
to considerable distances, and at the same time of registering the quantity made use of
at any particular point, a considerable change would probably take place in many
departments of the present system of manufacturing. A few central engines to produce
power, might then be erected in our great towns, and each workman, hiring a quantity
of power sufficient for his purpose, might have it conveyed into his own house; and thus
a transition might in some instances be effected, if it should be found more profitable,
back again from the system of great factories to that of domestic manufacture."
Louis Hunter has provided a summary of these methods that, if anything, understates their
demand in the years after the American Civil War. Many small workshops located in buildings
where power could be rented and more elaborate facilities could also be found . In 1881 the
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Springfield (Mass .) Steam-Power Company bought the old plant of the Wason Manufacturing
Company, a 160,000 square foot facility with six brick buildings several hundred feet long and
up to five stories high, that had been erected for manufacturing purposes.

Space in these

buildings was rented out to manufacturers who could utilize the power of the rotating shaft and
pulley system powered by a 400 horsepower double Harris-Corliss engine.

Other systems

delivered power to a customer's premises, such as a rotating mechanical shaft system on Beekman
Street in Manhattan that served a several block area, including the printing presses of the Herald

Tribune . Rochester had a central compressed air power system in the early 1880s, using the
Genesee River Falls as a power source. As late as 1889 Mayor Roche of Chicago proposed that
a central station high pressure water power system be installed in that city, primarily to run the
600 elevators then in use. Each of these needs represented a substantial market, but the potential
rewards for a system that could serve multiple purposes were to prove very attractive. Before
that is explored, however, improvements in a related utility system, urban water supply, will be
addressed. 108

108King,

Moses, ed., King's Handbook of Springfield, Massachusetts. Springfield: James D. Gill, 1884;
Louis Hunter, The Transmission of Power, vol. 3 of A History of Industrial Power in the United States, 17801930 (Cambridge: MIT Press, 1991), chapter 3; Charles Babbage, On the Economy of Machinery and
Manufactures, 4th ed., expanded. (London: Charles Knight, 1835), 290; Engineering News 21 (12 January
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We are for certain informed that this our city will be burnt with fire ... except some way of escape be found
whereby we may be delivered.
Bunyan
The attention of Mr. Holly was first called to the subject by the frequency of fires in Lockport during the
winter of 1862-3, which the fire department of the place, (as is well nigh universally the case everywhere,)
was lamentably incompetent to check or control.
B. Holly's System of Fire Protection and Water Supply for Cities and
Villages, 1869 109

Chapter 3: Birdsill Holly's Direct Pressure Water Supply System

At the time he dug up his backyard for steam distribution experiments in the fall of 1876,
Birdsill Holly was one of the most experienced and accomplished urban utility systems engineers
in the United States and his direct pressure water system supplied domestic water and fire
protection in nearly seventy cities by that time. Born in Auburn, New York on 8 August 1822
to Birdsill and Comfort Holly, young Birdsill was apprenticed as a cabinet maker in Seneca Falls,
receiving "only such education as a poor working-boy might glean from his surroundings."
Wood-working proved too limiting for the talented youth and by twenty-two he was proprietor
of his own machine shop in Uniontown, Pennsylvania, manufacturing mining pumps, water
wheels, and mill machinery.

In 1847 he returned to Seneca Falls as superintendent of the

manufacturing firm of Silsby, Race, & Holly, where he invented the Holly Turning Mandrill, the
Holly Water Wheel, the "improved power loom, in use throughout New England," the iron
bench plane, and the "celebrated Pitcher Pump, manufactured by thousands and in use throughout
the world." This latter device was so simple and cheap that "everybody made them and his
patent became profitless to him."

While in Seneca Falls, Holly also invented the steam engine

and rotary water pump for the Silsby steam fire engine (Figure 15) which saw wide service
throughout the world in the last half of the nineteenth century.

Holly's considerable talents brought him to the attention of two former New York Whig

109Quoted in National Board of Fire Underwriters, Pioneers of Progress 1866-1941 (New York: National
Board of Fire Underwriters, 1941), 3; Holly Manufacturing Company, B. Holly's System of Fire Protection and
Water Supply for Cities and Villages (Lockport: M. C. Richardson, 1869).
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Figure 15- Silsby fire engine. Source: Appletons' Cyclopedia of Applied Mechanics (1883) 1:629.

congressmen: Washington Hunt, also a former governor of New York, and financier Thomas
Thorn Flagler. They induced him to move to Lockport, New York in 1859 and take charge of
their extensive machine works, for which Flagler provided half the $20,000 capital and became
president, although the firm was named the Holly Manufacturing Company.

The company

produced a variety of brass and iron products, including sewing machines, flat irons and sinks.
Like most cities, Lockport suffered from numerous fires against which the local fire department
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was little

def~nse.

After a rash of fires in the winter of 1862-3, Holly persuaded the city of

Lockport to install a fixed water supply system for fire suppression. Although local taxpayers
balked at the cost, the proposal won approval after Flagler agreed to personally indemnify any
citizens whose tax exceeded the savings in fire insurance premiums that would accrue from
having such a system in place. 110
A circular brick wheelhouse was built and a Holly Patent Improved Turbine installed in
the lower level to use the nineteen feet of water head available from State Race. The turbine
drove one of Holly's Patent Rotary Power Fire Pumps, similar to those used in the Silsby fire
engine. A pressure control, "an ingenious invention of Mr. Holly, of indispensable value,
secures an uniform pressure of the water in the pipes" by modulating the flow of water let into
the turbine. The contract for the works stipulated that "from a hydrant set at a point 50 feet
above the pump, a stream of water should be thrown through 100 feet of hose 100 feet high."
At the system trial
the stream was thrown not only over the test pole placed for that purpose, but full 75 feet
higher, as near as could be estimated when the hose burst! Next, two streams were
thrown at the same time, about the same height, when the hose again burst. Then four
streams at one time were thrown over the test pole.
Eventually nine simultaneous streams were thrown, each rising above the height of any building
in town, and all delivered by a pump operated without human attendance. 111
While many homeowners could today perform similar feats with a garden hose, the
citizens of Lockport stood transfixed at the sight.

Fire suppression up to that moment had

depended on reservoirs, cisterns, and mobile hand- or steam-powered fire engines . Few cities
enjoyed the proximity of a naturally-supplied gravity reservoir and had to pump water into higher
level storage to secure adequate pressure for distribution. The Romans had used water wheels

110Little information has been published about Holly, with the two principal sources being his entry in the
National Cyclopedia of American Biography, (New York: James T. White, 1937), 26:108-9 and information
contained in the Third Annual Announcement of the Holly Steam Combination Company, Ltd., (Lockport:
Journal Book and Job Printing House, 1880), 14. Although Holly's first name is consistently spelled Birdsill
in his own publications and patents, many contemporary and most later references spelled it Birdsall (including
the National Cyclopedia) with an occasional Birdsell. Holly also becomes Holley in numerous accounts. The
1937 reference has Holly as an apprentice mechanic rather than cabinet-maker.
111Holly Manufacturing Company, B. Holly's System of Fire Protection and Water Supply for Cities and
Villages (1869), 4. Water head is a measure of pressure available to drive a turbine or water wheel, measured
in feet. A 250 foot high waterfall, for instance, had a potential head of 250 feet of pressure.
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to power pumps and a pumped water supply system was installed in London in 1582 by Peter
Morice. The steam engine, originally used to pump water from mines, could also pump water
for domestic and fire protection purposes. In 1735 "two foreigners made proposals to elevate
the water of the Seine by means of steam-engines, and distribute it to the houses of Paris; but the
project being little understood, their proposals were rejected." The brothers Perier, managers
of the Compagnie des Eaux de Paris, were authorized to install such a system in 1778 using a
Boulton and Wattpompe ajeu. The first trial was made on 8 August 1781, but "such was the
ignorance of the principle of the machine, that for several years after it was erected, the smallest
derangement caused a stoppage in the works, until a person, dispatched to Birmingham, returned
with the means of repairing them." Among the customers served by the twin pumps (known to
Parisians as "Augustine" and "Constantine" after the Perier brothers) was Thomas Jefferson, who
paid 50 livres for piped water to his residence at the Hotel de Langeac. 112
The first waterworks with a pump in America was installed by Hans Christopher
Christiansen in Bethlehem, Pennsylvania in 1754. By 1796 every house in the town was supplied
with water "forced through pipes by means of an hydraulic machine worked by water." Some
Bethlehem houses had water in every room and the simple machine used "would easily raise the
water, if necessary, several hundred feet. "

This was accomplished with an intermittently

operated steam engine that pumped water into an elevated storage reservoir. A fire could quickly
drain the reservoir and the pumps would have to be kept in constant readiness to replenish the
supply quickly to prevent catastrophe. The hazards inherent in such a system were demonstrated
in Philadelphia, when during a serious fire in September 1804 "messengers were at once
dispatched to the Lower Engine House with pleas to start the pumps, but the workmen were so
little prepared to do so that they even had to send a wagon out for fuel." Even cities with good
reservoirs, such as Cleveland, Pittsburgh, Buffalo, and Syracuse, could not obtain adequate
pressure from gravity alone and required mobile pumping engines to deliver adequate water on
a fire. These hand, and later steam, engines provided some improvement, but were unreliable

112Nelson Manfred Blake, Water for the Cities (Syracuse: Syracuse University Press, 1956), 14-17; The
History of Paris (London: Geo. B. Whittaker, 1827), 3:102; Howard C. Rice, Jr. , Thomas Jefferson's Paris
(Princeton: Princeton University Press, 1976), 52. My thanks to Debbie Abbott for the latter reference.
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and unable to work for long periods. In cold weather, for instance, the mobile engines would
simply freeze, rendering them worthless at the very time when most serious fires occurred.
Cities without favorable topography for reservoirs could install standpipes, as Germantown,
Pennsylvania did in 1852.

Large institutions often built their own extensive water supply

systems, such as the 1856 system installed at the Pennsylvania State Lunatic Hospital at
Harrisburg. Even manufacturing complexes at risk of serious fire loss could do little better, as '
at Lowell, Massachusetts, where owners of large cotton mills had installed an extensive system
of cisterns, hydrants, and sprinklers interconnected by pipes and fed by several force-pumps, yet
only four hundred and fifty gallons per minutes could be drawn from the mains without loss of
pressure if only the cisterns were in use. If a large fire should occur
at a time when the canals are drawn off, as they often are during the night and on
holidays, to enable repairs to be made, the force-pumps could not be operated, and the
supply of water would be limited to that which could be drawn from the reservoir. By
operating one section at a time, the sprinklers can be effectively used in such an event;
but in a large fire the supply of water would be much too small for the efficient action
of all the apparatus provided. 113
In 1865, Samuel McElroy described three methods of water distribution then in common
use: the low service, defined as a supply under very moderate head, or without pressure; the
intermittent system, where water is provided to various districts at certain intervals; and the
constant high service, by which the distributions mains are always kept under reservoir head.
Stationary steam engines could be used to fill the reservoir or to supplement water pressure
during a fire. Below 14th Street in Manhattan, low water pressure required such engines in
buildings such as the St. Nicholas Hotel on Broadway which had its own pumping department
with an extensive system of branch lines through the hotel. A system of larger scale could be
found in Providence, Rhode Island, where "street pipes are connected with the steam pumps of
various factories," similar to the arrangements at Lowell, but again dependent on having the
engines available and started during a fire . After an alarm is sounded, McElroy estimated that
"16 to 27 minutes lapse before a stream is at work." In London, "where great care is observed

113 Isaac Weld, Jr., Travels Through the States of North America, and the provinces of Upper and Lower
Canada, during the years 1795, 1796, and 1797 (London: John Stockdale, 1800) 2:363; Blake, Water for the
Cities, 40; Engineering News, 6 (31 May 1879): 171; James B. Franklin, "On the means adopted in the factories
at Lowell, Massachusetts, for extinguishing fire." Journal of the Franklin Institute 79 (April, 1865) 272-3.
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at the engine houses to keep a force on the alert," from 30 to 40 minutes are required before the
engines are fully operational. 114
Holly's system, by delivering a continuous and instantly available supply of water under
pressure, replaced both engine and reservoir and greatly simplified the task of fighting fires.
Lockport installed over a mile of pipe and 27 hydrants the first year, expanding it almost every
year thereafter. The system proved itself quickly, as in the case of a 2 a.m. fire the following
winter in a wooden grocery and provision store in the main business district with the "wind
blowing furiously" and cold so intense that the fire engines and hose would have immediately
frozen up. "So apparent was this impotency of the fire department to contend, either with the
frost or the fires, that the shivering firemen did not withdraw their engines from the engine
houses." Nevertheless, "within a few minutes after the alarm was sounded, and without the
slightest impediment or delay," four streams of water were brought to bear on the flames , saving
a considerable portion of the building. In 1869 local officials reported that fire insurance rates
in Lockport had been "reduced nearly 50 percent" and the waterworks had
never failed to drown out, within the building where it originated, every fire that has
broken out within the hydrant district, and have paid many times their cost in the
reduction of insurance rates, and the saving of property which would otherwise have been
destroyed.
Flagler's faith in Holly was proven sound and he did not pay anyone's water taxes. 115
Although Holly had built the Lockport system using existing machinery, adding only a
new pressure control, it is not clear at what point he (or anyone else) realized the potential market
for a complete system of water supply. In any event a second system was installed in November
1865 in Auburn, New York. The improved pressure regulator not only adjusted the pressure
automatically, but within seconds "rings a bell in the Superintendent's sleeping apartment, and
promptly calls him to his duty ." The Auburn system had three Holly turbines and three pumps,
two of 100 horsepower that could be driven by either or both of the larger turbines, and a smaller
one of 60 horsepower. Altogether the system could deliver 4,425,000 gallons daily. By 1869

114Samuel McElroy, "Hydraulic Engineering-Fire Service and Hydrants" Journal of the Franklin Institute,
79 (February 1865): 85-6, 88.
115Holly Manufacturing

Company, B. Holly 's System of Fire Protection (1869), 5, 32.
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Auburn had 16 miles of pipe and 140 hydrants, and several serious fires had been contained by
the system, including a 9 February 1867 fire in the Burgess Brothers oil refinery, a 17 November
1868 fire in D. M. Osborne's large Reaper manufactory, and the 16 February 1869 fire in the
Church of the Holy Family, at which the system "threw enough water to float a small
navy." 116
The Auburn Water Works Company had been incorporated 19 April 1859 by local
businessmen with a capital stock of $100,000 with charter provisions to increase it to $300,000.
No action was undertaken until December, 1863, when corporate officers and a new set of
directors were elected. Difficulty in obtaining a suitable elevated location for reservoirs delayed
construction until the following year, when "attention was directed to the Holly system of waterworks, which resulted in the abandonment of the idea of using reservoirs." Construction began
on the Holly system in April 1864, and it was operating by December of that year with 22,930
feet of mains. While Lockport's system was strictly for fire protection, the Auburn system also
provided domestic water to city residents. At least two connections exist between Lockport and
Auburn. While Holly likely still had relatives and other connections in Auburn, Flagler had his
own connections to Auburn's most substantial citizen, Secretary of State William H. Seward.
Flagler had owned a Whig paper, the Niagara Courier, in the later 1830s and had campaigned
vigorously for Seward during his 1838 New York gubernatorial campaign against William L.
Marcy.

They also served together in Congress during the 1850s, Flagler in the House and

Seward in the Senate. Seward's son, General William H. Seward, was a prominent Auburn
businessman and director of the Auburn Water-Works Company. 117
A third water works system was installed in December, 1867 in the "small but
enterprising and thrifty village" of Gouveneur, New York. This system was tested during a
severe drought when only 42 inches of water head available to operate the turbine, but all
performance tests were completed. That same year citizens of Minneapolis, "hearing by chance

116Ibid. ,
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1:100-1.

82

of the new and wonderful water works at Lockport and Auburn, wisely instituted inquiries" that
led to the installation of a system in that Minnesota city. Although the severe winter hampered
installation of pipes, the system was able to contain five fires set by an arsonist in June, 1868,
saving nearly one and a half million dollars of property. In 1868 systems were installed in
Vergennes, Vermont and Ogdensburgh, New York, permitting the latter town to sell its hand fire
engines. All of these systems were powered by falling water, but Holly contracted to provide
a system "propelled by steam" for Binghamton, New York, which was ready in December 1868.
Steam, more reliable, quickly became preferred and cities using water power, such as Auburn,
soon installed steam to supplement water delivery during periods of drought and low flow.
Peoria also installed a Holly system that year after finding reservoir systems in other cities
inadequate, incidentally saving over $100,000 by avoiding reservoir construction costs. Batavia,
New York, and Kalamazoo, Michigan, also installed steam-powered systems, while Canton
installed a water-powered version.
Holly obtained a patent for his system of water supply for cities on 14 September 1869,
claiming a system of "water pumped directly into the mains in combination with any contrivance
to regulate the pressure."

While earlier systems had used direct pumping, such as the

Germantown, Pennsylvania works constructed in 1852 and the State Lunatic Hospital in
Harrisburg, Pennsylvania in 1856, these systems depended on a standpipe or manual valves to
control system pressure, the Holly system used an automatic pressure regulator. The first eleven
cities that installed Holly water supply systems were not exactly major cities, with Peoria, the
largest among them, having an 1870 population of 22,849. Holly's system had not yet attracted
the attention of the nation's engineering and scientific press (such as it was in 1869), for a month
after Holly's water supply patent was listed in the Scientific American, that journal published a
letter from Charles S. Bailey of Mobile, Alabama offering
some suggestions relative to the supply of water in large cities in cases of fire, and others
of importance to those using steam boilers, etc. It is well known that immense amounts
of money are lost annually by fire which might be saved provided there was some means
by which water could be obtained at a few minutes' notice instead of being compelled (as
in the case in many instances) to await the arrival of fire apparatus. The latter alternative
has to my certain knowledge resulted several times in severe losses, which, had the case
been otherwise, would have only been a trifling loss.
I would suggest placing at the supplying reservoir large pumping engines,
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supplied with safety-pressure valves, and instead of allowing the water to flow by its own
gravitation, to force it through the pipes under pressure, of sufficient strength to throw
water at any desired point or distance, and by placing hydrants at various points
throughout the city (the more the better), with 4, 6, or 8 discharge openings, and
establishing hose houses near by, an immediate and abundant supply of water could be
obtained at any time, thus making a saving of millions of dollars worth of property
annually. It would furthermore be a means of feeding steam boilers without the necessity
of using steam pumps.
The editors added a note assuring their readers that "some of our practical correspondents will
be able to point out grave impracticabilities in this scheme." 118
Not relying on favorable reports
in the national press, Holly, or rather the
Holly Manufacturing Company, for which
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Figure 16 -Holly waterworks advertisement. Source:
Engineeting News 3 (8 April 1876): 119.

Although

Omaha's Mayor Ezra Millard also presented "letters from the mayors of various eastern cities
endorsing that system,'' the council merely voted thanks to Flagler, who had many years
previously earned their gratitude by voting against the Kansas-Nebraska Act, and "there the

118Letter

from Harry Birkinbine to Engineeting News 6 (31 May 1879): 171. Birkinbine's father had
installed the works in Germantown and Harrisburg. Scientific American 21 (27 November 1869): 342-3.
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matter rested for several years." 119
Installation of systems proceeded at a respectable pace in such communities as Covington,
Kentucky, which in 1870 paid the Holly Manufacturing Company $60,000 for pumping engines
and $8,539.64 for 157 double-discharge fire hydrants. Purchasing and installing 84,848 feet of
wrought iron pipe and various other items brought the total contract amount to $318,809.18. An
extensive report on the system in April 1871 gave much credit to "Mr. Birdsel Holly personally
for his judicious advice to provide machinery and boiler capacity far in excess of present
demands" and recommended that existing fire engines be sold to finance further system
additions. 120
Despite the many advantages of Holly's system, many businessmen were wary of added
tax burdens. In Rochester, Daniel Powers had just completed his new "fire proof' cast-iron
block and "wished to avoid a sudden increase in taxes ." Powers' opinion changed quickly when
the new cast-iron buildings in Chicago were reduced to ash while the water of Lake Michigan
sat nearby, undisturbed and unavailable. The large Boston fire the following year dramatically
demonstrated the weakness of existing fire prevention and suppression systems and created an
enormous demand for improvements.

Orders flooded the Holly factory in Lockport, while

America's enormous pool of inventive talent responded to the challenge and swamped the patent
office (which itself suffered an extensive fire in early 1877) with various gadgets to prevent and
suppress fires.

In the meantime local authorities enacted more stringent building codes and

upgraded fire department personnel and equipment, while fire insurance companies expanded
their role in fire prevention and protection. The weak economy of the mid-1870s, however, did
not exempt public works. The Holly Manufacturing Company had delivered a pumping engine
to Bangor, Maine early in 1876 and received a contract for another for Taunton, Massachusetts
in July 1876, which was operating by December.

In August citizens of Newburyport,

Massachusetts held a public meeting "in favor of the Holly water-works," but no contract was

119 U. S. Patents 94,746, 94,747, 94,748, and 94,749; James W. Savage and John T. Bell, History of the
City of Omaha, Nebraska (New York: Munsell & Company, 1894), 267.
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°Covington City Water Works, Report of the Committee on Construction of the Holly Water Works in the
City of Covington, Ky. (Covington: L . D. Croninger, 1871), 13,52.
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awarded. The next mention of a Holly engine was not until 24 September of the following year,
when the engine for Hyde Park, near Chicago, was tested and shipped. In October a large order
for Burlington, Iowa (mentioned in detail later) was received and the Lockport Daily Union
announced that
A large number of men will be put to work in the Holly shop next week. Several of the
recently discharged mechanics who have left the city will return to resume work. In a
short time the institution will be again running at full blast.
After a second engine contract for Urbana, Ohio was received, the paper said that "the 'old shop'
is itself again.'' 121
Despite these financial

difficulties, the Holly Manufacturing Company made

improvements to their system and continued to establish a formidable reputation.

Columbus

installed a Holly water system in 1870 and eleven other Ohio cities had done so by 1877, when
the city reported that it had
abandoned the use of their entire force of steam fire engines, and the losses by fire have
been decreased from an average previous to the introduction .o f the water supply, of 65100 of one per cent, to 9-10 of one per cent. upon the total tax valuation, while since
1870 the valuation of taxable progerty has increased, in round numbers from
$16,000,000 to $27,000,000 in 1876. 22
More communities also realized that mere proximity to a river, lake, or ocean was of
little value in stopping a major fire, as shown in this 1879 account from the Mississippi River .
city of Burlington, Iowa:
There was the water in all its plenitude and purity, but it swept unheedingly onward, and
left the ambitious "metropolis of Iowa" athirst and unprotected. For while it was
possible for the crude water-cart to supply, in a small way, the domestic necessities of
the people, and sprinkle a few streets at a disproportionate cost for the result obtained,
these primeval appliances afforded no protection against that dreaded enemy of all
ages-the devouring flames. Progress in building up the city was checked by this
deficiency in the protection of property. Capital shrank from investment where so great
risks were incurred . This environment of peril fed upon the commerce, trade and
industry of the city, for it not only discouraged the improvement of property, but it taxed
the property-owner with high rates of insurance. 123

121BlakeMcKelvey, "Water for Rochester," Rochester Hist01y, 44 (July 1972): 25; Engineering News 3 (23
December 1876): 391; (12 August 1876), 259; Lockport Daily Union, 24 September 1877, 13 October 1877.
l22"Seventh Annual Report of the Trustees of the Water Works" of Columbus, Ohio, (31 March 1877),
quoted in Engineering News 4 (20 October 1877), 293.
l23History of Des Moines County, Iowa (Chicago: Western Historical Company, 1879), 510.
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Duplicating the findings of the Canton water works committee a decade earlier,
Burlington citizens realized that a reservoir built on the higher ground at great expense would
likely "fail to supply water any higher than the first stories of thousands of buildings, and would
entirely fail to meet the requirements of reliable protection from fire." With "no other practical
solution," the Burlington City Council overcame "both natural and human obstacles" and
unanimously passed an ordinance on 17 July 1877 granting a franchise to the Burlington Water
Company, organized by local investors with a capital stock of $300,000.

Although the

stockholders were personally liable for the entire amount, they were only permitted to pay in ten
percent of the stock, with a requirement that any dividends exceeding twelve percent on the paidup stock be used to expand the system, retire debt, or reduce rates. 124
A contract between the city and water company was signed on 4 October and two days
later the company signed a $190,000 contract with the Holly Manufacturing Company for "the
complete erection of water works on the Holly system" in compliance with plans drawn up by
the water company's engineer, T . N. Boutelle, a civil engineer with wide experience in the
construction of water works. The Holly firm, represented in Burlington by Dr. J. T. Cushing
of Chicago, acted as general contractor for the project, subcontracting with a variety of firms for
materials and installation. Truman Cowell of Muscatine laid the inlet pipe and crib, while A. W.
Manning of Burlington built the filter-bed and buildings. Thirteen miles of pipe was purchased
from Dennis Long & Co. of Louisville and H. R. Smith & Co. of Columbus, Ohio and installed
by Russell and Alexander of Chicago, who finished two and a half months before the time
stipulated and without a single leak in any joint. Mohawk & Hudson Manufacturing Company
of Waterford, New York supplied the 64 Eddy patent valves placed in mains for shutting off
water in case of necessity or convenience. Only three pipe leaks were found when tested at
severe pressure, attributed to rough handling of the cast iron pipe in cold weather. 125
The cast iron water mains were foundry tested to withstand three hundred pounds
hydrostatic pressure per square inch and tested to two hundred pounds after installation, fully

124Ibid.,
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twenty-five percent higher than the maximum operating pressure. The water mains were laid to
a depth of five and a half to six and a half feet deep, with some two miles cut in solid rock. The
Holly Company itself provided the engine, pump, and 157 double discharge Holly fire hydrants,
giving 314 hose attachments. The engine (Figure 17) was of the improved type designed by
Harvey Gaskill of the Holly company and was guaranteed to perform a duty of raising 60 million
pounds of water one foot with one hundred pounds of coal, to supply the 3 million gallons daily
required by the ordinance, and throw the fire streams required by the ordinance. Each of the
four steam cylinders, driven by 60 to 70 pound steam, was 19 inches in diameter with a 27 inch
stroke with the corresponding reciprocating pumps being 10 inches diameter with a 27 inch
stroke. The cylinders and pumps
are detachable at pleasure, and may be run singly, in pairs, or all together, according to
the demands of water supply from time to time. The engine was equipped with an air
pump and jet-condenser, and by a peculiar arrangement of pipes and valves may be run
on either the high, low or compound steam pressure principles and may be changed from
one to the other at any moment by the engineer. This arrangement is necessary to secure
economical daily pumping for domestic supply, which is done by compounding steam,
and prompt increase of power for efficient fire protection. When compounding, the
steam is taken directly from the boilers into one of the cylinders and exhausted into the
remaining three, and when running, high-pressure steam is taken directly into all of the
cylinders, the latter operation increasing the power of the whole four to eight times. To
supply this increase, reserve boilers are provided, there being three in all, either of which
alone will be sufficient to meet the ordinary demand. 126
On 29 May 1878 the system was tested for 24 hours to insure that "certain economic
requirements of the ordinance" were met. The duty requirement of 60 million foot-pounds was
exceeded by nearly 20 percent and 5 percent more water was pumped than the contract required.
Two days later a series of tests verified that the system could throw the required streams of
water. On the West Hill, with hydrants 130 feet above the pumps , heights of 105 and 135 feet
were measured . On North Hill, the highest point in the city at 150 feet above the pumps, the
contract required a vertical throw of 75 feet. Here six simultaneous streams were thrown to
heights between 86 and 115 feet above the ground. A third test, not required by the contract,
demonstrated nine streams simultaneously with an average height of 140 feet. The remaining
contract tests were conducted in the lower business section, where crowds of spectators filled the

126Ibid.,

514-5.
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Figure 17 - Improved Holly pumping engine. Source: Holly Manufacturing Company, B. Holly's System
of Water Supply and Fire Protection (Lockport: M.C. Richardson, 1875).

streets and sidewalks. Eight streams reached an average height of 141 feet, and twelve streams
reached an average height of 126 feet for a period of twenty minutes, followed by throwing a
stream of water more than 60 feet over the 126 foot Congregational Church tower. The last trial
was "the most magnificent display," with a three inch stream thrown 283 feet into the air and
maintained for 20 minutes, delivering more than 2800 gallons per minute.

The citizens of

Burlington appear to have been well satisfied and eight reasons given to support of their wisdom
in choosing the direct pressure system became an advertisement in Scientific American
(Figure 18). Civic pride in the system was evident in its being demonstrated during a reception
for President Grant in late 1879, when a "solid three-inch stream was thrown to a height of 304 1h
feet." The inventor's brother, Alanson P. Holly, worked for the Holly Manufacturing Company
and had superintended the installation of the pumping engines in Burlington, as he had previously
in Keokuk, Iowa. His son, Ira Holly, was hired as superintendent of the water works in January,
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1878. 127
The Burlington installation
was typical of systems where the
Holly Manufacturing Company
acted as the prime contractor,
unlike in Covington where Holly
had designed the works but only
supplied the pumping engines and
hydrants.

The above account,

·,Holly;s:·.lm'p.roved

Waf~f:,·works.:

.

Direct Puirip~· ·Plan.' Con\blnes,·.Wtth ·other advBn·
tages' over-older systems, ~he .follo~og: · ·t;. Becui'ea.b:r
variable pressure a more reliable water. supply. for ·au
purpOses. . 2. Less cost for constructton.: . a. Less cost
for maintenance; 4. Less co',~Jt for d&lly ·supply · by the
use:of Holly's Inip~:oved P~mplng .:Machinery. 6. "Affords the best ftre ,p~tlon In the world.· 6. ·Largely
reduces: tnsuran99 rlsk;s .and premhm~s! ' ·' '1. Dl.spenses
wlth·Jlre enldn.es. Jn whole or, In part •.8.. Reduces ftre
department :expenses. J>.l!'or tntormatlon: by descriptive
pa.mirl}l.oroth~~s~address~he ··
·:._ ·:,. :: ,~: · . · ..
: · 0 . Y,-~F CTURING, _9<),••:~'9<>rt, N._Y.
Figure 18 - Holly Manufacturing Company advertisement.
Source: Scientific American 40 (10 May 1879):302.

first printed in the Burlington

Hawkeye and reprinted in Engineering News, contains detailed information about the water works
installation and testing. Much of the technical narrative about the Holly engine appeared almost
verbatim two months later in a front page story about the Holly engine published in Scientific

American, which also included an engraving (Figure 17) of the improved Holly engine installed
in the Rochester, New York Water Works in 1873 . This article mentions that the "Holly system
of water supply and fire protection is in use in 69 of the principal cities and villages of the United
States," and the History of Des Moines County added "some twenty or more works built on the
same or similar plan by other parties." Even though Holly's patent was very formidable, cities
were reluctant to simply award a contract without thorough investigation and competitive bidding.
Although this study is not directed at water supply systems in general, similarities with other
utility systems and a dearth of other studies made an examination of several cities warranted.
An area of considerable importance was system ownership. Today almost all water
supply systems are owned by municipalities, but this was almost nonexistent in the 1870s outside
of the largest cities. The reason for this appears to have been the inability of most cities to raise
or borrow the enormous capital required for anything but the most modest installation, but a more
definitive answer must rely on a broader study. In the case of Burlington, where the Holly

l27lbid., 515-7; Engineering News, 5 (20 June 1878): 198; 7 (31 January 1880): 40; 7 (13 March 1880):
101. Alanson Holly's death is mentioned in ibid., 6 (24 May 1879): 163.
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Company essentially installed a "turnkey" system for the Burlington Water Works Company, the
city must have had a compelling reason not to keep the system under municipal ownership.
Avoiding municipal debt is one possibility, but the city had raised taxes to pay for the system
anyway, so the obligation existed. The Burlington example cited was undertaken after previous
attempts to establish a waterworks had failed and the mechanism of a franchised private enterprise
enabled the city to install an extensive system essentially without risk. If successful the profits
of the investors were capped, while they (and not the city) were liable if it failed for any reason.
Private capitalists taking such risks for limited rewards were likely motivated by three
factors . The first was probably simple municipal public interest, in that such a system would
improve the city and benefit its citizens. Secondly, the private interest of the investors would
have been largely coincidental with the public interest, in that a water supply system would likely
keep their other investments from burning down and also make them more valuable, while
reducing other costs such as fire insurance premiums. The third reason would be the potential
for a handsome, if limited, return on the investment that was commensurate with the risk
undertaken. It is this element of risk that undoubtedly made the use of private capital attractive.
The contract between the city and the water company permitted no payment until the system was
fully operational, and while the terms of the contract between the Burlington Water Works
Company and the Holly Company have not survived, the record suggests that the Burlington
investors had simply transferred most, if not all, of the risk to the Holly Manufacturing Company
by making the final, and perhaps any, payment contingent on successfully passing the various
performance tests. For this to happen the Holly firm had to have substantial faith in their product
and subcontractors (who may also have had such contingent contracts), while the Burlington
investors had to have confidence in the longevity of the system to survive the life of their
franchise.
Mayors and councils would typically hire an engineer to investigate local conditions and
recommend various alternatives, including costs of construction and operation. Competitive bids
were taken based upon compliance with specified criteria, the most important of which was the
performance tests, similar to those describe above for Burlington's system.

The particular
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specifications for an installation would have enormous influence on the systems proposed by the
various bidders and proponents of one system or another would attempt to influence the engineer
and often the council as well. Sometimes this was an involved process, as was the case in Troy,
New York, where ten bids were received on 12 April 1879 in response to water works engineer
Professor D. M. Greene's specifications. The Troy Daily Times of 5 May reprinted the engineers
report which analyzed the ten bids in depth. Greene's summary is of some interest in showing
how successful bidders were selected:
Here we have ten different estimates, for the most part made by contractors of
large experience, ranging from $198,500 to $305,000 for the same work! How are we
to explain this wide range of values? How is it that one contractor can afford to
undertake for $198,000 what another is not willing to undertake for less than $305,000?
To me the answer is perfectly simple and easy. The different sums named-after a
moderate allowance for differences in judgment- express simply the view of the bidders
as to what constitutes and as to what will be accepted as first-class work and first-class
machinery. The lowest bid, as well as No. 2, justify the inference that the standards of
excellence, upon which they were respectively based, were not such as to accord with
that contemplated in our specification. Without pursuing this subject further I fell
justified in expressing the opinion that the average of seven bids, excluding the first,
second and sixth, representing the average judgment of the seven most experienced
contracting concerns, will fairly represent the value of such materials, workmanship and
machinery as we should care to accept. By this is meant that works which can be
executed for materially less that the average referred to, would either be inferior in
character, or in made to conform to the specifications would result in loss to the
contractor.
The
The
The
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$262,010
$257,700
$249,869
$253.193
$250,000

We have thus reached, it seems to me, a sum which must be regarded as a fair standard
of value for such works and such machinery as may properly be regarded as first-class,
and such as would, if furnished to the city of Troy, be entitled to acceptance, as a
satisfactory compliance with its requirements. 128
Greene then considered the technical merits of each proposal, inquiring whether adopting
cheaper machinery would "materially reduce the value of the standard and thus materially reduce
the value of the works." The Holly quadruplex engine was the only one with an automatic
pressure regulator (protected by Holly's patent), which Greene felt was "absolutely necessary to
the safety of the mains." His recommendation was to

128 "The Troy

Water-works," Engineering News 6 (17 May 1879): 154.
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first decide what is required and what it is worth. That done, I should direct my
attention to the several propositions and ascertain who, of the several parties proposing,
would be most likely to supply the kind and quality of the things required by or most
desirable for the city. Having fixed upon the party, I should invite him or them to a
conference, and should then endeavor to get the best terms possible. If terms should be
procured which met my views, as to values and otherwise, I should without further
hesitation award the contract.
The water board deliberated for two weeks before rejecting all the bids, but with a resolution
noting that the Holly Company's proposal "was the lowest which in all particulars conformed to
the specifications, and requested from the company a new proposition." The company responded
immediately, lowering their price from $265,000 to $240,000 and offered several alternatives to
further reduce the cost. The board offered $235,000, and the "Holly Company, not willing to
lose the prestige of getting the contract, accepted the terms, and will at once proceed in the
execution of the work." 129
While the Holly company acted as general contractor in Burlington, they often only
supplied pumping engines or hydrants to another contractor or the city itself. All were not the
celebratory experiences found in Burlington, however, as other cities resisted the Holly
juggernaut or where the promised results were not delivered. One brief reference states that the
Holly waterworks in Peoria were "useless" and in other cities various forces blocked the
ambitious marketing plans of the Lockport firm. One example, recorded in one of the dozens
of invaluable city and county histories written in the late 1880s, took place in Omaha, where
President Flagler addressed the city council in 1870 on the merits of the Holly system. Not until
February, 1878, was a serious waterworks study undertaken, and on 9 July 1878 an ordinance
was passed authorizing the city to contract with S. L. Wiley & Co. for "the construction and
maintenance of a system of waterworks." Despite this, a majority of the council favored letting
the contract to the Holly Manufacturing Company, whose agent, Dr. Cushing, made a proposal
to construct such a system on 23 July. Five days later Cushing invited the entire council to visit
Ottumwa and Burlington, where they might compare the Wiley and Holly systems, and six
members accepted the offer. The Omaha papers took part in the general debate, the Herald and

Republican favoring the Holly plan, and the Bee opposing it. Eight councilmen (out of twelve
129Ibid.,

154-5.
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total) introduced and passed ordinances favoring the Holly system, but the mayor vetoed them.
On 20 August, Dr. Cushing was arrested "upon complaint of Edward Rosewater, editor of the

Bee, on the charge of bribing and attempting to bribe members of the city council." At the
preliminary hearing an attempt was made to show that "one of the councilmen favoring the Holly
system had been tempted by the offer of a suit of clothes to change his views as to the merits of
the two systems," but the judge dismissed the case at complainant's cost. 130
After feverish and protracted legal wrangling over the franchise, an ordinance favorable
to the Holly system was passed over the mayor's veto and in February, 1879,
a contract was entered into by the council, without the mayor's signature, for the
construction of a system of waterworks. Large quantities of pipe for mains were at once
brought to Omaha by the Holly people and distributed along many of the principal streets
of the city, and in March ... the work of excavating commenced. The election of April
6th, however, put into the city council several new members who had taken an active
part in opposing the Holly system ... giving the opposition a decided majority.
The ordinance was repealed, a Toledo engineer was hired to design a system of waterworks for
Omaha, and a new contract was awarded in July, 1880. The new system included both reservoirs
and engines, including two provided by Holly. The works were relocated and expanded in the
late 1880s by S. L . Wiley, who had purchased the plant from the local investors who built it, and
on 1 April1889 the new plant was formally opened with a gala event at which several prominent
men spoke, including President Flagler of the Holly Manufacturing Company. 131
Holly had better luck with his patent than with local politicians. Several competing direct
pressure water supply systems appeared in the early 1870s, and Holly filed suit in Federal
District Court in Indianapolis against Union City, Indiana in 1874 for patent infringement.
Although several parties held that Holly "cannot claim a patent in the process of direct pumping,
nor upon the 'Regulator', or device which he employs for controlling the pressure in his supply
pipe," the court held that the patent was valid and that the defendant "had infringed the said ...

130Engineering News 6 (30 August 1879): 278; James W. Savage and John T. Bell, History of the City of
Omaha, Nebraska (New York and Chicago: Munsell & Company, 1894), 267-72. The latter account
erroneously places the Holly contract and Dr. Cushing's arrest in 1880. The Holly Manufacturing Company
faced another bribery charge in Toronto in 1884, but it was dismissed since "there was no foundation" to the
charges. Engineering News 12 (6 September 1884): 118.
131Savage

and Bell, Histmy of the City of Omaha, 270.
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letters patent" and awarded Holly the right to recover "the profits, gains and advantages" arising
from such unlawful use. Union City thereupon "contracted for the improved Holly appliances
and the right to use the same" and paid $610. 10 in court costs. Holly also prevailed in a similar
suit against the Vergennes Machine Company, which was in court about six years.

The

Vergennes firm had installed systems in at least five cities, but went out of business shortly after
losing the lawsuit. Complaints of infringement on the direct pressure water supply patent were
made against more than twenty cities, all of whom apparently settled for payment of a fee,
Marshalltown, Iowa, paying $2,000 and Rochelle, Illinois, $750. 132
Despite all of the legal activity surrounding Holly's direct pressure water supply system,
it achieved great success and was installed in over 2000 cities and towns in the United States and
Canada. This success was largely due to the fundamental simplicity, reliability, and performance
of the system. Although these systems had a significant impact on reducing fire losses, no
attempt has been made to quantify this on a large scale. The direct savings of lower insurance
premiums was a significant selling point of the Holly water system and their advertising included
information about rate reductions in other cities. In 1875, for instance, Peoria reported an
average reduction of 50 percent and Binghamton 33% percent, while in Ogdensburgh "the
aggregate reduction in insurance rates would in three years be equal to the cost of the water
works complete," and in Kalamazoo "it was estimated on good authority that reduction in
insurance rates would in two years equal the aggregate outlay for the construction of the Holly
Works." Engineering News in 1879 reported an attempt to establish the "actual annual reduction
of fire insurance in towns that have established fire-pressure water-works." These rates had
always been established based on local conditions, with no "regular established rate of difference
. . . based on the presence or absence of fire-pressure water works."

Even considering the

competitive struggle between insurance companies for business, the reductions "run to 30 per
cent. in brick towns, and 33 to 35 per cent. in towns built largely of wood." Fire insurance costs
in Henderson, Kentucky dropped from $52,000 in 1873 to $30,000 in 1879, "as a result of

132
Birdsill Holly vs. Union City, Indiana, quoted in Enginee1ing News 5 (25 July 1878): 233, 6 (8 March
1879), 75; 7 (16 October 1880): 343-4.
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building water works." More dramatic was the avoided cost of fires, as during a single fire in
Dayton "the Holly water works .. . saved to Dayton their whole cost." The Chief Engineer of
the Rochester fire department reported that fire losses had been reduced from an average of
$150,000 annually to less than $75,000. 0 . A. White, former Mayor of Norwalk, Ohio testified
that "In one instance we saved more than $250,000," and D . L. Holland, the chief engineer of
the Saratoga Springs water works wrote:
Before the Holly Works were introduced, every time a fire occurred, the building in
which it originated was totally destroyed, and also contiguous property along with it. I
cannot recall an instance where even a portion of a building was saved by the old way
of fighting fires by the aid of steamers. Generally the building was always burned down
before the steamers got on the ground ready for work. During the past three and a half
years, since the introduction of our noble Holly system of water works, we have not lost
but two buildings entire (and then it was no fault of the works), and the amount of
contiguous property saved would foot up MILLIONS OF DOLLARS. " 133
Holly's direct pressure pumping engines also found a market in the new long distance oil
pipelines built in the late 1870s. General Herman Haupt, chief engineer for the Tide Water Pipe
Company, built the first of these lines that ran 109 miles to carry Bradford field oil from
Coryville, Pennsylvania to the Reading railroad line at Williamsport. Haupt, an 1835 West Point
graduate, had become Pennsylvania State Engineer in 1838 and then general superintendent, chief
engineer, and director of the Pennsylvania Railroad. During the Civil War he was chief of
construction and operation for the extensive United States Military Railroads. He later became
general manager of the Piedmont Line Railroad between Richmond and Atlanta, and in 1879 was
chief engineer of the Seaboard oil pipe line, which became the Tide Water enterprise. Haupt
engineered the pipeline so that only two pumping stations were required . The first, at Coryville,
sent the oil 22 miles to an elevation 1500 feet above the pump. The second, about seven miles
from the summit, pushed the oil 480 feet up to the summit, where gravity carried it the 70 miles
to Williamsport, 2500 feet lower. Each of the two stations contained $21,000 worth of Holly
pumping engines very similar to those used in city water works, selected for their reliability and
ability to maintain a constant pressure with little attention except to fire the boiler. One problem

133 Enginee1ing News 6 (8 March 1879): 73; 5 (20 June 1878): 199; 7 (8 May 1880): 165; Holly
Manufacturing Company, B. Holly's System of Water Supply, and Fire Protection for Cities and Villages
(Lockport: Richardson & Co., 1875), 16-21.
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that had to be overcome was the very high pressures required. The Holly triplex pumps, ordered
in late November 1878, used three pistons, "each timed for its descent to begin just before the
others started their upward strokes." Unlike previous pipeline pumps, which caused the pressure
to vary between 15 and 275 psig, Holly's pressure regulator kept the pressure below 15 psig.
The pumps were turned on for the first time on 28 May 1879, sending 250 barrels of oil per hour
on a seven-day journey to Williamsport through the world's first long distance crude-oil pipeline.
Additional oil pumps were ordered, and the Holly Manufacturing Company prepared to enter
what would prove its most profitable decade. 134
The introduction of direct pressure water supply had a substantial and direct effect on
reducing fire losses in American cities and allowed cities to sell or retire their ineffective and now
superfluous hand and steam fire engines, often after a competition with the local Holly
waterworks. In Rock Island, Illinois, for example, on 18 July 1872,
The steamers Eggleston and Rescue were taken to the river at the foot of Washington
street, and 500 feet of hose attached to each. Five hundred feet of hose were also
attached to two hydrants, one on the corner of Eagle and Illinois streets, and one on the
corner of Washington and Illinois streets. The steamer streams were from one and oneeighth nozzles, while the fire-plug streams were from one and one-quarter-inch. The
Rescue steamer was unfortunate in bursting hose, and did not fairly get to work; but the
Eggleston puffed and rumbled in vain; its stream reached an elevation of 132 feet, and
the Water Works streams reached 142 feet. The firemen hardly expected this, and so the
prejudices of the most inveterate opponent of the fire capacity among them were drowned
out.
Rochester tested their water works on 18 February 1874, witnessed by Holly's former partner
Horace Silsby, manufacturer of the Silsby fire engine. After watching thirty hoses throw streams
135 feet into the air simultaneously, a two-inch stream surmounting the statute of Justice on the
courthouse dome, a four-inch stream thrown 267 feet vertically, and a 5-inch stream 250 feet.
Silsby said "that he would not have believed it possible, unless he had personally witnessed it,
that such a large stream of water could be thrown to such a height, and that when he gave them
the account of it at home they would not believe him." 135

134Harold F . Williamson and Arnold R. Daum Tire American Petroleum lndusny: tire age of illumination
l859-1899(Evanston: Northwestern University Press, 1959), 443-4; LockportDaily Union , 26 November 1878,
2 August 1879, & 28 June 1881.
135Davenport Gazette,

19 July 1872; Rochester Union and Advertiser, 18 February 1874.
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Despite the overwhelming success and universal adoption of Holly's system, historians
from Nelson Blake to Margaret Hindle and Robert M. Hazen, writing on water and fire
respectively, completely ignore Holly and his contribution. In many respects Birdsill Holly's
direct pressure water supply system was his greatest achievement, with effects of inestimable
importance.

His success in water supply had given him a wide range of experience in

underground pipe distribution systems, adding to his previous knowledge of boilers and steam
engines. He thus entered the district heating field with an enviable track record of installing
fairly complex systems in geographically disparate locations. Searching for new ideas to serve
new markets, Holly built on the concept proven by his water works, and was not the only
inventor to do so, for as Thomas Edison worked on his new electric system in late 1878, he
"conceived of a system which should resemble the Holly water works." The systems of these
two prolific inventors started out complementing each other and almost merged at Edison's
invitation, but urban streets became a battleground between competing systems in the 1880s,
resulting in the two systems joined again in common purpose. 136

136Blake,

Water for the Cities; Margaret Hindle Hazen and Robert M. Hazen, Keepers of the Flame: The
Role ofFire in Ame1ican Cullllre: 1775-1925 (Princeton: Princeton University Press, 1992); Francis R. Upton,
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A paragraph is going the rounds of the newspapers just now, stating that a very novel and at the
same time interesting experiment is soon to be attempted in Lockport, N. Y., by Mr. Holly, the waterworks
pump inventor. This experiment is to heat the whole city with steam, after the same manner as it is lighted
with gas. Pipes are to run to the different houses, and all the occupant has to do is to turn on a faucet and
obtain all the heat he wants.
But unfortunately for Mr. Holly, the idea of heating cities from furnaces is not new. It has been
suggested a number of times by different persons, and if we mistake not, Mr. L. W. Leeds, author of a
work on ventilation and an engineer in this specialty, tried to organize a company for heating this city by
hot air or steam from furnaces placed in different sections of the city and connecting the heat by pipes to
our houses in the same way as water and gas are supplied.
Scientific American, 6 January 1877
... building Holly steam heating works, to heat all God's creation.
Dr. Bristol's Diary, 4 March 1877
The wants of civilirntion are constantly expanding, and to supply these, ingenuity is continually taxed to
invent new systems and appliances. Particularly is this so in closely settled communities. The family
actually furnishes itself with but a small part of its daily wants. By a division of labor, the few minister
to the wants of the many. Our clothing, many of our daily supplies, our lights, even the water we use, are
furnished systematically, better and cheaper than we can supply them ourselves. One more thing was
needed, viz.: a system of heat distribution. Assured of complete success, after a winter of actual operation,
we greet a long-suffering public, and in the following pages, set forth somewhat in detail, the measure of
our success, and the methods of accomplishment.
A1111ou11ceme11t of the Holly Steam Combination Company, 1878137

Chapter 4: Holly Steam in Lockport, 1877-8

Birdsill Holly's steam distribution experiments in 1876 led him to the conclusion that a
system of commercial steam supply "may be practically and advantageously used for the heating
of a whole city, after the manner of lighting a city with gas." Although such a system would do
away "with the trouble, annoyance and danger of the fire-place, stove and furnace," the "question
of comparative expense is the only one which presents itself in the consideration of the scheme."
Holly had "no doubt the expense of warming houses may be materially reduced," and claimed
that "the expense on this large scale of steam heating will not be more than a quarter" of existing
heating apparatus. Rather than "attempting the making of steam for a whole city in one boiler,
or in a combination of boilers at one point," Holly proposed dividing a city into districts, "each
district to be as large as may practicably be heated with one boiler." The formation of a
"Lockport Steam Heating Company" was under consideration by "several of the capitalists" in

13 1Sdentific American 36 (6 January 1877): 9; Excerpt from "Dr. Bristol's Diary" dated 4 March 1877 in
Holly steam folder, Niagara County Historical Society. Holly Steam Combination Company, Ltd., Announcement
(Lockport: Union Printing and Publishing Co., 1878), 3.
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that city, who had appointed a committee to further investigate it. 138
The Rochester Union and Advertiser reported the story three days later with a generally
sarcastic tone that allowed that steam heating might serve to keep canals, lakes, and sidewalks
free of ice, but
with all these grand benefits in view, the system would never work for warming houses,
and for one simple reason-the occupant would be at the mercy of the man whose duty
it was to keep the pot boiling; or, in other woods, attend to the boilers. Suppose some
cold night, with the thermometer down below zero, the fireman of the district in which
the reader resides should take into his head to get drunk. A cold shiver runs over the
frame at the very idea of trusting to one man's sobriety for steam. For this reason it
could never be a success. If gas gave out life could be supported; but for the steam to
be shut off-the very idea is too horrible to be contemplated. Then again, the boilers in
a district might burst (such a thing as boilers bursting has been heard of), and the
unhappy resident of that district in which the accident occurred would be compelled either
to emigrate to the next district to get warm, or freeze to death in his own house. The
invention would no doubt be a splendid one when applied to canals or lakes; but for
private houses it is not to be thought of. 139
Holly spent the month of December arranging financial backing and perfecting a business
organization. Although the Holly Manufacturing Company and its investors may have had the
financial wherewithal to support the new endeavor, they did not. Thomas Flagler had financed
Holly's Lockport water supply system during the Civil War and been amply rewarded, but did
not do so for the steam project. Several explanations are possible for this. First, Flagler and
other investors in the Holly Manufacturing Company may simply have concluded that steam
distribution was not a wise investment. Secondly, whatever their opinion of Holly's steam idea,
they may not have had sufficient liquidity at that particular time. The trial in Holly's patent
infringement suit against Union City, Indiana was held during the November 1876 term of the
federal district court in Indianapolis and other litigation was in progress against the Vergennes
Machine Company of Vergennes, Vermont. While Holly himself, as patentee, was the petitioner
in both cases, it is likely that the company was paying the legal costs. Thirdly, as previously
shown the waterworks business was not particularly booming at that time, with layoffs at the
Holly Manufacturing Company due to the lack of orders. Under these conditions, it would have
been unlikely that funds would have been available for development of an unrelated business

138Lockport

Daily Union, 28 November 1876.

139 Rochester

Union and Advertiser, 1 December 1876.
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venture in such times. Finally, Holly may not have asked for or desired financial support from
the water works company or its investors, instead choosing to find new investors for this new
venture. Whatever the reasons, Holly appears to have maintained good relationships with the
Holly Manufacturing Company, as can be seen from the correspondence and meetings held with
Thomas Edison in late 1879 in an attempt to sell Holly engines to the Edison Illuminating
Company in New York. 140
In late December Engineering News acknowledged the Holly system in the following
article:
The Lockport, N. Y. papers report that the curious experiment of heating the city with
steam, after the same manner that it is lighted with gas, is soon to be tried. It is not
thought possible to have one boiler do the job, but the city is to be divided into districts,
and each district is to have its separate boiler. A good chance apparently for loss of heat
and condensation. When the houses are all piped some inventive genius will be called
on for a meter to register the "mode of motion" which used to be called caloric. 141
Holly's proposal managed to interest enough Lockport investors that in the first week of
the new year they incorporated the Holly Steam Combination Company, Limited. On the fifth
the board of directors met and elected officers. Samuel Rogers, proprietor of Samuel Rogers &
Co., a Lockport stationery store, was elected president and Isaac H. Babcock was elected vicepresident. Babcock had become secretary and treasurer of the Farmers and Mechanics Savings
Bank the prior November after the disappearance of his predecessor, who was eventually thought
to have fallen or jumped into the Niagara River. David F. Bishop was elected treasurer and
Frank N. Trevor secretary. Scientific American made reference to the Holly system in early
January, drawing attention to the previous attempts of Lewis W. Leeds to establish such an
enterprise in New York. Although Leeds was a well known authority on heating and especially
ventilation, no evidence has been found to substantiate this claim. 142
The New York World on 26 January 1877 devoted "a large space in its columns to

140see Chapter 3 for the patent litigation cases. Correspondence with Edison is in the Edison Papers
collection, reel 50:102, 143, 148.1, 160, 166, 167, and 169.
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Leeds gave several lectures on ventilation to the Franklin Institute in 1868-70, which were printed in the ]FI and
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explaining Mr. B. Holly's system of warming a city by underground transmission of heat." The
extraordinary snowfall in New York that winter led a reader to suggest to the New York Express
that waste steam be run through pipes under the streets and sidewalks to melt the snow, since the
writer had some years earlier used a similar arrangement to heat a building "situated about two
hundred feet distance from the engine."

The Lockport Daily Union thought that while

"utilization of waste steam in the scheme may reasonably seem impracticable," it would be a
simple matter to "put the Holly Steam Combination Pipes in Broadway, and combine the heating
of all the buildings on that thoroughfare with the summerizing of the street itself, and you have
something worth thinking about." 143
At some point, probably January, Holly published a book outlining economic and
technical details of his scheme. No copy of this book, or even its title, has been found, but
several newspaper articles reported its existence and printed excerpts. The Rochester Union and

Advertiser in late January 18787 urged Holly "to push his enterprise forward as rapidly as possible
in the interest of shivering humanity" and published the following from Holly's book:
In cities or towns of from 3,000 to 8,000 inhabitants, where the main business portion
does not exceed one-half mile square, one set of boilers, located near the centre of the
place, with pipes leading out in four directions, will do all the work. If the city is one
mile square, four sets of boilers will be necessary . The main pipes that leave the boilers
will be 4-inch, and diminishing to 3 , 21h, 2, l1h, and 1 inch at the extreme end away
from the boilers, the mains of 4 inches continuing at the use along the lines may demand.
The main pipes are placed about four feet below the surface of the earth. The iron pipes
are first covered with asbestos, and then put in a wood pipe four inches thick, and
leaving a space for confined air between the asbestos and wood. This outside pipe keeps
all water and moisture from the steam pipe, and prevents condensation. The pipes, both
wood and iron, are put down in lengths of two [hundred] feet, when they terminate in
hollow, upright posts, firmly secured in the earth. The upper part of this post is
arranged so as to receive the ends of the steam pipes through stuffing boxes to allow the
pipes to expand and contract, without moving the post. The posts are also arranged so
as to receive the ends of the service pipes either with or without expansion joints. It will
be seen that the service pipes are not taken directly from the mains, but from the hollow
supports, thus allowing them to be attached or detached from the support instead of
passing through the outside wooden pipes to enter the steam pipe, which could not be
done, because the steam pipe expands and contracts, while the wooden pipe does not.
Tests made during the month of July with very small pipe, proves that steam may be
carried through well protected pipes for a distance of a mile, and then be more
economical than any other system. But it is thought that 1,200 or 1,500 feet each way,
making a half mile square, is about all that need be finished from one location. This,
even in a city with a population of 1,500, would include nearly all the business places,
hotels, churches, and schools. Buildings further out could be reached by a single line of
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small pipe. Steam can be manufactured on a large scale for one-fourth the cost that it is
on a small scale for warming a single dwelling or block. You can stop the expense at
any time by turning the steam cock in your house, whereas in the use of a private boiler,
when you shut off the steam, combustion goes on just the same.
"The publishing of this book," added the paper,
appears to have exhausted the energies of the inventor, as nothing more has been heard
on the subject, and winter is rapidly slipping away. This Holly system, next to the Keely
motor, is one of the most brilliant discoveries of the age, and entitles the discoverer if
not to the honor of canonization at least to the admiration of mankind in general. Mr.
Holly is well known as the inventor of the so-called Holly water works, and he wishes
to still further increase his reputation by generating vapor for the benefit of shivering
mankind. Of course if such an enterprise could be effectually carried out every northern
community would have cause to bless the name of Holly. Our readers can imagine after
the experience of the last two months the value of such a scheme as this. No more snow
in the streets, no more icicles on the roofs, overcoats also could be dispensed with, and
the expensive seal skin sacques ladies so delight in would become as a dream to them.
The introduction of this system into houses has, of course, several drawbacks. In the
first place the amount of heat consumed could have to be measured by some kind of
meter. Every one is aware from experience with a gas meter how the instrument
records. Several families have already been conveyed to the insane asylum from the
actions of the gas meter alone, in their vain endeavors to solve its hidden mysteries . The
less gas is burnt, the more the meter registers, and there are cases on record in this city
where persons have been ruined by shutting off the gas and burning kerosene-an act
which the gas meter never fails to revenge by tremendous feats of addition and
multiplication, and if this burden on the house-holder was supplemented by a steam meter
universal bankruptcy would be the result. Another point worthy to be noticed is the fact
that, like gas, the steam might sometimes fail to work. Such an accident as this would
invariably happen on the coldest day of the year, and the unhappy family who were
dependent on Mr. Holly's machine for their heat would have to go to bed and swear at
the inventor and everyone in general in order to keep warm. For several reasons, then,
it is doubtful if this scheme will ever become a popular one, and it would require a great
deal of persuasion to induce the owner of a house to trust his earthy happiness in the
hands of one of Mr. Holly's engineers. 144
The Keely motor was later exposed as a fraud , but in defense of their local industry the
Lockport Daily Union reported the following day that
The scheme of Mr. B. Holly, of this city, for heating a city by steam, is being widely
circulated by the publication of our compilation from Mr. Holly's book in the
metropolitan papers. The idea is treated in various degrees of seriousness by different
papers, with a noticeable approach towards endorsement since the actual formation of a
company here to put it into operations. The Rochester Union, which made the idea a
subject for facetious remark when it was first broached, yesterday copied the compilation
referred to and proceeded to croak in two tones-one relating to the frauds there might
be in the steam meter, and the other touching the possibility of a failure in the machine
on some very cold day. But of course the Union means nothing-only talks for fun. The
steam heating companies will, of course, be formed of gentlemen who never belonged
to a gas company, and consequently a steam meter will be a meter. As to the danger of
failure of operation, we would ask, is not every steam apparatus liable to the same
mishap? And who more likely to turn the wrong screw in the machine and throw an
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elegant household from the mildness of a tropical temperature into the vigors of a polar
winter, than the wealthy, but unscientific paterfamilias who knows no more about the
apparatus "than a cow does about a musket? " And who is there more likely to know just
what screw to turn and how to keep the furnaces in order than the engineer in
charge? 145
Further details from Holly's book can be gleaned from other references, such as this item
from the Cleveland Trade Review:
Allusion has already been made in the columns of the Review to the plan proposed in
Lockport to heat the city by steam. The matter has gone beyond mere talk, and a
company has been formed, known as "The Holly Steam Combination Company,
Limited. " The experiment is to be actually made under the following estimate:
Estimated present cost of coal, wood, kindling, labor, repair of stoves and furnaces for
warming the following district in the city of Lockport, being about one-half mile square,
bounded as follows : East by Washburn street, south by High street, west by Saxon
street, north by Caledonia street, including the following:
475 dwellings at $100 each (for fuel and labor) ... . ... .. . . .. . . . .. . $47,500
150 stores at $125 each .. ... .. . .. . ... ... . . . . . . . . . . . . . . . .. $18,700
250 offices and rooms (over the above the stores) .. . ... .. . . .. . . . .. . $12,000
12 churches at $400 each (labor and fuel) . . . . . . . . . . . . . . . . . . . . . . . $4,800
10 hotels at $700 each, 4 schools at $600 each,
1 opera house .. ... . . .. ... ... . . . . . . . . .. . .. . . . . . . $10,500
Factories, shops, mill offices, &c. . . . . . .. ... . ... . .. .. . . . .. . . $1,500
Lifetime of stoves and furnaces for 10 years,
at 10 percent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $5,000
Total . . . . . . . . . .. .. . . .. .. .. .. .. . . . . . .. . $400,400

First cost of warming the above district with steam:
18,480 feet of main pipe at $1 per foot .... . .. .. . ... . .... . . . . . . $18,480
Building and smokestack . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $8,000
Six steam boilers and fixtures . ... . .. ... .. . . . . . . . . . .. .... . .. $10,000
Lot for building and coal yard . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $3,000
Incidentals . ... . .. . .... . . . .... .. . . . . . . . . . .. . . . . . . . . . . $3,000
Total . . . . ... . . .. . . . .... . .. ... . ... . ... . . ... .. . $37,480

A book has been written by Mr. Holly, in which he sets forth fully his plan for supplying
steam for heating and doing all the various machine labor of cities and villages, domestic,
mercantile, manufacturing, &c. 146
Writing the book was not enough to exhaust Holly, and he was soon at work writing four
patent applications to protect his ideas, signing them on 21 April 1877. He then began work on
the system, which was under way by 4 May when Dr. Bristol, a Lockport physician recorded in
his diary: " .. .building Holly steam heating works, to heat all God's creation." The patents, filed
in Washington on 14 May and awarded on 17 July, were not the first filed by this prolific
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inventor, but his recent and extensive waterworks patent infringement litigation (the Holly
Company spent over $30,000 in legal fees pursuing these cases) probably resulted in the writing
of extensive and detailed patents. Although somewhat involved, careful analysis of these patents
gives some insight into Holly's conception of the system at that moment, especially when
compared with earlier and later evidence. 147
The primary patent was for "improved apparatus for utilizing steam in heating buildings
and driving machinery" with ten pages of dense text and 25 figures describing the essential
elements and claims of Holly's system. Unlike the simple idea protected by his direct pressure
water supply system patent, supplying steam through underground pipes to separate buildings had
been patented by John Hoyle in 1791 , and as recently as 1873 John Coleman received a similar
system primarily for fire protection. Holly thus emphasized the apparatus and especially his
improvements over earlier systems, offering that
My invention relates to a new and useful mode of supplying large districts of dwellings,
and other buildings in cities and villages, with steam, not only for the purpose of
warming, but also to supply power for driving machinery within buildings in such
districts; also, the means whereby the fire-engines of a city or town may at all times be
utilized for the extinguishment of conflagrations, although such engines be constructed
so as to dispense with steam-boilers and attendant mechanism for "getting up steam;"
also, the means whereby ordinary hydrants of a city or town may at all times be
economically and securely protected against freezing; also, a cheap and ready means for
freeing the streets of cities of accumulations of snow and ice; also, the means whereby
greenhouses, conservatories, and other outhouses may be heated; and, finally, the means
whereby steam and hot water may be supplied for culinary and other domestic
purposes. 148
For illustrative purposes, Holly includes a plan and section of a district of buildings in
a hypothetical city or town, showing a system of underground steam pipes supplying an area up
to one-half of a mile from a centrally-located building where the "necessary boiler-works for the
generating of steam to be distributed throughout said district for the purposes contemplated in the
carrying out of my invention." The boilers, whose capacity "should be sufficient to afford a
steady supply of steam to the main pipes," supply a pressure "of about from forty to sixty pounds
to the square inch" to the main pipes, buried "about four feet below the surface of the street,"
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where
in rigorous climates-in fact, in all climates-these mains, although embedded beneath
the streets at considerable depth, are more or less subject to longitudinal expansion and
contraction, due to changes in temperatures. Hence it is necessary to provide against
such expansion and contraction, in order to avoid either breakage of the mains, leakage
of steam, or other damage, which would make the use of lengthy underground steammains impracticable.
In January, Holly had proposed the use of stuffing boxes and "hollow, upright posts,
firmly secured in the earth" to handle pipe expansion and contraction, but by April proposed the
use of "junction service-boxes" for this purpose, placed along the main pipe at intervals of "about
one hundred to two hundred feet" and were "made of sufficient size and with a trap-door, so as
to be accessible for repacking the expansion joints and valves and repairing the works within the
box." The apparatus in this underground box (Figure 19) served several functions in addition
to serving as an expansion joint. Individual service pipes could be connected to each side, with
individual shut-off valves inside the box accessed from the street by a key-rod. The entrance to
each service pipe had a hood whose opening could be turned up to receive dry steam from the
upper portion of the box, horizontally to admit wet steam, or turned down to receive the
"commingled wet steam and water of condensation which may have accumulated in the bottom
of the chamber." The box served to connect two sections of main pipe, one of which was
screwed into a sort of ball joint that made it "capable of deflection from . a right line to
accommodate it to the grade to meet any other contingency of position," including settling or
movement of the pipe after installation. The second pipe was screwed together with a short
section of pipe that was to handle the actual expansion of the main pipe, with its end nickel plated
where it came into contact with the fixed packing material forming a sleeve. The nickel plating
was used to "avoid rust and the great expansion of brass" and to secure a "smooth anti-frictional
surface" which would not be "subject to great expansion." A valve to shut off the steam in the
main pipes would be incorporated "at some convenient point within each junction service-box,
and between its steam and expansion chamber and the source of supply of steam to the mains"
for use during repairs or adjustments. 149
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Figure 19 - Holly's 1877 junction service-box. Source: U.S. Patent 193,086.

The main pipes, "throughout their entire extent, up to and slightly within the junction
service-boxes," are surrounded
by a wrapping of asbestos, hair cloth, or any other non-conducting substance, or with
both asbestos and hair-cloth .. thus confining, and, as it were, insulating, the steam
within the mains, and so preventing its condensation. The mains, with their wrapping,
are then inclosed in a water-tight outside pipe, either of wood or iron lined with wood,
and this pipe is then embedded in and covered first with sheet-zinc or tile, and thereafter
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with some porous substance like tan-bark of sawdust, to retain confined air, while
underneath such outside pipe tiles are properly laid to carry off wa~r, which would
otherwise settle around it in the trenches in which the mains are laid.1 0
An illustration of the simpler insulation for the

,,..

service pipes is shown in the patent but not described in
the text, while expansion and contraction of these smaller
pipes is accommodated by elbows, with the wooden
covering made larger around these corners (Figure 20) to
avoid restricting movement.

Although Holly advocated

that all connections be made at the junction service box, he
did incorporate the possibility of connecting a service pipe
directly to a main pipe by simply providing an oblong hole

Figure 20 - Detail of service pipe
elbow.
Source: U.S. Patent
193,086.

in the outer wood pipe to permit the connected end of the
service pipe to move horizontally as the main pipe expands or contracts. Again, the insulation
around such a connection (Figure 21) leaves room for this movement. 151
At this point the steam is still outside and here
Holly introduces a "practical plan for utilizing the steam
from said mains" by connecting the service pipe to a steam
hydrant "situated upon the sidewalk." The steam hydrant
would be located adjacent to water hydrants so that the
service pipe can "impinge against such hydrant" in order
to "prevent the water in the hydrant from freezing during
the winter season." The hydrants provided steam through
a hose to power pumps on a fire engine that had "no boiler
or fire," while a second hose from the hydrant supplied
water . The advantages of this
are apparent in that the water in [the] hydrant is

150Ibid.
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Figure 21 - Detail of service pipe
connected directly to main pipe.
Source: U.S. Patent 193,086.
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never frozen, and the steam in the hydrant is always "up" and ready for the engine.
Besides this, the cost and weight of a fire-engine may be reduced about one-half that of
any other' at the same time the alarming appearance caused by the fire, smoke, and
noise, while running to and working at a fire, as well as attendant casualties, are avoided.
The steam hydrant is supplied with high pressure steam, but "in case there should be no city
hydrant adjacent to a building to which steam is to be supplied" the service pipe would connect
directly with the building, where it "may supply steam directly to a heater or radiator, and so
warm an upper room, while a branch conducting pipe may lead into another heater in the same
or another apartment." 152
Not content with merely supplying steam, Holly adds that
It is desirable, however, not only to regulate the supply of heat to a given building, but
also to ascertain the amount of steam supplied under a given pressure, as well as record
such supply, in order than a uniform proper price may be charged to the occupant of the
building for the steam used to heat the same, and for other purposes.
To achieve this, valves are installed "to compel the steam to pass into and through a steam-meter,
by means of which the pressure and supply of the steam is primarily regulated within the building
and the consumption recorded." The heart of this device (Figure 22) is a cone valve which
controls the flow of high pressure steam through an annular diaphragm, which is sized so that
when the valve is fully open it will be "of a sufficient size to supply all the radiators in a given
dwelling, or have about an area of three-fourths of a square inch for every hundred thousand
cubic feet of space to be warmed." The large end of the cone valve will fill the diaphragm
opening "so as to form a close joint," so that "the amount of steam passing through the
diaphragm will depend on the position of the cone valve as it moves forward and back through
said opening." Attached to the valve stem is a recording bar with an attached "pencil-finger"
that records steam use by drawing a line on a calibrated ribbon of paper (Figure 23) advanced
by "a shaft which in ordinary clock-work gives movement to the hour-hand of a clock. " 153
The recording paper is "ruled lengthwise with eight or ten black parallel lines and with
a red line on one edge ... which is termed the 'zero'-line of the ribbon, and on which zero line
the pointer will rest when the valve is closed." Cross lines are provided for each hour, with
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Figure 22 - Holly steam meter, 1877. Source: U.S . Patent 193,086.

thicker lines representing midnight and noon. Moving the cone valve, which can be either screwor lever-operated, lets more or less steam pass through the meter while recording consumption
on the meter paper. Steam passing through the valve is also reduced in pressure, and in Holly's
words:
My object is using high pressure in the mains and a low pressure in the dwellings is to
keep the said mains as small as possible, on account of expense and loss by condensation,
while low pressure in the buildings is not as lia~le to cause leakage in the joints, valves,
and packing, besides being considered safer." 1 4
Although buildings of different sizes would require different meters, "any number of
these ribbons
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may be provided in advance of their use, as the same ribbon will
answer for all the different sizes of meters within the district of
buildings to which steam is supplied, as well as for all pressures of
the steam.

'

Billing for the amount of steam used was straightforward, since
Each different size meter should have its number, and each ribbon
of paper placed on a meter should be numbered to correspond with
the number of the meter on which it is to be used. This being done
the value of the steam between the longitudinal lines will be known
by its number. This value may be computed with considerable
accuracy by the area of the diaphragm-aperture and the velocity of
steam at given pressures. But when great accuracy is required, a
company or producer supplying a city or town with these works
should be provided with an apparatus for that purpose, consisting
simply of a surface condenser, or coil of pipe submerged in cold
water, of sufficient size and length to condense all the steam that
will pass through the largest meters within a given time. Then the
value is obtained as follows: Supposing the meter is to be used
with a pressure of forty pounds above the cone-valve, and at or near
the pressure of the atmosphere below the cone-valve. First, close
the cone-valve and thus station the pencil on the zero or red lines
of the ribbon; then open the cone-valve until the pencil reached the
first black line which runs lengthwise of the ribbon, and there stop.
This will allow a small quantity of steam to pass into the condenser
where it will be condensed and come out pure distilled water. Let
the valve remain open one hour, then close it and weigh the water.
Multiply the weight in pounds by 27.7 which will give the number
of cubic inches of water. Each cubic inch of water was a cubic foot
of steam at the pressure of the atmosphere, before entering the
condenser. Then multiply the cubic feet of steam by 24 (the hours
in a day) and the result by 30, (the days in the month,) and this will
give the number of cubic feet of steam for one month. Then, again,
open the valve till the pencil reached the second black line running
lengthwise of the ribbon, and repeat the process at each of such
lines until the cone-valve is wide open.
If the result of the above rest should show an increase of
one hundred cubic feet of steam for every successive longitudinal
line reached by the pencil, over the number of cubic feet shown for
the immediately-preceding longitudinal line, then the meter would
be of proper size for a dwelling or other buil~Jng containing fifteen
thousand cubic feet of space to be warmed. 1
As an example, consider a meter in a dwelling that at the end of a
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Figure 23 Paper ribbon
for recording
steam use.
Source: U.S.
Patent
193,086.

month recorded an average of five full spaces, with each of the squares on
the ribbon representing the consumption of one hundred cubic feet of steam for one hour. To
obtain the cost for one month or one year is as follows:
One hundred cubic feet per hour multiplied by the number of hours in a day shows the
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consumption of twenty-four hundred cubic feet each day, which, multiplied by the
number of days in a month, shows the consumption of seventy-two thousand cubic feet
for one month, which, multiplied by two, the number of cents charged for a thousand
cubic feet, will amount to one dollar and forty-four cents per month for each full space,
and such sum being multiplied by five, the number of spaces, will make a total sum of
seven dollars and twenty cents per month; or, a grand total of fifty-seven dollars and
sixty cents per year, if the said value per month be multiplied by eight, which is the
estimated year's use of steam for warming the building. 156
The ribbons "may be collected once a month,
and any broken spaces, indicated by the pencil arranged before they go to a book-keeper,
who, having a table with the price per month of each of said full spaces of the ribbons
for the different size meters, will know at once how to make out his bills.
As to accuracy, the meter "will work practically correct,
even if the mean pressure of steam should vary five pounds either way from forty pounds
pressure, in which case the loss or gain to the consumer would not exceed two per cent.
Furthermore, the meter is "equally good for measuring many other fluids, either hot or cold,
where the pressure below the cone-valve is less than above it."

Covering all potential

competitors, Holly adds that "I have also spoken of transmitting steam through long lines of pipe.
The same apparatus is equally good for hot fluids, either water, air, or oil." 157
Having been measured and regulated, the steam is now free to continue (at a lower
pressure) to the radiator and to a pressure gage to indicate visually the pressure inside the
building. Also, the low pressure steam is piped to a "diaphragm-regulator" that regulates the
pressure in the building.

The regulator is "of simple construction," consisting of a steam

chamber, a flexible diaphragm held in place by an annular ring, a lever pivoted to an upright
projection of the annular diaphragm, a downward projection resting upon a boss secured to the
flexible diaphragm, a cord, weight, and sheave connected to the key-operated cone-valve meter
described above. In Holly's words:
I will now suppose the cone-valve to be closed, and that the operator desires to let a
quantity of steam into the radiator sufficient to heat it, and that such quantity will be
furnished at a pressure of two pounds. To do this the key is turned forward by the hand
of the operator, thereby opening the valve. The forward movement of the key is
continued until the pressure-gage indicates the two pounds pressure. This done, the
operator raises the cord over the sheave, and adjusts the weight along the level of the
regulator until the lever assumes a horizontal position, care being taken, during such act,
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not to further open the cone-valve. Then being done, a steady heat at two pounds
pressure of steam will be furnished said heater. After a while it becomes desirable to set
[another] heater in operation, and accordingly the [radiator] valve is properly turned and
steam admitted. This act at once reduces the two-pound pressure in the chamber of the
regulator, whereupon the weighed level will commence to fall below a horizontal
position, and so draw upon the cord, at the same time elevating [the] weight, and thereby
opening the cone-valve until the given pressure is re-established for both heaters, the
same as it previously had been for only one. After another interval of time it may be
found desirable to only use one of the heaters. Accordingly the steam is cut off from one
and this act increases the steam pressure in the regulator. This extra pressure in the
chamber under the diaphragm of the regulator will accordingly close the cone-valve just
enough to keep the right suppl~ of heat to the [single] radiator, and practically under the
original two pounds pressure. 58
As the steam completes its long journey through meters, regulators, pipes and radiators,
it condenses, releasing its latent heat for useful purpose, and ends up in the steam trap, a "selfacting device for the discharge of condensed water from steam-engines or steam-pipes." The
steam trap simply keeps the steam in the pipe until it has condensed, then automatically
discharges it. While many such devices were in use at that time, Holly invented a new one for
use with his new system. Not surprisingly, his trap "answers a double purpose," being reheater
as well as a steam-trap. Typically the condensed water from a steam trap was simply sent down
the drain or, alternatively, returned to the boiler, as was the case in Coleman's 1873 steam supply
system described earlier. Although he had not explicitly said so yet, Holly did not consider it
worthwhile to install the second pipe necessary to return the condensed water to the boiler plant
to be reused, rather preferring to squeeze as much as he could out of the steam and then
discarding it. To do this he makes extensive use of the condensed water, which still retains
significant heat. In one scenario, such as a large dwelling or store, the steam comes into the
basement, condenses while heating the upstairs radiators, then is stored, and if necessary
reheated, in Holly's trap before heating hot water radiators in the basement or a backyard
greenhouse, using gravity and steam pressure to circulate the water. The water from the trap
may also be delivered to a tank in the kitchen, "there to be used for culinary and other domestic
purposes." Likewise, the trap could be located on an upper floor with the condensed water
heating the lower stories. "In this manner," Holly wrote, "I am enabled to utilize, either in the
condition of steam or in the condition of hot water, nearly all the heat let into the building,"
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adding that while he preferred to use his own trap, "still a trap of ordinary construction might,
with good results, be substituted therefore, for the purpose of heating by steam only." 159
The severe winter of 1876-77 dumped huge amounts of snow on the northeast United
States and municipal authorities were generally unable to remove it from city streets and
sidewalks without great effort and expense. This may have prompted the addition of another
feature, the "ready and inexpensive removal of snow and ice." This feature involved installing
"a large underground tank or box provided with an exit-pipe which is made to communicate with
an underground sewer of the city or two. " These boxes, perhaps located near the steam fire
hydrants previously, had on the bottom a coiled, perforated pipe "so that a heavy flow of highpressure steam may be let into the box ." The box would be sized to admit "one, two, or more
cart-loads
of ice and snow, gathered from the street, to be dumped through it at one time, and with
steam left on during such dumping the snow and ice will melt and run off into the sewer
of the city with very great rapidity .
This feature can be found in use else, such as in London, where
the authorities ... have a novel and effective method of disposing of all surplus snow.
Inclined plates of iron are fixed below the man-holes leading to the main sewers. Upon
these plates are ranged a series of gas burners. The snow is carted from adjoining
streets, shoveled down the man-holes, and falling on the heated plates is soon reduced
to water and passes down the sewer. The consumption of gas is very moderate, and the
cost is said to be much less than that incurred by carting away the snow on the old
system. 160
The steam supplied could also propel machinery, simply requiring a meter "of a size
large enough to pass such a volume of steam and under such pressure, as would suffice to furnish
the power required, and thus preserve a record of the amount of steam used." In addition, a
rubber hose connected to the high pressure pipe before the meter "could be taken to any part of
the house to extinguish small fires, or for the purpose of boiling clothes, running washingmachines, sewing-machines, or other machines requiring power to work them." And, finally,
I would state that in case any hissing noise should be communicated through the
steam-pipes leading from the meter to radiators in rooms above, the same may
be remedied by having such pipes made with a short section of rubber tube at

1591bid.
1601bid.; Engineering News 6 (29 April 1879): 126.
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some convenient point of their length in the basement. 161
The heart of a patent is the claim or claims that make the invention new or novel, and
in this patent Holly makes 27 claims consisting of various combinations of the components
described in the text of the patent. As a comparison, Coleman made but one claim, and it was
not even related to the overall system configuration. These claims need not concern us here, for
they are written in anticipation of competitors and infringement litigation and thus can be properly
considered when those circumstances arise. Also, no attempt will be made to further summarize
or analyze this very important patent and its many ramifications, for Holly's contemporaries will
do that in short order, as they were tested under fire in the heating marketplace.
Three other patents were issued on 17 July covering alternative devices and methods to
those in the primary patent. One dealt with pipe expansion and connections, where the pipes are
"kept stationary at points between their two ends" and each end can move in a slip joint
(Figure 24). Service pipes are connected at or near the point held stationary, thus reducing the
problem of horizontal deflection. Another patent covered a metering valve which was essentially
the same apparatus as the cone-valve regulating meter in the primary patent, but without the
recording mechanism.

A fourth patent, "Improvements in steam-generators for warming

buildings, &c.," was for a "new and useful combination of steam-generating and feed-waterheating boilers for use with apparatus for warming districts of dwellings with steam." Essentially
a series of boilers was arranged such that "combinations of pipes, flues, and valves or dampers"
could be manipulated to generate a combination of high pressure steam, low pressure steam, and
feed water heating, the latter using heat that would otherwise be lost up the chimney. A scenario
involving such an arrangement would necessitate multiple boilers and a requirement for two steam
pressures. Although we will see such systems at a later time, this particular arrangement was not
incorporated and neither it nor its unique elements are seen again. The primary patent first
referred to above mentions the boiler arrangement described in this patent, but Holly added that
"I do not in this patent confine myself thereto, as steam boilers of ordinary arrangement and

161Ibid.
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construction would answer a good purpose to carry out the
invention

embraced

b y

this patent." 162
The town of Lockport "willingly granted the new
company a franchise to open the streets for the laying of
'

steam pipes. A brick boiler house (Figure 25) was erected
on Elm street, and a used horizontal boiler, "16 feet long
and 5 feet in diameter," was obtained from a closed
factory in Buffalo and floated down the Erie Canal to
Lockport, where it was placed into position. For the
distribution system, 2350 feet of 2 and 4 inch wrought iron
pipe, similar to gas pipe, were covered with asbestos and
hair felting and placed inside wooden pipes bored out
lengthwise, leaving 2 to 4 inches of wood to insulate the

<I'

steam pipe. The entire assembly was then covered with
heavy tarred roofing felt to prevent water contact and laid
in narrow trenches three feet deep, so as to be above all
gas and water pipes. A drain of 2-inch tile, covered with

Figure 24 - Detail of alternate
connection scheme showing sliptype expansion joint. Source:
U.S. Patent 193,086.

broken stone, was placed in the bottom of the trench and
covered with a strip of board.

At the end of July, Engineering News reported that "The

necessary pipes to be used in Mr. Holly's project for heating Lockport, N.Y. by steam, are
nearly all down, and the system will be given a trial in a few days." The system initially served
only twenty residences and was purposely laid in a sparsely settled portion of the city for the
purpose of testing the power of steam without interruption. Junction service boxes were placed
in the main pipe at intervals of from 100 to 200 feet and at each one tests were made to
determine the amount of condensation, the power of the steam, and the capacity of the pipe.

162U.S.

Patents 193,085; 193,087; 193,088; 17 July 1877.
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Similar tests were conducted at the end of each
line.163
When all was ready the steam was turned on,
with appropriate celebration.

According to a 1927

account
There was considerable excitement the day the
steam was turned on: One of Mr. Holly's young
sons turned a valve and the mains were quickly
filled with steam at thirty pounds pressure. In
less than an hour the coils were hot in every
building. The first chapter in district heating
history had been written.
"Everything ran smoothly for a few days," the account

Figure 25 - Lockport Steam Heating
Plant, 1877.
Source:
ADSCO
Advocate [1927].

continues,
then trouble began. Foreign matter in the canal, such as small fish, lizards, eelgrass and
paper stopped the boiler feed pumps. Screens were placed before the pumps but even
these permitted much of the finer matter to find its way into the drop tubes of the
boiler-and as they were solid on the ends over the fire, they could not be cleaned. The
accumulated matter baked in, causing the tubes to burn off and put out the fires. This
caused a number of embarrassing shut-downs for repairs the first winter. However, none
of the buildings on the line had abandoned their stoves or furnaces and were not greatly
inconvenienced. 164
Despite the boiler problems, tests on the first half mile of pipe "were so satisfactory that
additional piping was laid, making a total distance of a mile and a third." Along with the pipe
there were eight right angles at street corners and ten valves in the main pipe, but no steam traps
in the main lines, "thus obviating one objection which had been strongly urged." The grade
descended 20 feet over the first mile, 72 feet over the next quarter mile, and 40 feet over the
remaining distance. The boiler delivered steam at a pressure of forty pounds per square inch into
the pipes, with thirty-two pounds measured at the end of the line, a drop of eight pounds from

163"1927 Marks Golden Anniversary of District Heating." Adsco Advocate, 1(1927) 5:2, 6; Engineering
News 4(28 July 1877): 200; Other accounts of the first year in Lockport are in the Buffalo Express as quoted
in the Metal Worker 9(22)(1 June 1878): 2-3; and in John F. Collins, Jr., "The History of District Heating"
District Heating 44 (April 1959): 154-61. The first reference above records the boiler as "seven ft. in diameter
and ten ft. high."
164"1927 Marks Golden Anniversary of District Heating," 2-3.
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"friction and condensation. " 165
Steam was provided to each house through a

* inch service pipe, sufficient "to warm

a large dwelling," connected to the cast iron junction service boxes described in the patent, which
allowed the main pipes to expand and contract. The service pipe was constructed to enable
delivery "at will" either pure, dry steam for heating purposes or hot water from condensed steam
for laundry purposes. This obviously refers to the hoods on the openings to the service pipe,
which could be set to any position as described, but being buried underground it could not
thereafter be changed to a different position. An automatic valve in each building controlled the
steam pressure so that "whatever the distance may be from the boiler house to the dwelling, or
whatever the pressure may be in the main, it cannot exceed a given amount." After passing
through a small meter to record use for billing, the steam passed into a "regulating chamber
either in the basement or attic, from which it diverges to the several radiators or heaters in the
house," finally condensing into a chamber and trap in the basement where it is stored in a small
cistern. This water, "having been distilled, is the purest and softest liquid possible, and each
family will daily obtain from two to four barrels, according to the number of radiators." It could
be "elevated to the kitchen by the pressure of the atmosphere without pumping, or it can be
forced to the upper story by direct pressure of the steam, without pump or engine. " 166
In late June the Lockport Daily Union described the progress on the new system as
follows:
The construction of Holly's apparatus for heating the city progresses satisfactorily to the
shareholders. The plan adopted is calculated to heat all buildings within one-fourth of
a mile in all directions from the location of the boiler. The saving will be in coal and
stoves, and the great wear and tear from their use. Mr. Holly thinks the cost will be no
more than one-half to two-thirds that under the present system. His figures, which have
been published, are very plausible. The boilers, which we will not attempt to describe,
are placed in a new and substantial brick building, erected for the purpose, on Elm street.
The generating apparatus looks quite formidable, and capable of producing heat sufficient
to keep all Lockport in a sweat. From this foundation of heat the supply is forced
through pipes laid under ground to the buildings which are to be warmed. The main
pipe, constructed of iron, is in size about five inches in diameter. Around the pipe is
wound hair cloth one half to three-quarters of an inch in thickness, and over this is
wrapped heavy Manila paper. Thus prepared, the pipes are laid in hollow logs, which

165Ibid.
166Ibid.
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are covered with zinc. It seems impossible for any considerable amount of heat to
escape, and when the pipes are once heated the waste cannot be very great. At proper
intervals are located stations or receiving boxes, the pipes extending and leaving the
station at opposite sides, so that a foot or so of intervening space permits the expansion
and contraction of the pipes without injury to the general works. From th~ ~tations the
heat is transmitted to buildings, and attached are receptacles for drippings. 6
Even though we have no direct evidence of the process of system testing and evaluation,
enough can be read from the record to isolate some critical decisions . For instance, sometime
between July and October it was concluded that "tests proved the entire feasibility of the system
for a district 2 1h miles square," with the size of the district depending on the size of pipe
installed. Pipe could be "economically laid" according to the following rule: l 1h-inch pipe for
1000 feet, 3-inch pipe for 3000 feet, 6-inch pipe for 9000 feet, and 12-inch pipe for 18,000 feet.
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Figure 26 - Map of steam system in Lockport. Source: Holly Steam Combination Company,
Announcement (Lockport: Union Printing & Publishing, 1878), 4.

167Quoted in Metal Worker 7 (30 June 1877): 338. Only about 40% of the Union and Advertiser from this
period is extant, with February through August missing entirely from 1876 through 1878.
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Furthermore, "one boiler with a blower is sufficient for the work required," although two
additional boilers were placed in the boiler house "for alternate use and to guard against
accidents." The boilers were attended by "one man for the day and another for the night. "
Based on this analysis two miles of additional pipe were laid in October and November 1877 and
additional customers connected.

The Union reported in December that "the steam heating

company has put steam into the Daniels Building, corner of Market and Union streets, and will
probably make a test in that locality this afternoon." By March the company's three miles of
steam pipes were warming a large school building (105,000 cubic feet or about 10,000 square
feet), the "largest hall in the city" (150,000 cubic feet), and forty large residences, all "at an
average of 70 degrees ." In addition, two steam engines of eight and ten horsepower were
powered, one "over half a mile from the boiler house." Altogether some one million cubic feet
were heated from the single boiler. 168
Having proven that the system
worked, the Lockport men moved to the
next order of business, which was to
market it to the country and the world .
The Holly Steam Combination Company
issued a sales booklet that includes a map
(Figure 26), a layout of the boiler house,
intended to contain six boilers, so that "if
one boiler from any cause is disabled, if
will not interfere with the operation of the
others."

Dual

connections

are also

provided to the street mains .

A

simplified illustration of the junction
service box illustrated in the patent is

.

•
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Figure 27 - Detail of 1877 steam meter.
1878 Announcement, 21.

included, along with diagrams of the

168Ibid.;
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Lockport Daily Union, 14 December 1877.
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Source:
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meter (Figure 27) and pressure reducing valve (Figure 28), the latter a great improvement over
the similar drawings in the patent. 169
The marketing pamphlet also includes
features and apparatus not contained in the patent,
including a section under the heading "steam
cooking and laundry work" which notes that "in
many large hotels the greater part of the cooking
is done by steam and gas, but the apparatus is too
expensive to go into general use." A steam stove
for domestic use "may be made of sheet copper,
galvanized iron or tin, and costs from five to
twelve dollars." The stove (Figure 29) has a 9inch central opening or steamer that "may be quite
long, extending downward, with compartments, so
as to cook several kinds of vegetables at the same
time."

Six 6-inch outside receptacles are "for

cooking oysters, custard, tea, coffee, puddings,
etc., all at the same time." Several advantages
were offered for the steam stove. Cooking "can
be done more quickly and better than by a wood
or a coal stove, and without danger of burning,
and avoiding extreme heat in the room during

Figure 28 - Pressure reducing valve.
Source: 1878 Announcement, 13.

warm weather." Less fuel would be required, as
"one pound of coal will cook the above-named articles in less time that it would take to start a
good coal fire." The stove was portable:
The steam can be taken from the air valve of the radiator in the dining-room, through a
small rubber hose, into the bottom of the central column of the stove. It can also be

169Holly Steam Combination Company, Announcement (Lockport: Union Printing and Publishing Co.,
1878).
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removed to any room of the house, in
which there is a radiator, and there
used .
The company did not claim to have at present
a complete and perfect steam stove,
for every branch of cookery. But
beyond a doubt it will all be
accomplished within a few
months-and with the aid of gas for
cooking one or two articles-a
beefsteak, for example-we could
now say good-bye to stoves and
coal.170
Furthermore, using
an ingenious invention of Mr .
Holly-the anti-thunder box-steam
may also be discharged directly, yet
without noise, into water for laundry
purposes, or in bath tubs, and in a
Figure 29 - Holly steam stove, 1878.
very few minutes it can be raised to
the boiling point, thus doing away
with the system of hot water circulation in houses.
Also, a "room for drying clothes may also be cheaply arranged, a coil of pipe on the floor, with
racks to slide in over the same," which would "do the drying very expeditiously."171
All kinds of radiators, both direct and indirect or a combination, could be used in the
system. The company itself "was using, with entire approval, the radiator made by the Walworth
Manufacturing Company, of Boston." Holly also introduces here his new "atmospheric radiator"
(Figure 30) that uses steam at atmospheric pressure, thus permitting the use of "thin sheet copper,
galvanized iron, or other durable sheet metals" rather than the castings required by steam
radiators using higher pressure steam. Four advantages were given for this device:

1) It can be made and put up for half the cost of other radiators.
2) The same surface will give off more heat than a heavy cast or wrought iron radiator.
3) A very small portion or a large portion of its surface may be made hot, while the
remainder will be cold; and the water of condensation will give off all its heat and go
directly to the tank in the cellar, at low temperature. There being no valve or back
pressure in the return pipe, no water can ever accumulate in the radiator. There being
no pressure in the outlet pipe after the steam has passed the valve, no water can escape
to soil the carpet. No air valves are required.

170Ibid., 14.
171Ibid.
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4) Condensation in the pipes in
the basement and about the
building is reduced to about onethird of the amount due to the old
system, for the reason that a onefourth inch steam pipe will supply
radiators to warm 6000 cubic feet
of space, while it requires a
three-fourths inch pipe to warm
3000 cubic feet by the ordinary
method. The return pipe being
cold, there is no condensation,
consequently no covering is
required. As no trap is necessary
in connection with this radiator, it
will be very desirable in many
places, such as shops and offices,
and in houses where there is no
basement. 172
In addition to domestic uses,
"machinery for a great variety of light
mechanical and manufacturing purposes,
which exists in all cities, will be
operated, and the exhaust steam used for
heating in the same building," Holly's
first mention of using exhaust steam for
"Steam heating," we are

heating.

informed, "is not new ..
but the supplying of steam to the

public, by measure, at a price,
and its delivery through mains
and laterals of iron pipe laid in
the public streets, is entirely
novel.
Others may have
entertained the vague idea that
district of dwellings could be
Figure 30 - Holly atmospheric radiator.
supplied with steam for heating
and power, but they never yet
have invented the instruments or appliances by which it could be done. Without certain
vital parts and combinations, the system of Mr. Holly would be imaginary only.
Through his skill and genius he has invented these indispensable links to a perfect

172Ibid.,
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working, plan and they are secured by letters patent. 173
Several reasons to adopt the Holly system were given.

Under the heading of

"Convenience, Neatness, Health," the reader was reminded that
The expense of gas is several times that of kerosene, yet it is extensively used in
preference, because always at hand, safer and better. Since steam can be supplied in the
same way, by simply opening a valve, and at no increase of expense, why should it not
come into general use? There will be no storage of coal or removal of ashes. The dust
which gives the careful housekeeper so much annoyance by settling upon carpets and
furniture and the decorations of walls and ceilings, is banished, and much labor saved
and damage prevented.
This dust, together with more or less gas escaping and being breathed by those
who are necessarily confined much of the time within doors, is the cause of many throat
difficulties and headaches, to which some persons are subject during the winter season.
Steam heat, in connection with our indirect system of ventilation, proves in actual
experience a perfect remedy for these difficulties in numerous cases.
Why do people so frequently take cold at home, with no special exposure, and
why is the current and popular belief that "we take cold more readily in the house than
in the open air," so often verified? Simply in consequence of vitiated or impure air,
from want of ventilation, and the escape of deleterious gases, dust, and the smoke from
stoves and furnaces; and also from falling and frequently changing temperatures.
Uniformity of temperature, as well as a proper degree of heat and moisture, is
essential to comfort and health, not only during the day, while the head and hands are
at work but as much during the hours of rest and sleep. It is a mistake that "a cold
sleeping-room is better than a comfortably warm room." While thorough ventilation is
necessary in a sleeping apartment, it is not true, as is often claimed, that "there should
be no artificial heat." But on the contrary, it is one of the most important of all health
questions to secure a uniform and properly warmed atmosphere to sleep in. When the
mind and body are at work, the system is much better fortified against the effects of
change of temperature, the inhalation of noxious gases, etc.; therefore we must see to it
that our sleeping apartment, first of all, shall be supplied with pure, warm air. How to
best accomplish this seems evident, since no other system of hea;ing is absolutely free
from dust, gas, and the sudden rising and falling of temperature. 1 4
The safety aspect is not ignored, for
"when all this is done, all fires will be banished from buildings, and conflagrations
averted except from external causes, which will be largely removed when whole blocks
or districts are supplied with steam apparatus. The rates of insurance should be
correspondingly lessened. 175
Finally, the economy of the system is made manifest:
The tests made during the winter establish this beyond question, viz: That the
same amount of heat can be supplied at a good profit for what the coal and wood bills
of consumers would be for stoves and furnaces , and the quality infinitely superior. And
at the same time the loss on stoves, stove-pipes and furnaces by deterioration is saved.

173 Ibid,
174Ibid.,
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Any one, by a little reflection and examination in a general way, will understand the
saving effected, inasmuch as it is well understood that, as a rule, the coal bill is about
half of the total expense of an apparatus-estimating the ordinary depreciation and repairs
upon fixtures, the cost of stoking, removing of ashes, etc. It is admitted that, by other
systems, sixty per cent. of the heat goes up the stove pipe. Under this system this waste
is practically stopped, the loss being confined to a single stack at the boilers, which may
serve to supply steam for several hundreds or thousands of buildings, while the care and
labor of a single boiler establishment is substituted for as many separate establishments
as may have connection with the works. By the use of cheap fuel, coal dust, or slack
under the boilers, with a blower, it is at once seen that a further large savings may be
effected. 176
The company offered "to give other valuable information to those who would like to take
an interest in this new and promising invention" and extended an invitation to "all interested
parties who can, to visit us during the present spring, and witness the work we are
accomplishing." The public had a "general interest in the success of the new enterprise, it can
be shown beyond a doubt that it also opens an extensive and remunerative field for the investment
of some of the surplus capital of the country." The company expected that the Holly steam
system "will be very extensively adopted within a short time, as stock companies are forming for
the purpose in the Dominion of Canada, and in various cities in this and other states." "From
the incredulous and criticising," the text concluded, " we ask the closest examination, while we
invite the co-operation of those who desire to become directly interested in a business point of
view."
Several testimonials were appended to the pamphlet, all dated between 23 and 26 March
1878. Mayor H. D. McNeil praised the heating of the school building and the fire protection
while S. F. Gooding, city surveyor, reported that "so far no serious inconvenience to the public
in the use of the streets has been occasioned while in process of construction."

The

superintendent of streets, John W. Beek, confirmed that "the manner of laying street mains does
not materially interfere with the affairs of a public street, and when the work is completed the
streets are in their former good condition." Daniel K. Humphrey of the Locust Street Wood
Yard had used steam "for running my engine, which while I run a 20 inch buzz saw, and an axe
for making cord wood into stove wood, and at all times have ample power for the work." On
the Lockport map (Figure 26), Humphrey's engine is identified as 8 horsepower. John Noble

176Ibid.,

24-5.

126

of 69 Market Street bought steam for his 10 horsepower engine and to heat his entire building,
wrote that "I prize the system very highly, on account of its safety from fire." James Jackson,
Jr., president of the board of education, heated his own residence at the corner of Walnut and
Pine "in a most satisfactory manner," while the system also heated "one of the largest school
buildings in the city" which "has been more perfectly warmed and ventilated than ever before."
A general letter signed by 35 residential customers recommended the "system to all who can avail
themselves of its use." Among the signers were Holly, his son Edgar, and three directors of the
company. 177
The dates on the testimonial letters are of some interest, for they were written just after
Judge Thomas Drummond affirmed Holly's exclusive rights "to construct water-works on the
Holly system of direct pumping and without a receiver or standpipe" after four years of patent
infringement litigation against Union City, Indiana, news that made the front page of the New

York Tzmes . While it is possible that the court's decision had nothing to do with the publication
of the steam marketing pamphlet, it is more likely that euphoria from the legal victory may have
precipitated the steam company investors to take action that was not intended at that time.
Whatever the immediate cause, and whether or not diligently investigated and proven, the Holly
steam system moved into the heating marketplace. 178

1771bid., 27-9.
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York Times , 26 March 1878, 1.
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Thus it will be readily seen that the fame of the Holly system is spreading rapidly over our land.
Lockport Daily Union, 5 September 1878.
Patrolmen on Griswold street have comfortable warming places provided for them during the present cold
weather in the man-holes over the pipes of the Detroit Steam Supply Company.
Detroit Free Press, 19 December 1878.

Chapter 5: Auburn, Detroit, and Springfield, 1878-9

On 25 April 1878 Carlos Holly of Lockport, Birdsill's first cousin and fellow
mechanician, addressed a meeting of citizens in Auburn, New York, to "consider the feasibility
of introducing the Holly system of steam heating." He gave a history of the system "as it had
been introduced and operated in Lockport during the past winter," with three miles of lines
furnishing heat to "some 70 consumers" who "had been charged for warming their dwelling the
same amount as they had paid for their coal during the previous winter."

The Lockport

experience
was considered a thorough test, as in a thickly settled district the amount of steam, and
on a given length of main, would be very much increased, and the result would be
economical to the consumer, and profitable to the company.
Carlos Holly was "not fully prepared to give
exact facts and figures in reference to the expenses and profits of the system, nor was he
fully informed in regard to the laws for the protection of companies to be organized for
the purposes of heating by this system.
Responding to questions, he said that "the condensation
of steam with their process of protecting the pipes was a very small item of loss, being
only from 2 to 2 1h per cent. on a mile of pipe when the full capacity of the main was
used; that the mains could be run up hill or down hill, and such condensation as
accumulated in the mains and service-pipes was carried along with the steam into the
houses.
Inside the houses, the steam condensing through radiators was
immediately collected in reservoirs, giving a plentiful supply of pure soft water for
domestic purposes.
A Mr. Grant of Auburn had recently visited Lockport to examine the system and was
"particularly pleased with
the feature of cooking with the steam, such as baking bread and broiling beefsteak, &c.,
which could be done thoroughly, and he thought was a great improvement over the
present modes of cooking.
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The cost of fixing up a house "of good average size" with radiators and pipes, "all ready to be
heated by steam, was $135. " 179
In addition to giving talks, Carlos Holly also
applied his inventive talents to improving his cousin's
steam meter.

On 9 September 1878 he applied for

patents covering two new steam meters.

The first,

awarded 15 October, was for an improved steam
diaphragm meter (Figure 31) to correct two flaws in
Birdsill's meter patented the year before.

With the

earlier meter,
varying pressure of the steam were not reduced
to a constant pressure or compensated for, and
therefore a record of the opening did not
represent or indicate correctly the amount of
steam passing through ... in a given time.

Figure 31 - Carlos Holly's 1878
diaphragm steam meter. Source:
U.S. Patent 209,048.

Also, when there was no steam in the pipes Birdsill's meter "stood wide open, and would be so
recorded, thereby constituting a very serious objection to such devices." Carlos Holly's meter
had two diaphragms to compensate for different steam pressures and flows, plus added registering
dials, similar to that found on gas meters, "so that a correct record of the actual amount of steam
used may be ascertained, and without the necessity of any calculations whatever." A caveat in
the patent added that,
Of course, it is evident that in the use of such an apparatus it will be necessary to have
determined beforehand what amount of steam under a certain pressure will pass through
a given opening in a certain length of time. 180
Carlos' second meter (Figure 32) did not measure the steam going into a building, instead
measuring the condensed water after it had passed through the radiators or other devices. A
"hopper-shaped receptacle, as at F,

179 "Heating a City by Steam," New York Times, 28 April 1878, 2. This is the only time that Carlos Holly
appears in public for the Holly steam company. Clippings in the Niagara County Historical Society show him
to have been a prolific inventor, like his cousin. Among his inventions was an early Chinese-character
typewriter built for missionaries.

u. S. Patent 209,048, 15 October 1878.
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Figure 32 - Carlos Holly's 1878 condensate meter. Source: U.S. Patent 209,048.

divided into two compartments for receiving the water as it comes from the radiator; and
said receptacle is mounted on pivots, so that when one compartment is filled to a certain
extent it will be turned down by the weight of the water and thereby emptied, and at the
same time bring the other compartment into a position to be filled, which, when done,
will turn down by the weight of the water on that side and bring the other compartment
into position to be filled, and thus the two compartments will reciprocate alternately to
receive the water of condensation and to determine its quantity without reference to its
temperature, as the compartments only tilt under a certain amount of weight of the water.
The turning pivot was connected to recording dials, with each completed revolution indicated and
registered, and,
by knowing the number of cubic inches of water the compartments will hold before tilting
it, will be easy to ascertain the quantity of steam that has been condensed in the heater
or radiator, as the water to the steam is about one to seventeen hundred.
Such a meter, Carlos noted in the patent, would be "useful in buildings or places where parties
hire the use of steam for heating purposes." Although many steam meters have been introduced,
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the simplicity of using condensate meter, which was really a small water wheel, lead to its
becoming the overwhelming favorite, and is still in common use. In 1981, for instance, of the
12,300 customers billed for steam by companies reporting data to the International District
Heating Association, 10,200 used condensate meters. 181
In early May an English visitor, George Maw, inspected the Lockport system and on 9
May wrote to the editor of The Times of London:
A paragraph appeared in The Times a few weeks ago referring to the
experimental heating of the houses of this city by steam laid on from a common centre
of supply, and having today, through the courtesy of Mr. Everett, the Manager of the
Holly Steam Combination Company, an opportunity of examining the works in
operations, I desire to communicate the information I have received through the columns
of The Times, as I am convinced that this novel application of steam is destined in a few
years to completely revolutionize the heating of buildings in towns, and that heat can be
laid on and supplied like gas from a common centre, within almost any reasonable
distance, and at a cost much below that of any system of domestic heating in use.
The experimental works in Lockport were commenced last year, and during the
late winter about 200 houses in the city were heated from the central supply, through
about three miles of piping, radiating from the boiler house, containing two boilers 16
ft. by 5 ft., and one boiler 8 ft by 8 ft . These boilers were during the winter fired to a
pressure of 35 lb. to the inch, with a consumption of four tons of anthracite, costing 4 1h
dollars a ton, during the summer, but one boiler is fired consuming a ton and a half of
anthracite in 24 hours, and a pressure of 25 lb. per inch maintained.
The boiler pressure of 35 lb. in winter and 25 lb. in summer is maintained
through the entire length of the three miles of piping up to the points of consumption,
where there is a cut-off under the control of the consumers. The first 500 ft of mains
from the boilers are but 4 in. in diameter. There are 1,400 ft. of 3-inch pipes, 1,500 ft.
of 2 1h-inch pipes, and 2,000 ft. of 2-inch pipes. The supply pipes from these mains to
the houses are l1h in. in diameter, and within each house %-inch pipes are used. In
addition to the cut-off from the main under the control of the consumer there is a
pressure valve regulated to a 5 lb. pressure under the control of the company, and
beyond this is an ingeniously constructed metre, which not only indicates the total
consumption in cubic feet of steam, but also the quantity of steam used in each
apartment. At each 100 ft. of main an expansion valve, like an ordinary piston and
socket, is inserted, allowing an expansion in each section of 100 ft. of 12 in. for the heat
at 35 lb. pressure. No condensation whatever occurs in the mains. They are covered
with a thin layer of asbestos paper next the iron, then a wrapping of "Russian felt," and
finally wrapped round with "Manilla paper" cased in timber bored out three-quarters of
an inch larger than the felt-covered pipes, and laid along the streets like gas-pipes.
The distribution of heat in the apartments is by means of radiators, consisting of
inch pipes 30 in. long placed vertically either in a circle or as a double row, and
connected together top and bottom, with an outlet pipe for the condensed water which
escapes at a temperature at a little below boiling, and is sufficient for all the domestic
purposes of the house, or is used as accessory heating power for horticultural and other
purposes. The steam has also been applied at a distance of over half a mile from the
boilers for motive power, and two steam engines of 10-horse and 14-horse power are
worked from the boilers at a distance of half a mile, but with a slightly increased
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consumption of fuel. The laid on steam is being also used for cooking purposes, for
boiling, and even baking, and I witnessed in a house three-quarters of a mile from the
boilers a basket of cold water raised to boiling heat in three minutes, by the passage of
the steam through a perforated nozzle plunged into the bucket. As in the case of gas
supply, the Steam Supply Company lay their pipes up to the house, the consumer paying
for all internal pipes, fitting, and radiators. In a moderately-sized eight-roomed house
the expenses of these amounted to $150, or a trifle over £30, and in larger houses, with
more expensive fittings, to $500, or £106.
The operations of the Heating Company have been up to the present times of an
experimental character, and from the 200 houses already supplied with the heating
connexion, the actual cost of the coal that would have been used for heating has been
provisionally received in payment, and the amount has left a wide margin over the
working expenses, through the company's operations at present cover but a small portion
of the area for which they have provided plant. The working expenses consist of but
little more than the coal and the wages of two firemen, and the central plant appears very
small, both in coal and bulk, for the results obtained. The capital of the company
consists of $50,000, in 500 $100 shares, which has covered the cost of the central plant,
and the three miles of steam-pipes laid through the city. The scheme on all hands is
acknowledged as a great success, and from inquiries of those who have the steam heating
in use, I am satisfied that the SY.Stem of a central steam supply is destined to become the
future means of heating towns . 182

Maw was an English chemist, geologist, and botanist whose scientific fame largely rested
on his exhaustive studies of the genus Crocus. In early 1878 he was researching the geological
history of the Great Lakes for a series of articles that appeared that year in Gardener's Chronicle.
As an accomplished scientist and fellow of the Geological Society, the Linnean Society, and the
Society of Arts, he was certainly skilled in the techniques of observation, even if not specifically
knowledgeable about steam or underground piping. He leaves us, however, with more questions
than he answers, such as how the number of consumers rose from 40 in the March Announcement
to Carlos Holly's 70 on 15 April to 200 on 9 May, dropping again to 40 in the Buffalo Express
at the end of May. Likewise, the 5900 feet of pipe he itemizes does not quite total three miles,
although service pipes would have been in addition to larger mains. While not the first attempt
to measure the size of a system by the length of pipe installed or numbers of customers, these
variations on even the first system indicate the problems inherent in such measures. Of greater
interest is Maw's observation that "No condensation whatever occurs in the mains." This is quite
impossible, and Holly had not only anticipated such condensation but provided a means to move
all condensation through the service pipes to the final consumers, avoiding the use of traps in the

182GeorgeMaw, "Heating a Town by Steam from a Common Centre," The Times of London, 25 May 1878,
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main piping. Substituting "remains" for "occurs" would satisfy this condition, but Maw chose
the latter, although he likely did not actually inspect the interior of the pipes. 183
Birdsill Holly published a report on the Lockport system on 18 May 1878, but the only
known surviving portions are those parts reprinted in other publications, such as an 1884 study
by Canadian engineer James Herbert Bartlett, who quoted the following:
During the past winter, an equivalent of 65 houses (12,000 cubic feet of space
being taken as an average for dwelling-houses in Lockport), on nearly three miles of
underground pipe, have been heated, and an accurate record has been kept from day to
day of the amount of coal consumed.
From well-understood facts, and from tests actually made to ascertain the amount
of condensation in the houses, also 12 hour tests upon the main line with all the houses
shut off, it is demonstrated what amount of condensation is due to the buildings, and how
much to the pipe underground.
The details for cost of constructing works, and the cost of fuel are applicable to
this city, and will be varied somewhat, according to location and circumstances.
The following tables show the cost of heating by this system, and the
comparisons made with other systems of heating will, upon perusal, speak for
themselves.
Holly's data compared four heating systems: 1) a district of 400 dwellings and two miles
of street mains (Table 3); 2) a district of 1000 dwellings, partly composed of business blocks and
public buildings (Table 4); 3) an individual furnace system (Table 5); and 4) an individual steam
system (Table 6). The heating season was considered to run from 15 September to 15 May, a
total of 240 days. 184
A summary of this report appeared in Appletons' Annual Cyclopedia of the Year 1878,
which commented that
Improvements and economies in the working of the enterprise can also be reasonably
expected to reduce the cost considerably after a longer trial; but, on the other hand, the
safety and durability of the elaborate conducting apparatus can only be determined after
several years' experience, and the deterioration and cost of maintenance caused by such
an active expansive agent as steam, handled under novel conditions,may more than
counterbalance any possible reduction in the working expenses.
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Table 3 - District system with 400 consumers.
Construction of Works
Boiler house and chimney stack . . . . . . . . . .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $6,000
Six boilers, 5 x 16 feet, set, with feed water heaters .... ... . . . . . . . . . . . . . . . . . . . . . . . . . . $12,000
Two miles mains, average 3 inch, at $1.40 per foot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $14,784
Superintendenceand incidentals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $1.216
Total . . . . . ... .. .. ... . . . . . . . . . . . . .. .. .. . . . . . . . . . . . . . . . . . . . . . . . $34,000
Operating Expenses for 240 Days
2,000 tons of coal, at $4.00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .$8,000
Two firemen and extra labor .... ... . . . . . . . . . . . . . . . . . .... . . . . . . . . . . . . . . . . . .... $800
Repairs and depreciation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $800
Office expenses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .$1,500
Taxes . . . . . . .... . . .. .. . . . . . . . . . . . . . . . . . . .... .... .. . . . . . . . . . . . ... . . . . . $400
Water bill . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $100
Dividend of 20 percent. on $34.000 .. . . . . . . . . . . . .. . . . . . . . . .... .... ... . . . . . . . ... $6,800
Total .. . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . $18,400
Consumer Cost
Seven per cent. interest on cost of fixtures ($200) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $14.00
Two percent, depreciation and repairs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . . . . . . . . . . $4.00
Heat bills, for steam supplied . . . . . . . . . . . . . . . . . . . .. . . . .. . . . . . . . . . . . . . . . . . .. ...$46.00
Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .$64.00

;

Table 4 - District system with 1000 consumers.
Construction of Works
Boiler house and chimney stack . . . . . . .... . . . . . . .... ... .. ... .... . . . . . . . . . . . . . . . $8,000
Twelve boilers, 5 x 16 feet, set, with feed water heaters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $24,000
Four miles mains, average 3 inch, at $1.40 per foot . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . $29,568
Superintendence and incidentals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $2,432
Total . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $64,000
Operating Expenses for 240 Days
5,000 tons of coal, at $4.00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. $20,000
Firemen and extra labor . . . . . . . . . . . . . . . .. ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $2,000
Repairs and depreciation, and sinking fund .. . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $2,000
Office expenses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .$1,500
Taxes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... .... ..$1,200
Water bill . . . . . . . . . . . . . . . ... ..... .. . . . . . . . . . . . . . . . . .. .... . . . . . . . . . . . . . . $300
Dividend of 20 per cent. on $64.000 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $12,800
Total . . . . . . . .. ... . . . . . . . . . . . . . .. .. .. . . . . . . . . . . . . ... . . . . . . . . . . $39,800
Consumer Cost
Seven per cent. interest on cost of fixtures ($200) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $14.00
Two per cent. depreciation and repairs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $4.00
Heat bills, for steam supplied . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. $39.80
Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .$57.80
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Table 5 - Individual Furnace System.
One Furnace will Cost $275
One consumer will use 10 tons, at $5.00 .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $50.00
Depreciation and repairs 10 per cent. on $275 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $27 .50
Five cents per day for attendance . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . $12.00
Interest, 7 per cent., on investment $275 . . . . . . . . . . . .. . . . . . . . . . . . . . .. . .. . . . . . . . . . . $19.25
Unreduced insurance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $5.00
Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $113.75

Table 6 - Individual Steam System.
One Boiler and Fixtures will Cost $800
Twelve tons of coal, at $5.00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $60.00
Depreciation and repairs 5 per cent. on $800 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $40.00
Fifteen cents per day for attendance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $36.00
Seven per cent. interest on investment $800 . . . . . . .... . . . . . . . . . . . . . . . . . . . . . . . . . . ... $56.00
Unreduced insurance .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . $5.00
Total . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . $197.00

Additional information, probably also from Holly's report, on capacity and condensation was also
supplied in this account:
Mr. Holly estimates that 15,000,000 cubic feet can be warmed with ten boilers, 16
feetlong and 5 feet in diameter, with 54 tubes 23 inches in diameter. This would make
the total heating surface 11,360 cubic feet, giving 1,300 cubic feet as the space to be
warmed by every foot of heating surface. Experiments made regarding the loss of
condensation showed that it amounted to 1,600 feet of 3-inch pipe, with a pressure of 18
lbs., to 9 lbs. of coal per hour; in an ordinary city street that length of pipe could furnish
100 consumers, giving 2.16 lbs. of coal per day as each one's share in the loss from this
cause. It was found that when the supply was cut off from the boiler, it required 18
minutes for the pressure to fall from 60 to 45 lbs.; 28 minutes for it to decline from 45
to 30 lbs., or from 4 to 3 atmospheres; 40 minutes for it to fall to 15 lbs., and 54
minutes longer for it to sink to the pressure of the atmosphere; or 2 hours 20 minutes to
condense the four atmospheres of pressure. The comparison of the different sizes of pipe
with respect to their capacity for conveying steam and their loss by condensation shows
that the latter increases in a direct ratio with the increase of diameter, while the former
increases sixfold when the diameter is doubled. A pipe of 11/2 inch diameter will deliver
steam only 1,000 feet from the boiler; a 3-inch pi~e will conduct it 3,000 feet; a 6-inch
pipe, 9,000 feet; and a 12-inch pipe, 18,000 feet. 85
Although this document was probably directed at potential investors, many interested
parties from other cities conducted their tests on the Lockport system, such as was done by
Stephen E. Babcock, an engineer from Troy, New York who visited Lockport in January 1879.
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Babcock was interested in the large Baptist church, which was similar to the First Baptist church
in Troy. The experiment proceeded by first opening the doors and windows of the church "to
equalize the exterior and interior temperature." The next day the interiortemperature was 49 °
while the exterior temperature was 36°. The church had an assembly hall 75 feet long by 60 feet
wide on the upper level, with a ceiling 38 feet high at the peak and 17 feet at the side walls,
making a total of 124,948 cubic feet. The lower level had the same ground plan with a ceiling
height of nine feet for a total of 35,826 cubic feet, making a total of 160,744 cubic feet of space
to be heated. Pipes around the basement walls provided 407 square feet of heating surface, while
pipes along the auditorium walls plus those under the seats had a heating area of 818 square feet,
together totalling 1,225 square feet of heating surface. Steam from the Holly system raised the
temperature inside the church to 72 ° within two hours, "proving that a large area can be warmed
much more rapidly by the Holly steam system than by a combination of stoves or heaters." The
church was located 1700 feet from the boiler house where the steam pressure was 29 pounds,
with only a "slight reduction by condensation upon its arrival at the church." 186
Babcock made other tests and found the steam pressure at a distance of 2600 feet and
"even three-quarters of a mile" from the plant remained at 21 1h pounds. At the end of one long
pipe the pressure was only 15 pounds, but the main was "one of the first laid down, and was too
small for the demands upon it." He also reported that
very few metres were found in use at Lockport, for the reason, it was stated, that they
could not be manufactured fast enough to supply the demands from Auburn, Springfield,
and Detroit: hence charges are not regulated there by any precise system, but persons
willingly pay about the cost of the amount of coal used by them before the adoption of
the steam system. 187
The citizens of Auburn (1880 pop. 21,924), who had enjoyed the benefits of the
installation of the second Holly water supply system in 1865, formed the Auburn Steam Heating
Company, Limited, on 6 June 1878, completing the organization 26 June 1878
by the election of the following named Directors, M. L. Walley, President; Chas. A.
Smith, Secretary and Treasurer; Calvin Young, J. H. Osborn, C. M. Howlet, H. J.
Sartwell and J. A. Cook. Calvin Young, J. A. Cook, and M. L. Walley were constituted

186Troy
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an executive committee.
The company's stated objective was "to introduce the Holly system of steam heating into public
and private buildings." The executive committee in June selected a site for the one story 50 x
32 feet brick boiler house to hold six "fifteen feet" boilers "on the Outlet, in rear of the Cayuga
Co. National Bank." The company began to lay 4,500 feet of mains during the summer, "all that
is designed to put down immediately." 188

Scientific American in August summarized the April New York Times article about
Auburn, commenting that "the extreme mildness of the winter may have been an element worth
considering" in evaluating the success of the Lockport trial. The London Building News and

Engineering Journal also noted the formation of a steam company in Auburn, further noting the
formation of the Toronto Steam Combination Company which was then applying for
incorporation with a capital stock of £10,000. In early September a large gang of men was at
work "by the light of flambeaux laying the pipe for the steam heating company" in the alleyway
north of the Academy of Music building, presenting "a lively scene." By October the main pipes
were "being extended through Exchange street" in anticipation of the winter, but the "mercury
was still at 80" on 17 October. Five days later the Daily Bulletin reported that
the boilers of the steam heating company have been set in position, and connections
made, in readiness for heating. Steam will be let on and heat supplied to the customers
of the company this week. The boilers, two in number, are large and powerful, and
equal to any demand liable to be made for some years to come. Steam for testing the
mains heretofore has been brought across the river in pipes from the boilers of Messrs.
Anderson & Dyers planing mills. 189
In early December investors in Ithaca were reported to be "investigating the system of
steam heat in use in Auburn," while some members of the Auburn City Council proposed to
"utilize the steam [street] roller for the winter in heating the city hall by steam." By midNovember "eleven different business places on Genesee Street" were heated by steam from the
Auburn company, with some thirty to be supplied by January first, although "the lateness of the

188Elliot G. Storke, History of Cayuga County, New York, 1787-1879 (Syracuse: D. Mason & Co., 1879),
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season will prevent further extension. " 190
The party from Troy, whose visit to Lockport has been mentioned, also visited Auburn
in January 1879, where they reported that "the distribution of steam had begun about September
1, 1878." The Auburn works were managed by Clarence B. Holly, one of Birds ill Holly's sons,
and "even better results are obtained than at Lockport." Steam consumers were "unanimous in
praise of the quality and amount of warmth furnished," and not one person was met "who would
willingly return to the old method of heating." William H. Seward, namesake of his famous
father, was a prominent Auburn banker and owned a large block of buildings heated from steam
generated on the premises. He consented
to permit the Holly company to attach its pipes for the purpose of experimenting,
promising if successful to pay the company for the steam used at the same rate that he
paid for his coal, averaging the past three years.
While Seward had used an average of 940 pounds of coal daily, adding the load to the Holly
plant increased the fuel burned there by "less than half that amount, the steam company thus
realizing a handsome profit by the experiment." Seward's tenants were also pleased with the
more uniform steam pressure, and Seward signed a "permanent contract. " 191
In December 1879 J. H. Osborne, treasurer of the Auburn company, wrote the following
letter to B. H. Cox, Chairman of a committee of Aldermen in Cincinnati, Ohio:
This company commenced operations with the Holly system of steam-heating in August,
1878. We have one mile of pipe, and supplied fifty consumers, heating 500,000 cubic
feet of space during the winter of 1878-9. This season we have extended our mains, and
begun by supplying eighty consumers and warming 1,600,000 cubic feet of space. We
have thus far been quite successful in giving our consumers all the heat they want, and
there is but one opinion about it-all are satisfied. We are running three boilers, each 5
x 15 feet, 79 2 1h inch tubes. The space at present heated in 6,000,000 cubic feet. 192
On 15 June the Minneapolis Tribune reported that
Since the mill explosion the millers' attention has been drawn to some plan for heating
the vast institutions located at the falls which would lessen the danger from fire. A plan
has been proposed by Messrs . Bennett, Osborne & Co. of St. Paul, who are busily
engaged in talking up a stock company for the erection of a steam boiler house on Spint
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Island in the river, from which it is proposed to lay steam mains and supply the mills
with steam upon much the same principle as gas and water are supplied to cities. It is
believed that all the manufactories can, by reason of their location, be supplied from this
source, and steam power also be at the command of establishments located within a short
distance. The feasibility of the system itself, it will be remembered, has been
demonstrated at Lockport, N . Y. by Holly, the inventor of the Holly system of waterworks. The millers propose to own the works, which are to cost about $15,000.
Messrs. Bennett, Osborne & Co., make a proposition by which they agree to superintend
the works for 5 per cent. of the cost, and are to operate the works six months free of
charge. The project has just been put upon foot, but it is understood Jhat Gov. Washburn
has already signified his intention to take one-fourth of the stock. 19
In August rights to the Holly steam heating system were purchased by the Springfield
[Mass.] Gaslight Company (1880 pop. 33,340), which proposed "to run a line from its works
on Water St., through Elm to Main St. " through a district which included "a school house, the
county court house, a church and chapel, and numerous dwellings." A new engineering journal,

The Plumber and Sanitary Engineer, reported that
This appears to be quite a legitimate undertaking for a gas company. If the sale of coke
is slow in their district, they have here a good use for it, and nothing would be easier
than to utilize the waste heat from the retort benches . In all rolling mills the puddling
furnaces are surmounted by boilers, and a similar course can be readily pursued in a
retort house.
Main pipe steam pressure of 50 pounds was to be reduced to 10 inside houses, which was said
to be "too much, especially as one or two are said to be sufficient." High pressure, after all, was
"the prime cause of leaks in steam conduits ." In addition, "Meters will be introduced; and
consumers will be charged, we presume, for so many feet of steam at the standard
pressure." 194
"We have," the new journal continued,
for a long time been impressed with the feasibility of the oft-proposed district-heating by
steam. By encasing the pipe in a good non-conductor there would seem to be little
trouble in sending steam any distance. Two miles has been reached by this patented
process; cannot the same be done by an unpatented one?
The main elements of the April New York Times article were given, including the 2 to 2 1/i percent
figures for condensation and the $135 cost of fitting up an average house. The editors added that
One of the benefits incidental to steam heating is the freedom from dust. Some of the
Lockport housekeepers said that it was hardly necessary to clean houses in the spring.
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After noting that "the citizens of Auburn propose trying the system," the Plumber and Sanitary

Engineer volunteered to "watch the developments with much interest, and note them for our
readers' benefit." 195
The Springfield Gas Light Company had been formed in 1848 and until long after the
Civil War used bituminous coal imported from England to manufacture gas. Gas use was small
until the war, when consumption increased significantly (despite a federal gas tax of 24C per
thousand cubic feet), followed by a decrease after the war when the Springfield Arsenal reduced
its operations. Gas use peaked again during the business and real estate boom of 1875, only to
drop off for the next eight years when it again increased from 1883 to 1890, when electric
lighting caused a temporary setback until 1893 when growth again returned, actually doubling
from 1890 to 1901. The possibility of gaining additional revenues without great investment is
always a tempting proposition to the businessman, and although the company had supplied 26,000
cubic feet of gas to fill P. T. Barnum's balloon in May 1875, the Holly steam system offered a
more secure opportunity in the declining sales year of 1878. In November the Springfield

Republican favored George Dwight's efforts to introduce steam heating. 196
A typescript history of the Springfield Gas Light Company mentions Holly's 1876
backyard steam line experiments, but its author does not seem to have been aware of the larger
Lockport system and offers that
Without much further proof, but much confidence, the Gas Company accepted the idea
as a chance to dispose of its by-product coke, with had, up to that time, had very little
sale to consumers. In October, 1878, only about one year after Mr. Holly's experiments,
the company ran a pipe line up Water Street and Elm Street to the Chicopee Bank and
to H. & J. Brewer's Drug Store and Dr. Church's residence on Main Street. Later
extensions were made up Main Street to the Agawam Bank Building at the Corner of
Lyman Street, which it was said that the owner was so well pleased, the building never
having been so well heated before, that if it were ever possible, he would have it in his
own home.
The Springfield Republican reported in late October that "It works with full success" and the
Worchester Gazette reported in early 1880 that "The Holly steam introduced in Springfield
in October 1878, an experimental line about one-eighth of a mile up Water Street to Elm,
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an 8" line, up Elm street to Main on a 6" line, and in 1879 principal parts of Main Street
about one and one-quarter miles altogether to supply 65 customers, 7 dwellings, stores,
business houses, banks and offices.
Two boilers, rated at 75 horsepower each, burned mostly coke and some coal. Coke "would
have been used entirely but for the fact that customers were beginning to use coke the year
around." 197
George Dwight, superintendent of the Springfield Gaslight Company, wrote about his
steam system to Benjamin Eggelson, President of the Cincinnati City Council:
In reply to your queries asking results of our experience with the Holly system of steamheating, I can say that it has during two seasons been entirely satisfactory in every
particular. Our consumers appreciate the absence of dust and deleterious gas in their
houses, and the comfort of a delightful temperature and pure air in their rooms at all
hours of the day or night, without the labor, care and responsibility of fires, as under the
old system. It has actually advanced the value of real estate on the streets where used,
and reduced the cost of insurance. I am not aware of a the existence of a single
dissatisfied consumer. We consider it an economical and final settlement of the problem
of general steam-heating in cities, and if all cities were guided by our experience, it
would become universat. 198
The strong relationship between Auburn and Holly was examined in chapter one and the
introduction of the steam system in a city with a large Holly water system, prominent Whigs, and
Holly's birthplace would present few mysteries. Springfield is somewhat more difficult, as no
clear connection has appeared to connect Lockport and Springfield. One possible link might be
Chester W . Chapin, a director of the gaslight company. Chapin served in the U. S. House of
Representatives from 1875 to 1877 and there is reason to believe that business and politics mixed
very well .
The formation of the steam companies in Auburn and the installation there and in
Springfield could have served as models for Holly's business plan. Detroit, however, was not
as simple, being muddled by the appearance of competitors. The question also arises as to how
Detroit came to install a steam system in 1878. While it is likely that business and political
connections existed, it is of interest to note that Detroit in early 1878 decided to pave several of
its downtown streets with the relatively new asphaltum. Several Detroit Aldermen, city officials,
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and citizens inspected pavements in several cities and included a tour of Buffalo on 5 July,
although no evidence has been found to show they made it to Lockport. The Detroit Steam
Supply Company was organized on 12 September 1878 with a capital stock of $85,000. Charles
H. Smith of Pingee and Smith, boot and shoe wholesalers, was elected president and Henry A.
Wright secretary. John S. Newberry was vice president, James McMillan treasurer, and Edward
H. Rees, who was also an officer of the Frankfort Furnace Company, was superintendent. 199
Just days before the company was incorporated, Newberry had been nominated as the
Republican candidate for Michigan's first congressional district. Newberry and McMillan were
listed in the city directory as "Capitalists" and were certainly qualified for the title. John
Stoughten Newberry was descended from Thomas Newberry, who arrived in Massachusetts in
1625. His parents moved to Detroit in 1831 when John was five, thereafter moving to Romeo.
He graduated with honors from the University of Michigan in 1845 and was employed as a civil
engineer and surveyor by the Michigan Central Railroad for two years before reading the law and
gaining admittance to the bar in 1853. His specialty of admiralty law on rivers and lakes made
for a large practice. In 1863 he collaborated with James McMillan, then purchasing agent of the
Detroit & Milwaukee Railroad, for the "building of a large number of cars for use in the
Southern States for the transportation of soldiers and munitions of war." McMillan had been
born in Hamilton, Ontario in 1838, his parents having arrived from Scotland two years before.
He worked in a hardware store for four years before moving to Detroit at eighteen, where two
years later he became purchasing agent. Although only twenty, he "attracted the attention of an
extensive railroad contractor and was employed by him to secure men, purchase supplies, and
care for the finances in connection with the execution of a large contract," for which he proved
abundantly able. 200
In 1864 Newberry and McMillan formed the Michigan Car Company with other
investors, Newberry withdrawing from his law practice to devote his time and energy to the new
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enterprise. The two men also established the Detroit Car Wheel Company, the Bough Steam
Forge Company and the Detroit Iron Furnace Company. McMillan was president of the last
three, that together did an annual business of $3 1h to $5 million and employed 2,500. The two
men also had numerous other interests in banks, railroads, shipping, and car manufacturing.
Newberry was also active in political affairs, first as a Whig and after 1856 as a Republican.
President Lincoln appointed him Provost Marshal for Michigan from 1862 to 1864, among other
duties having charge of two drafts. McMillan arrived in Detroit shortly after the fusion of
Michigan Whigs and Free-soilers had formed the Republican Party in that state. He was for
several years the chairman of the Republican State Committee, but refused to run for office until
1889 when he was elected to the first of two terms in the U. S . Senate.201
The 1878 election campaign was a dirty affair and the democratic Detroit Free Press kept
Newberry on the front page, occasionally including McMillan, the secretary of the Wayne County
Republican Committee.

The Free Press considered their candidate, the incumbent General

Alpheus Starkey Williams, to be unbeatable, while Newberry, "a victim who is willing to
immolate himself on the altar," was "somewhat too cold in manners to be popular" despite his
"thoroughly reputable standing as a citizen." Despite its strong politics, the Free Press virtually
ignored the petition of the Detroit Steam Supply Company for a franchise to lay steam pipes,
which was presented on 14 September and passed unanimously on the 24th after some minor
amending. A month later the paper noted that "Workmen had begun the task of putting down
the mains of the Detroit Steam Supply Company, beginning at the foot of Griswold Street." The

Free Press was stunned at Newberry's victory on 5 November, made worse by the untimely death
of General Williams on 20 December. On 8 November, a small item recorded "the work of
laying pipes in Detroit for the new steam-heating scheme, a la Holly Water Works, is getting on
rapidly." 202

Engineering News reported on 28 November that
The Lockport experiment of heating buildings by steam, produced at one common point,
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has been pronounced so successful that capitalists in several other cities are preparing to
carry forward the plan. In Detroit, a company have been formed , and are making ready,
to fully test the merits of the scheme. While the friends of the enterprise appear to be
somewhat extravagant in their claims of what may be done, there is little doubt but that
the system possesses both economy, and efficiency, if wisely managed.
Concerns were also stated about the matter of condensation. Citing an account of the project in
which the Detroit Evening News stated "that the pipes are closed in wood," the Engineering News
editorial further commented that
as no other covering is mentioned as being used to retard radiation, we infer none other
is used. If this be true, it is not strange that ample provision is made every 100 feet to
lead away the product of condensation. Perhaps the correspondent writing to the London
Tzmes from Lockport last spring, did not state the exact truth when he said "no
condensation whatever occurs in the mains." Even if the Detroit mains are laid with the
care those of Lockp~~ were, good judgment will provide ample means for the removal
of condensed water. 0
Two weeks later J. B. West of Rochester asked the editor of Engineering News
How can water remain in a pipe which is carrying steam of say thirty-five to fifty lbs .
pressure to the inch? Will not such steam maintain a degree of heat above two hundred
and twelve, and consequently convert any water that may be in such pipe into steam?
The journal responded in the next issue with a short summary of steam pressure versus
temperature, pointing out that at 50 psig, the temperature of saturated steam is 281 °P. If the
pressure dropped one pound, the temperature would drop 0.3 °P and 2.72 pounds of water would
be condensed in the length and size of mains at Lockport.

Unless the steam were to be

superheated, "it cannot re-evaporate water formed from previous condensation." Therefore,
"water must form in the Lockport mains unless all radiation has been stopped; and we can not
think that such perfection is reached . "204
On 10 December the Detroit Free Press reported that
One of the most striking and important recent enterprises of which Detroit can boast is
that of the Detroit Steam Supply, with the objects of which The Free Press has already
made the public acquainted. Six-inch pipes are now laid in Griswold street form the
boiler house at the foot of that street, to State Street, and eight-inch pipes in Woodward
Avenue from Woodbridge street to Michigan avenue. It is hoped that the company will
be able to furnish its patrons with steam for power and heating purposes in about ten
days; but in making that estimate the managers consider the possibility that it may be
found impracticable to begin actual operations before January 1. There are now up and
nearly ready for the fires , four boilers each 5x16 feet and two more are to be put up as
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fast as workmen can do so. The smoke stack is 110 feet high, with an inside diameter
of five feet, six inches. The company has a capital of $50,000.
Five days later the Free Press added:
The steam line of the Detroit Steam Supply Company, on Griswold street, was tested for
the first time on Friday evening, the test lasting through the night with steam at a
pressure of twenty to thirty pounds. The gauge showed the same pressure at both ends
of the line throughout the test. The result was highly gratifying on all important points,
and proved indisputably the practical value of the methods adopted by the company,
which differ considerably from those of the Holly Steam Combination Company at
Lockport, N. Y. and elsewhere. The points involved are principally the manner of laying
the pipe, guarding against condensation, in the provision for expansion and contraction
of the pipes and in giving access to the various joints and valves controlling the point of
service. These are the points of patents controlled by Andrew Harvey and Gordon W.
Lloyd, the latter of whom is managing director of the company which has the right to all
these patents in Detroit. This company has also purchased the right to use any and all
of the patents covering the system of the Holly Combination Steam Company, and has
commenced laying a line of pipe on the Holly system up Woodward avenue, with the
intention of testing the relative values of the two systems.
The Detroit company has been, for the past two months, fitting up an extensive
boiler room in the eastern portion of the warehouses owned by Moses W. field, at the
foot of Griswold street. The fires were lighted for the first time on Wednesday last and
the trail was most satisfactory to all parties interested, steam being raised and maintained
with remarkable ease. The boilers are of steel and are splendid specimens of Detroit
workmanship furnished from the shops of the Detroit Locomotive Works. The whole of
the work has been carried out under the immediate direction and supervision of Mr.
Lloyd for the company, and the boilers have been fitted up and the Griswold street line
of pipes laid by Andrew Harvey, of the firm of Harvey & Son, to whose energetic
conduct of the work much of the gratifying success attained so far is attributable. It is
intended to devote a day or two to the completion of a few minor details, and after the
middle of this week to commence continuous firing and supply of steam to consumers,
among which will be included The Free Press Company.
The Steam Company thus starts off under the most favorable conditions and bids
fair to become a source of great convenience and advantage to the community, and it is
to be hoped of profit to itself. Detroit is much the largest city so far to adopt the system
and the works are the largest erected. 205
Steam was first supplied to consumers on 23 December 1878. Ten 100 horsepower
boilers were installed in the boiler house at the corner of Atwater and Griswold streets and "four
miles of iron pipes, covered with wood, conveyed the steam through various streets." The Free

Press did not wait long to pass judgment on the system, for on the 29th they reported that
The Detroit Steam Supply Company have had their boilers and mains in operation
long enough to make an established success of what was to Detroit comparatively an
experiment-the supply of steam from one source to scores of different establishments
for heating and motive power purposes. Among the buildings supplied with steam by the
company are those of The Free Press Company, the Board of Trade, Pingree & Smith,
Allan Shelden & Co. and the Detroit Savings Bank. Thus far the supply has been
entirely satisfactory to them, not only for heating purposes, but for furnishing motive
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power.

In 1he Free Press building has the excellence of the supply been particularly
noticed. It has been steady, constant, and ample, and there is no difficulty arising from
condensation or any other unpleasant features. The heating of rooms is not accompanied
by disagreeable moisture, while the pipes are as easily regulated as by the old system.
Tuesday night last-following one of the coldest days on record-the steam gauge
in 1he Free Press building showed a steady pressure of fifty pounds, and the Bullock
press and folder were never run more steadily and rapidly than on that night.
The company are constantly making new connections and during the present week
expect to begin supplying steam to Frederick Sterns, Fr~rick Buhl, the Wayne County
Savings Bank and several buildings on Griswold street.
During line testing the week before Christmas, Detroit policemen discovered the warmth

above the manholes, and within a month were joined by man's best friend as "intelligent dogs
have already found and utilized the warmth of the man-holes over the Griswold street
mains . " 207
After a year of operation, the Detroit company wrote to Benjamin Eggleston of the
Cincinnati City Council:
In reply to yours of the 8th inst., we have laid about 12,000 feet of pipes, say 5,000 feet
of 6 inch, 2,000 feet of 8 inch, and balance of 4, 3, 2 1h and 2 inch. We have
4 boilers 14 X 5 feet.
1 boiler 16 X 5 feet.
We can run all together, or drop off one, two, four, or more if we wish. We get our
feed-water direct from the river. We have about fifty consumers, and, besides heating,
are furnishing steam for elevator power, etc. The opinion here is altogether favorable,
and we are adding new consumers daily. We commen8ed operations in December, 1878,
and have been running continuously since that time.2 8
Little is known about Andrew Harvey, but he did apply for and receive two patents
covering underground steam piping systems. The first, applied for on 19 October 1878 and
received 25 March 1879, was for an improved accessible joint, valve, and trap protectors for
underground mains. Its object was "to render accessible the joints and valves of underground
water, gas, or steam pipes without tearing up the street" and consisted of a prefabricated wood
or metal dome called a "protector" (A in Figure 33) that was preferably made of two pieces of
metal that were bolted together. Openings were provided for pipes to pass through the enclosed
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chamber, which was "large enough to admit a person
within them, and accessible by a man-hole from the

..
I

surface of the ground," the latter connected with a
vertical tube bolted to a flanged opening on the top
of the dome. Holly's underground junction boxes
were designed for direct burial , but the use of
permanent paving materials made access difficult and
repairs very expensive.

Several variations of

Harvey's idea soon appeared and became a desirable
feature, if not always affordable.209
Harvey's second patent was for an improved
steam supply pipe coupling, which he applied for on
12 July 1880 and received on 19 October 1880.
This device was quite similar to Holly's junction
service box, with two specific improvements. The
first was to include a small flange or lip (d in

Figure 33
Andrew Harvey's
underground access enclosure. Source:
U.S. Patent 233,412.

Figure 34) on the end of the end of the pipe that actually moved as a piston to absorb the
expansion and contraction of the pipe, to prevent the pipe from being pulled out of the coupling
by excessive contraction.

Secondly, stops were added to similarly restrict the maximum

expansion, which could potentially result in steam being cut off from the service pipes in Holly's
version. These improvements did not change any of the basic fundamentals of Holly's scheme,
but was rather, like Carlos Holly's steam meter, another in what will become a large number of
incremental improvements made by other inventors. 210
While the three companies described were the only ones that actually started operating
in 1878, there was activity in several other cities. In Lockport, the Holly company extended its
pipes "to over four miles and over two hundred buildings were warmed." On 29 August the
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Lockport Daily Union advised its readers that "The
work of laying the pipes through Main Street for
the steam heating company was commenced at the
corner of Elm Street this morning" and on 20
September the Main street pipes were "being laid
down at a steaming pace." Finished on Main street
in early October, the company was "now at work
,..l'

in Cottage street" and "leaving the streets in good
condition." The paper suggested that the "council
should insist on other contractors doing their work
equally well. "

211

Figure 34 - Andrew Harvey's steam pipe
coupling. Source: U.S. Patent 233,412.

In the meantime the hotels of Lockport
accommodated visitors from other cities investigating the merits of the Holly system and signing
installation contracts. A committee from Syracuse visited on 13 August, shortly after a Toronto
delegation departed after a thorough inspection, "convinced after what we have seen that it can
be highly recommended." On 30 August a contract was signed "to heat by steam that part of
Westchester County not included in New York City" and a week later Dr. Bishop, president of
the Lockport company, "informed a Union reporter" that on 2 September "a contract was made
and signed
with parties in Milwaukee, Wisconsin, whereby they have the right to heat that city by
steam under the Holly patent.
On 6 September "a number of gentlemen from New York City" were in town "negotiating with
the steam heating company for Trenton, N .J. and Jersey City." The same day General A. S.
Williams, the Detroit congressman whose opponent, John S. Newberry, was an investor in the
Detroit Steam Supply Company, visited Lockport, although it is not known that he had any
business or interest in the Holly system. The Lowell Courier reported in early September that
rights had been sold to companies in Chicago, Scranton, and New York City. Chicago was
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reported on 16 September to be "about to lay ten miles of pipe to test the efficacy of the Holly
System of heating." On 10 October the Rochester Union and Advertiser reported that the Holly
firm was
negotiating with parties in this city to have the system of heating introduced here. The
Company asks $75,000 for the exclusive right to use their invention in Rochester. 212
The $75,000 fee seems a little stiff considering that Holly estimated that the construction
of a complete system for a thousand dwellings would cost only $64,000. In the 1880 census
Rochester had just under 89,366 people in 27,312 families living in 23,954 dwellings, although
adding in commercial and public buildings may have made the "exclusive right" seem a fair
proposition. Of the systems installed before 1883, the only other fee identified is the $50,000
paid for the rights to Denver (1880 pop. 35,629). The $75,000 did not dissuade the Rochester
crowd and the next day they took the train to Lockport to inspect the works and negotiate with
the Holly firm. The arrival of winter slowed down the stream of visitors, but in mid-January
1879 a delegation from Manchester, New Hampshire, arrived in Lockport "to look into the merits

of the Holly system of steam heating. They were so well pleased with its workings that
they this morning negotiated for the purchase of the right of its introduction in their
city.213
The Holly system had been noted in London, as we have seen, and in March Engineering

News reported that
The experiment of supplying houses with steam for the purpose of heating, after the
manner in which they are provided with gas and water, is to be tried in Berlin. A
preliminary trial is to be made in a western suburb, under the direction of an ex-sanitary
officer. The land is taken, capitalists have come forward, and a pattern station is to be
erected. The advocates of this plan for heating claim for it that it will be considerably
cheaper than by ordinary fuel. The amount consumed by each house will be measured
as gas now is, by meters. 214
So far only systems installed by commercial steam supply companies have been
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addressed, but these enterprises were not the only users of such systems. As has been seen,
colleges, hospitals, and factories had been using district heating for much of the nineteenth
century and appear to have been viewed quite favorably over earlier systems. To cite two
examples from 1878, for instance, the new Johns Hopkins Hospital in Baltimore was under
construction with four boilers in the Nurses' building and eight in the kitchen/laundry, "which
will be used for heating all the buildings on the grounds," and R. V. Pierce's Invalids' and
Tourist's Hotel in Buffalo boasted of three boilers in the "laundry and engine-room" at the rear
of the hotel, "detached from the main building. ,,21 5
Despite the widespread use of district heating by institutions before 1877, few of these
mostly makeshift systems remained in use for long. The first to adopt the Holly system was the
Central Branch of the National Home for Disabled Volunteer Soldiers near Dayton, Ohio, which
in 1877 had 132 separate buildings totalling 501,177 square feet serving a population of over
3,000 former soldiers. Fifty-six of these buildings were supplied from the central water supply
system, fifty were supplied with manufactured gas from a central plant, and twenty-six were
heated by steam from the main boilers serving the kitchen and laundry, and from boilers in other
buildings. In December 1877, $6,000 in improvements were authorized for the water supply
system, based on the proposal of "B. Holly, of Lockport, N .Y." In the annual report for 1878,
the Governor of the Home in Dayton, Colonel Edwin Franklin Brown, who had himself lost an
arm at Cedar Mountain in 1862, reported that
The engineer department has performed an immense amount of work during the
past year in extending steam and water to the several buildings and keeping the same in
perfect running order, by which means the sleeping apartments, shops, memorial hall,
and hospital have been kept comfortably warm during the recent cold weather. While
the outside temperature for days together ranged many degrees below zero we were
enabled to keep up a summer heat in almost all the buildings. The following principal
items will give an idea of the extent of the work performed in this department during the
year, viz:
Three thousand feet steam-main (on the Holly system), wrapped and
incased in timber pump-logs, laid in tile-drained ditches, with brick-lined casings
for junction boxes every 100 feet, extending from central boiler-house west 1,150
feet to the new brick barracks, east and north to memorial hall and church 850
feet, and south to the governor's residence 1,000 feet, with 1,800 feet of return
pipes, all in successful operation.
Six hundred feet steam-pipe, extending from hospital boiler-house to
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epileptic wards.
Three hundred feet each 2 and 4 inch pipe, put into the hospital to
replace steam and water pipes put in there several years ago and which had
become too small.216
Colonel Brown's expenditures for 1878 include
$3,608.55 for "extending steam-heating apparatus to the
church, memorial hall, new barracks, and to the governor's
residence." Almost all work at the Home was done by hired
inmates, who had a variety of skills (Table 7). The 3,000 feet

Table 7 - Inmates with steam
heating-related skills at the
Dayton Soldiers' Home, 1878.
7 Boilermakers
5 Civil engineers
46 Steam engineers
55 Machinists
8 Plumbers

of pipe was installed for only $1.20 per foot, not counting the
1,800 feet of return lines, which considering the low-cost labor comparing favorably with the
$1.40 per foot mentioned in the May 1878 Holly report.217
Brown, who was born in Medina, New York in 1823 and may have been related to
former Lockport Mayor Brown, received enough requests for information about his steam system
that he printed the following letter, which is included in the 1880 Announcement of the Holly
Steam Combination Company:
The questions of economical, safe, healthy and pleasant heating of contiguous
buildings, public and private, is one of great and growing importance and has been
carefully considered. In a report to the Honorable Board of Managers over three years
ago, I recommended a trial of the Holly system of steam heating for use of this Home.
This recommendation was approved and work begun at once. A thorough trial of two
years fully justifies our highest anticipations. With a view to giving the proper
information on this subject, a partial description of the number and situation of our
buildings seems important. The Home is located on a hill, with an elevation of 200 feet
above the bed of the Miami River, three miles distant, and contains about six hundred
acres of land. The buildings are located at about the highest point, and are separated
from each other from fifty to one hundred and fifty feet, numbering in all about fifty
separate structures. These are all large, mostly three stories, from one hundred to one
hundred and fifty feet in length, and twenty-five to forty feet in width. The central
boiler-house is situated nearly in the center of the cluster of buildings. The steam is
conveyed to all the buildings in one general supply-pipe or main, and to the furthest point
is about two thousand feet. This main is common steam pipe and varies in size, starting
from the boiler-house at three inches, and reducing so as to be two to one and onequarter inches at the remote buildings. The steam pipe is wrapped with asbestos, felt and
paper, and with thin wooden slats to hold this wrapping in place is wound tightly with
annealed wire. This iron pipe thus prepared is then inserted in wooden pipe with a shell
of four to six inches in thickness, and jointed at the end. This joint with its wooden case
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is laid in trenches, well underdrained so as to take any water which may be in the ground
directly to this drain. A double cover of tarred paper is laid over the entire wood-pipe
to keep all water from the steam pipe. It is then covered with earth. To provide for
expansion and contraction of the pipe, an expansion-joint, or as Holly terms it, a
junction-box, is placed every hundred feet, and this is also the outlet for the steam-i.e. ,
the steam is taken into the service-pipe at these junction-boxes and not elsewhere. The
pipe is never tapped, but the steam is always taken into the buildings from these boxes.
Thus the expansion is taken care of and the outlets for the supply steam provided by a
very simple process. The manner of reducing the steam pressure at the buildings is by
use of a steam governor, by means of which the boiler pressure is kept up until the steam
enters the building to be heated, and is reduced by this governor to 1, 2, 3, 5, or 10
pounds as needed, thus securing safety and enabling the consumer to control the amount
of heat required.
The manner of heating the buildings is varied according to circumstances. When
the structures have basements, and an abundance of fresh air can readily be supplied, the
heating is done by what is termed indirect radiation-i.e., the air heated by means of
steam pipes confined in a box or close reservoir, is carried in ducts in the walls to the
various rooms above. This is especially recommended in private houses, as it relieves
the rooms of cumbrous pipes and unsightly radiators. In places where this cannot
conveniently be done, direct radiation by means of steam pipe or radiators, placed at
convenient points in the various rooms, are used.
I have no hesitation in asserting that this mode of heating is economical,
convenient, safe and pleasant, far preferable, in all respects, so far as my experience
goes, to any known mode of heating contiguous buildings. Compared with hot-air
furnaces in basements, with their dust, danger and superheated air, often rendered foul
before reaching the hot-air flues, or the continuous and uncontrollable heat of bituminous
or anthracite coal stoves, which have been previously used here for heating purposes, the
Holly steam heating becomes at once a luxury to be appreciated. As this Institution is
a pioneer in the adoption of the Holly Steam System of Heating, I have been almost daily
called upon for my views upon this subject; I have therefore deemed it proper to embody
them in a printed form that I may readily respond to such questions . For the details of
the system, you are respectfully referred to B. Holly, Esq., Engineerl or, The Steam
Combination Company (Limited), Lockport, Niagara Co., New York.2 8
The five Holly steam systems operating during the winter of 1877-78 appeared to perform
as promised by their inventor. In January 1877 he had estimated that one set of boilers could
heat a district one-half mile square, or one-quarter square mile. By March 1878, after conducting
careful tests on the steam pipes buried under Lockport's streets, he felt that "with sufficient boiler
capacity, and pipes of proper size, an area of more than four miles square in any city or village
can be warmed from one set of boilers."

This represented an enormous expansion of the

system's potential and indicated a clear intention to install the system in the largest cities as well
as smaller communities. Birdsill's engineer son, Edgar P. Holly, wrote a reference book on
district heating in 1879 in which he discussed this expanded service territory:

218Holly Steam Combination Company, Announcement (1880). Colonel Brown was a guest of ex-Mayor
Brown at least once, see Lockport Daily Union, 20 Dec 1879.
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We were convinced by Mr. Holly's experiments that steam might be sent more than a
quarter of a mile in each direction from the boilers in well insulated underground pipes,
thus covering an area of half a mile square. But how much farther it might be sent
without too great loss from friction and condensation we did not know, but we intended
to ascertain. So our works were commenced not only for that purpose, but to learn the
actual workings of steam at a long distance from the boilers. Both of these things, after
a winter's operation, we have thoroughly tested and find to far exceed our expectations.
We find we can convey steam in small pipes a mile and a quarter from the boilers each
way, without material loss; and, of course, though we have only used small pipes, we
know we can carry it proportionately farther in larger pipes. But our experiments show
that we can cover more than an area of four square miles in any city or village, working
from one central boiler plant, and the actual working of the steam, either near the boilers
or at the farthest end of the pipe is decidedly better than we expected. 219
Holly's steam system had been installed, tested to a limited extent on a number of small
installations, and declared ready for larger opportunities, of which none was larger or more
compelling than New York City.

219Edgar P. Holly, reference book dated 1879, otherwise unidentified and unknown, quoted in "History of
District Heating," ADSCO Advocate 1 ([1927]) 1:5.
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Thus the whole [German] house is warmed at little expence of wood, and the stove room kept constantly
warm; so that in the coldest winter nights, they can work late, and find the room still comfortable when they
rise to work early. An English farmer in America, who makes great fires in large open chimneys, needs
the constant employment of one man to cut and haul wood for supplying them; and the draft of cold air to
them is so strong, that the heels of his family are frozen, while they are scorching their faces, and the room
is never warm, so that little sedentary work can be done by them in winter. The difference is this article
alone of economy shall, in the course of years, enable the German to buy out the Englishman, and take
possession of his plantation.
Benjamin Franklin, 1758
When a building or group of buildings are extensive, a steam heating apparatus becomes a system.
Robert Briggs, 1879220

Chapter 6: Steam Politics, Expansion, and Cogeneration

Purchasing the rights ·to the Holly system was only the first of many obstacles for the
steam heating investor. Except for a handful of small systems, every steam heating company was
organized as a corporation. State laws for chartering such a corporation varied widely. In
Massachusetts, for instance, the right to provide steam or hot water distribution for heating,
cooking or mechanical power was simply extended to existing gas companies. Carlos Holly had
mentioned to his Auburn audience in April "laws for the protection of companies to be organized
for the purposes of heating by this system," but this difficulty did not prevent the formation and
operation of steam supply companies in Lockport and Auburn. State control over corporations
was minimal in this era, with most regulatory attention focused on stock value and taxes. While
state control over certain industries, such as railroads, was becoming more widespread, fixed
utilities were not yet generally subject to stringent regulation, although egregious activity by some
gas and water companies was earning them close scrutiny. Heating companies, however, would
not face state utility regulation until the early twentieth century .221
After securing the necessary charter or similar incorporation document from the state,
which was usually a formality, the company would have to secure permission to lay pipes in the
city streets. Such permission, known as a franchise, was almost always a creature of local law

220 AibertHenry Smyth, ed., I11e W1itings of Benjamin Franklin (New York: MacMillan, 1907), 3:468-9;
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and politics, with states granting various degrees of freedom to local authorities . The experience
could vary widely. In Rochester, New York (1880 pop. 89,366) on 20 May 1879 the Rochester
Steam Heating and Power Company petitioned the Common Council for a franchise "to lay pipes
through or under the public streets, alleys, or bridges for the purpose of conveying steam," with
such work to be done "under the supervision of the Executive Board."

Alderman Crouch

introduced an ordinance to this effect, to be effective
upon the said company's furnishing a satisfactory bond in the penalty of $10,000, to be
approved by the Mayor, protecting the city against any damages or claims for damages
that may arise during such work or in consequence thereof, or in the use of said pipes.
As franchises were valuable and seldom granted without compensation, the Rochester Council
required payment of "fifty dollars per mile of main pipe, to be paid from time to time as such
work progresses, and as each mile is completed." The ordinance was introduced and adopted
in the same meeting, a practice not unusual in smaller communities. 222
As might be expected, the process was more complicated in larger cities, but again the
variations are wide. In Detroit (1880 pop. 116,340), the steam supply petition was introduced
on 13 September and granted on 24 September 1878, although the June pavement tour to Western
New York by many Detroit councilmen may have expedited the matter. Larger cities also had
more lawyers and more politicians, and no American city had more than New York (1880 pop.
1,206,299), not even counting the separate city of Brooklyn (1880 pop. 566,663).223
The New York Steam Heating Company petitioned the city's Board of Aldermen for a
franchise on 14 May 1878. On 16 July Alderman Foster presented a resolution to authorize such
a franchise for Francis B. Spinola and his associates, offering to give a $5,000 bond for the
privilege. Alderman Morris on 23 July offered an alternate resolution to grant permission to
Spinola and his associates
to lay mains and pipes throughout the city for the purpose of supplying steam to its
inhabitants under the "Holly Combination System"
but with Spinola to give bonds of $50,000 to replace the pavements in the thoroughfares and an
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additional $100,000 to hold the city and its inhabitants harmless from accidents . In addition, the
work would be subject to the "supervision and direction of the Board of Public Works," the cost
of steam would be determined by the Commissioners of the Sinking Fund, and finally that the
franchise "shall continue only during the pleasure of the Common Council, who may revoke such
permission or impose new or additional conditions." The Board sent the two petitions to the
Committee on Public Works, which held a hearing on 5 August to investigate the merits of the
proposals. No one from the New York Steam Heating Company appeared and Spinola explained
that although this company had been "formed for the express purpose of installing the Holly
system," district heating in the city had "been anticipated by the Spinola organization" to the
extent that his group has negotiated for rights to the Holly system with the assistance of 0. B.
Cutler. Spinola explained the great benefits that would accrue from his system, including a
savings to the city government of $250,000 per annum, in addition to savings in Fire Department
expenses from use of steam fire hydrants. Furthermore, "advantages to be gained by the middle
and poorer classes were set forth with intense and glowing eloquence of the most emphatic
Spinola type" as coal would be "rendered almost a superfluous article in households." The
Street-cleaning Department would save money as well, as "the annual deposit of snow would be
rapidly melted away by the heat from the hot steam pipes under the pavements." M. L. Church,
a "mechanical expert, " expressed the opinion that "housekeepers would save by the system 50
per cent., and President Bishop, of the works at Lockport, gave assurances that there was no
danger of explosion." The Times noted that
None of the speakers said anything about the enormous fortune that Gen. Spinola
expected to make out of the project of himself and his "associates," or intimated that
there was any impropriety in bestowing ~uch a privilege as that demanded in the
proposition made to the Common Council.2 4
Although the grip of Tammany Hall had been broken earlier in the decade and Boss
Tweed had died in his Ludlow Street prison cell the previous 12 April, Tammany Democrats
were still a majority on the Board of Aldermen, much to the disgust of the Republican New York

Times. Francis Baker Spinola was perhaps the archetypical member of the Tammany gang,
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having been commissioned a brigadier general of volunteers for raising a regiment during the
Civil War but since demonstrating no visible means of support. The manner of Spinola's gaining
the exclusive Holly rights to New York City are not known, but Spinola was certainly a
reasonable choice given the makeup of the Common Councit. 225
The three Tammany Democrats on the Public Works Committee preferred the original
Foster resolution, with its $5,000 bond, while the two Republicans favored the Morris resolution,
with its greater safeguards. The Tzmes reported the belief that the privilege, if granted,
would result in having street pavements disturbed, and would interfere with commercial
transportation and public travel. Besides, th~ gtreets are already taxed to their full
capacity with gas and water mains and sewers. 2
The Board of Alderman on 17 September received the report of the Public Works
Committee that recommended the system
as one of singular excellence; that it is more safe and economical than the present one
of distributing boilers over the City for that purpose, and that it would solve, in the most
summary manner, the difficult problem of clearing our streets of snow .
. The proposed resolution required a single $50,000 bond to protect the City against any accident
"as well as to replace the pavements where such steam mains may be laid," and also that steam
would be furnished to "heat all buildings owned by the City at 33% per cent. less than it now
costs, or has cost the City in either of the years of 1874, 1875, 1876, or 1877." Alderman Reilly
"instantly rose and moved that
nothing in this permission shall be so constructed as to authorize the said Francis B.
Spinola and his associates transfer or assign to any other party, parties, or corporation
the privilege hereby granted, unless the consent of the Mayor, Aldermen, and
Commonalty be first had; and, also, that the mains or pipes shall not be used for the
purpose of transporting petroleum or other oils.
By a vote of 11 to 10, the council turned down a motion to ask the Corporation Counsel to state
"whether the board could grant the franchise without compensation." Alderman Morris then
moved to require that steam be provided to city buildings at cost and that the $50,000 and
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$100,000 bonds be required. This motion and the report on the subject was laid over.227
Two weeks later the Times remarked that "at almost every session of the Board of
Aldermen communications are received showing the value of the franchise to lay mains and pipes
in the public streets." Alderman Morris presented one such communication from the New York
Steam Supply Company offering to provide two $50,000 bonds for indemnification against
accidents and pavement replacement, plus "giving 20 per cent. of their profits" to the City.
Morris also submitted a letter from the German-American Independent Citizens' Association
protesting against granting the privilege without deriving therefrom an income in
proposition to the extent and value of the franchise, and requesting that the same be
offered to public competition as the safest method against favoritism and partiality.
The protest was filed by a vote of 11 to 9 and the offer from the New York Steam Supply
Company was laid over. That night the Brotherhood of Engineers held a meeting at which Grand
Chief Engineer Kiernan addressed the steam supply issue, and "after considerable discussion it
was agreed that Spinola's scheme was a swindle and a fraud. "228
On October 14 Alderman Pinckney called up his amendment to the Public Works
Committee report, granting to
Frank B. Spinola and his "associates" the power to lay mains and pipes under the streets
of this City for the purpose of supplying steam to its inhabitants, under the plan of the
Holly combination system. General Spinola shall give a bond of $50,000, to be approved
by the Controller, to indemnify the City of New York for any loss or damage ... in any
suit against the City arising out of any explosion or other accident incident to the use of
any apparatus or appliance.
Steam would also be provided to city buildings for one-third less than it cost during the years
1874-78 and General Spinola could not carry petroleum or other oils. Power to render the
permission null and void is vested in the Mayor, Commissioners of Police, and Department of
Public Works. Alderman Morris opposed the resolution, as "it was almost identical with the
report of the Public Works Committee." Alderman Sauer's amendment to vest the revocation
powers in the mayor and Common Council was adopted.229
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Alderman Morris then submitted a resolution substituting for Pinckney's to grant a
franchise to the New York Steam Supply Company with the conditions contained in their
previously mentioned letter. This resolution also gave the City Controller the right to appoint
one director annually to the company "to look out for the interests of the City," the Mayor the
power "to send the Commissioners or Accounts at any time to examine the books and papers of
the company," and permitted the Commissioner of Public Works to appoint a superintendent "to
look after all excavations made by the company at a salary not to exceed $1,500 a year" to be
paid by the company. Morris' resolution was defeated 16 to 3 and the Council then adopted
Pinckney's by a vote of 15 (11 Tammany Democrats and 4 Republicans) to 7 (4 Republicans , 1
Tammany Democrat, and 2 Anti-Tammany Democrats). 230
The Times editorialized on the subject the next day, suggesting that in granting the
franchise the
Board of Alderman have shown their usual reckless disregard for the interests confined
to their care. It is not that the plan of furnishing steam for heating and other purposes
may not be entirely practicable, and its experimental adoption, under proper restrictions,
altogether desirable, but that it is of the utmost importance that the execution of any such
project should be placed from the start only in the hands of responsible men, and be
subject to such conditions as would give assurance of the best results and secure to the
City at once an effective supervision over its working and an adequate return for the
franchise granted, in case it should prove profitable. It is essential to the success of the
plan that it should commend itself to the confidence of the people, upon whose voluntary
patronage it must ultimately depend, and for that purpose it needs to be connected with
the names of men who are known for their integrity and practical sagacity, and not with
that of a shallow and noisy political adventurer, whose "associates" have never been of
a character to command the influence of anybody. The way to make the scheme a failure
and to defeat a realization of whatever advantages it might otherwise promise, is to
permit a set of political noodles to try their hand at putting it into operation
What is known as the "Holly combination" plan for heating cities is not a new
or untried experiment. It was devised some years ago by Mr. Birdsill Holly, and had
been in operation in the City of Lockport long enough to demonstrate its practicability.
Whether it is capable of accomplishing all that is claimed for it may be open to doubt,
but it has at least attained a degree of success on a small scale that would justify its
gradual and guarded adoption in New York, where the test of its merits might be made
complete and conclusive. There is certainly room for vast improvement in the field of
household economy. The problem of water-supply has been solved in a tolerably
satisfactory manner, and the system of lighting by gas, with all its drawbacks, is a great
advance upon the primitive appliances of our fathers. If it is true that Mr. Edison is
perfecting a plan for giving us better and cheaper light by the use of electricity, another
long step forward may soon come to relieve us from the extortions and the manifold
annoyances which the gas companies have been permitted to inflict upon a helpless
community. In the matter of heat, we are still in a primitive condition. While some
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large buildings, including those combinations of many dwellings known as apartmenthouses, are heated by steam with manifest advantage, each establishment must have
boilers of its own, and all ordinary residences and stores are still subject to the necessity
of keeping furnaces and stoves. The principle of division of labor and wholesale supply
has made little headway in this direction. Each family must have its supply of fuel, its
fires for heating and culinary purposes, and all the bother and vexation attendant upon
their care and management. In this respect we are still in the era of pumps and wells,
and of lamps and candles. Steam has performed many services for mankind since Watt
first discovered its power and put it to use, but its capacity is by no means exhausted.
That is may be successfully employed for all the heating purposes required in the
household, and that from a central reservoir that shall supply a large area, as gas is now
furnished, is by no means improbable.
On behalf of the Holly combination plan it is claimed as already demonstrated,
that a single set of boilers may send through a radiating net-work of pipes of the proper
size all the heat required in a district four miles square. It can be delivered through-out
manufacturing establishments, stores, and residence, and applied to all the purposes
required, including power, warmth, laundry service, and cooking. The amount used will
be under the control of the occupants, and will be measured by meters and paid at a fixed
rate. By the use of stoves adapted to the purpose, it is believed that all the processes of
cooking can be satisfactorily performed by the use of steam-heat, and all necessity for
fires and fuel done away with. Our heat will then give us as little trouble as our light
does at present, and, it is to be hoped, much less. Among the incidental advantages it
is claimed that, while the danger of conflagration will be greatly lessened, in case of an
outbreak of fire the steam can be used directly to aid in extinguishing it, and indirectly
from the street mains in operating the· fire-engines. It may also be applied for the
purpose of clearing streets and sidewalks of snow in Winter. All this saving of trouble
and annoyance, and this increase of the conveniences of life, are promised as an expense
not exceeding that now involved in the imperfect and vexatious service of furnaces and
stoves, and probably certainly below it. The consummation is certainly one devoutly to
be wished, and calculated to work a beneficent revolution in household economy. If our
City authorities had the wisdom to invite competitive offers for introducing this system,
and to award the privilege to proper persons and under judicious conditions, we might
expect at least a fair test of its merits, and possibly an enjoyment of the great advantages
which it promises. 231
The Democratic Tribune was no more impressed with Spinola then its Republican rival
and on its editorial page said
They passed a wild-cat scheme for laying steam-pipes in the streets, which is headed by
a sidewalk politician, conspicuous chiefly by the amount of time he spends on street
corners, and entirely without such qualifications, either of chara~;~r, position, or wealth,
as would entitle the demand which has been so hastily granted.
This all provided grist for the upcoming general election and the Tzmes carried references
to "steaming Spinola" and "(steam-pipe) Spinola" in the following weeks, and asked questions
about the morals and honesty of the Republicans who had backed Spinola in the Council. A letter
asked of Republican Alderman Henry C. Perley to "be kind enough
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to endeavor to explain his vote on the granting to Frank Spinola and his associates ... at
a cost which will put coal into the shade, instead of voting in favor of granting the same
privilege to the New York Steam Supply company, when !he latter company make for
the protection of the City more favorable and just offers!23
Mayor Smith Ely, Jr . vetoed the resolution at the end of October, citing his opinion
that no such grant or privilege should be given in the absence of experimental proof of
the adaptability of the proposed system of heating to our City. If it should be proved that
the proposed plan is feasible, then the privilege of carrying the system into effect, which
would unquestionably be of great value, should be disposed of after public competition
in such a manner as to produce the greatest amount of revenue to the City .234
The election gave Republicans and anti-Tammany
Democrats a majority of two in the new council which would be
seated in the new year. On the 12th of November, Republican
Alderman Pinckney, who had authored the successful resolution
for the Spinola enterprise the previous month and may have been
seeking atonement, presented a petition from William E. Prall
and associates (Table 8) asking permission to lay pipes in the
public streets "for the purpose of supplying hot water, hot air or
steam" to the inhabitants of the city. A $100,000 bond was

Table 8 - William E.
Prall's New York City
associates.
Edward L. Downen
William R. Foster
William H. Guion
Samuel S. Wood, Jr.
Joseph Haight
William E. Dewey
Frank E. Trowbridge
Arthur F. Wilmartin
George W. Hughes
William H. Webb
A.H. Haight
G. H. Williams
John S. Foster

offered to indemnify the city against accidents or to replace faulty
pavements.

Prall would pay over five percent of their net profits to the city and heat city

buildings for "40 per cent. less than it has cost" during the years 1874-8, plus pay $1,200 to an
inspector appointed by the city.

The matter was referred to the Committee on Public

Works. 235
In late November Tammany Alderman Foster offered a resolution authorizing the
Commissioners of the Sinking Fund "to grant permission to any person, or company, or
association to lay mains and pipes" in the city for which privilege the party
shall agree with the Commissioners of the Sinking Fund to pay over to the City for the
benefit of the said sinking fund, such consideration as may be deemed just and equitable
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for such permission, together with such other stipulation as may be deemed necessary for
the protection of the City.
The resolution was passed 12 to 8, but a week later was recalled, amended, and repassed so that
it only applied to Spinola. Prall and his associates gained a hearing with the Public Works
Committee in mid-December to show the advantages of their system, explaining that "it was not
the intention of the company to interfere with any other system of heating," and to point out that
their system used hot water instead of steam.

Three days before the end of the year the

Alderman voted 13 to 6 to grant Prall and associates the same rights that Spinola had received
earlier. The same day the Sinking Fund Commissioners received the report from the committee
appointed to consider the Spinola plan. The two members of the committee, Controller Kelly and
City Chamberlain Tappan, stated that, in their opinion, "it would be well to grant the privilege
asked for," specifically recommending that:
1) A bond of $50,000 be furnished and no oil be carried.
2) City Hall, County Court houses, station houses, engine houses, Police and Civil
Justices' Court houses, and all other buildings owned or leased by the city shall be heated
at a cost one-third less than the average cost for the previous three years. The district
included the area of Manhattan south of Chambers street, excluding Battery Park.
3) Steam shall be provided at a reasonable rate upon request of proper authorities for
snow and ice removal and use by engines and other fire apparatus.
4) The sum of three cents for each lineal foot of mains and pipes laid beneath any street
will be paid into the sinking fund, until $150,000 has been paid, when such payments
will terminate. 236
The compensation to be paid was more than three times the $50 per mile required of the
Rochester Steam Heating and Power Company, but would still require that 947 miles of pipe be
installed before payments would terminate. Shortly after the new year, Mayor Edward Cooper
requested an opinion from Corporation Counsel Whitney as to the legality of the Prall heating
ordinance the council had passed the prior week. Whitney declared the ordinance invalid for four
reasons:
1) The council has no authority to permit the installation of heating pipes under city
streets, as these are not mentioned by the city charter or any act of the legislature, as is
the case of water, gas, sewer, and telegraph pipes.
2) No time limitation was included in the resolution, nor provision for the council's right
to repeal the right.
3) The resolution grants a franchise to private individuals, which was formerly a
prerogative of the Crown and is now vested solely in the legislature, which has not
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granted the council authority to grant the privileges in the resolution.
4) Legislative powers are delegated to the Sinking Fund Commissioners which, if they
existed, would have to be exercised by the council itself.
The editors of the Times chortled that "these are points of such obvious force that the merest tyro
in Municipal matters ought to be familiar with them. " 237
While Tammany Hall politicians may have felt free to ignore such petty matters,
capitalists would be unlikely to invest in an enterprise with such shaky legal underpinnings. Later
in January the New York Commercial Advertiser reported the application of the Prall hot water
system to John Roach's iron works on the East River at Eighth Street, where "about 900 feet of
two inch pipe have been laid with a radiator sufficient to heat an ordinary dwelling." Water was
carried at 350°F and converted to steam at from "one to fifty pounds per square inch, as may
be desired." A second pipe of equal diameter was used to return the condensed water to the
boiler. Prall has already proved his prowess as an inventor of pneumatic air signals and switches
for railways. The company, it was reported, had "already obtained from the common council
the right to use the public streets" and would "shortly present a bill in the state legislature for
additional authority." Additionally, Prall was "in negotiation with no less than 15 cities for the
introduction of the new method. "238
A bill "to authorize the laying of pipes in the streets, avenues, and public places in the
various cities, towns, and villages of this State, for heating and other purposes" was introduced
in the New York Assembly by Erastus Brooks of Richmond County on 7 February 1879. The
bill, which permitted heating franchises only if "reasonable compensation" and indemnifying
bonds were provided, languished until 11 April when another bill was introduced in the Assembly
to amend the 1848 Manufacturing Corporations' Act to permit "supplying of hot water, or hot
air, or steam for motive power, heating, cooking, or other useful applications in the streets and
public and private buildings of any city, village, or town in this State."

The amended

corporations bill passed the Assembly on 29 April , the Senate on 2 May, and was signed into law
on 15 May. The franchise measure was introduced in the Senate on 14 April and passed on 6
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May with only two dissenting votes, after which it was substituted for the original measure in the
Assembly and passed by that body by a vote of 77 to 1. It was signed by the Governor on 19
May 1879. The New York Steam Corporation, in its 1932 corporate history, suggests that "Mr.
Spinola and one of his associates, Hawley D. Clapp, secured the enactment" of this legislation,
but the fact that the laws specifically encompass "hot water, hot air, and steam" would indicate
that Spinola in fact had little, if any, influence on the outcome for it gave Prall, his most
immediate competitor, a level playing field, an advantage no Tammany machine politician would
surrender gracefully. Much more will be seen of New York, although steam would not warm
the streets for some time. 239
Up the Hudson River from New York City the communities of Utica (1880 pop. 33,914)
and Troy (1880 pop. 56,747) also wrestled with steam heating franchises that winter. U. R.
Stewart, A. D. Mathers, E. Martis, and T . D. Cook of Utica visited Lockport on 10 December
1878 to investigate the Holly steam system. Although the project had the support of the leading
capitalists and citizens of Utica, who were disposed to put it into effect at once, after reflection
and careful investigation "this course was deemed unwise, and it was resolved to defer action
until the opening of the spring season," as Rochester investors had decided to do in October.
The Utica Observer reported this local comment:
"I don't want none of them ere Holly steam pipes in my domiciles," said old Mr.
Dunshudde. "This idea of gettin' heat that's been warmed over for your neighbors ain't
worth much. but I s'pose some folks can't get themselves steamed any other way."240
In Troy the matter came to the attention of the Daily Ti.mes on 12 December, when it
reprinted an editorial from the Syracuse Journal that explained the Holly system. The Troy paper
considered the Journal a "very careful an4 reliable journal" and wanted to give Trojans "some
idea of the system and its results elsewhere" since efforts were under way to organize a company
in Troy to the same end. The paper advised the common council to "look carefully to the
protection of the public" in granting any steam heating franchise and to avoid "absolute surrender
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of the rights to the city to any enterprise, however meritorious." The Daily Times editors added
a suggestion that "seem pertinent, viz., that the steam pipes
instead of being laid through the streets should be put down in the alleys of the city. Our
streets are nearly all well paved, and if they are torn up the pavements will not be so
carefully or symmetrically laid as now. The steam ctn be taken in from the rear of
houses quite as well, if not better, than from the front. 41
By mid-December Theodore E. Haslehurst and other
Troy investors (Table 9) had petitioned the common council
for the rights to lay steam pipes in public streets "for the
purpose of introducing the Holly steam heating system."
Haslehurst had obtained the exclusive Holly patent rights to
that city and the petitioners reminded the council that "if any
franchise is granted, it of right and equity belongs to them."
G. H . Starbuck, John Gleason, and others meanwhile
petitioned for the same privilege, leading to a sharp exchange
in the council meeting of 19 December when the committee
on streets and alleys presented two reports, a minority report
recommending that Starbuck receive the franchise while the
majority report recommended Haslehurst.

Councilman

Morrissey advised against unnecessary haste, since nothing
could be accomplished until spring, and in any case "one of
the greatest industries-stove manufacture-in this city and
vicinity would be greatly damaged by the adoption of either

Table 9
Petitioners in
support of Theodore
Haslehurst's Troy franchise.
J.B. Anthony & Co.
Walter P. Tillman
L. H. Button
G. P. Cozzens
A. B. King
R. D. Starkweather
Gardner Rand
H.B. Dauchy
George B. Smith
R. H. Thurman
Jared L. Bacon
Jno. A Ferriss' Sons
Neher & Calder
Geo. B. Warren, Jr.
Benj. H. Hall
Alfonzo Bills
B. Thompson Gale
James Forsyth
Robt. H. McClellan
J. L. VanSchoonhoven
G. Parish Ogden & Co.
G. W. Tillinghast
George T. Lane
J.M. VanValkenburgh
Wm. H. Young
H. Green's Son & Co.
Nathan B. Warren
& Brothers

resolution." Councilman Geer, with "no personal interest in
the matter one way or the other," felt Starbuck the better choice "as he had the facilities for
carrying out the projects" and had "paid millions of dollars to artisans and skilled mechanics in
Troy." Having the work done in Lockport or any other place would be folly, and, he added, he
"did not believe Haslehurst and his associates would carry out the proposed work, but simply
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wanted the franchise to sell it to other parties. "242
Councilman Ranken said that he knew all that Geer had said "was false" and that
Haslehurst and associates "were well able to do all they promised." Ranken further advised that
The fact of the matter is that John H. Gleason was at the bottom of the business. He had
been to Lockport and attempted to make the Holly company believe that Haslehurst and
his associates could not get a franchise through the common council.
Ranken then produced a 14 December letter from Samuel Rogers, vice president of the Holly
Steam Company, to Haslehurst:
Dear Sir: Your favor of the 14th reached me to-day. You understood correctly. John
H. Gleason arrived here this day, and has learned just what you suppose he came to find
out. We tried to influence him to acquiesce in your project going through your city
council as you suggested, but he insisted upon stating that you and your friends could not
do anything or at least get your grant from the Troy council. Whether he knew what he
said or no remains for you and your friends to prove. Mr. Linnein was here also, and
he now disclaims any action on part of Holly people, by saying he will now not do
anything in Troy about steam.
(Linnein had installed the Holly water works system in Troy and won high praise from many who
had initially opposed the project.)243
The matter was recommitted to the committee on streets and alleys and the Daily Times
reported "considerable agitation among citizens" about the steam heating project. The paper
recommended that the city "should receive a direct benefit from the desired franchise in the form
of a fixed percentage of the yearly earnings of the company or companies" who receive
franchises. It also warned of the possibility of granting franchises to both parties who would then
divide the city into "two districts, as is the case with the gas companies." The council met again
on 2 January where the Haslehurst proponents were outwitted by their "ignorance of
parliamentary rules ." Two days later a majority of aldermen approved a call for a special council
meeting to discuss the issue, and the Daily Times again counseled restraint and "calm
deliberation," reminding its readers of the advantages of placing the pipes in alleys, to avoid
"inconvenience and possible large expense to the city" from street repairs such as has been
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caused by pavements sinking after apparently well-done gas pipe installations.244
At the special meeting (held on Saturday), Alderman Hogan offered a long resolution that
added the requirement that Haslehurst was to pay the city "a bonus of three cents per lineal foot
for each foot of pipe laid, until the bonus shall amount to the sum of $50,000, and indemnify the
city from all damages." City buildings would also be heated for "one-third the present cost,"
producing a savings of $3,000 annually. Hogan had obviously read the New York papers, but
while 947 miles of pipe in New York City could be remotely imagined, 316 miles in Troy
cannot. Alderman Geer offered a substitute for Starbuck, who would guarantee
to heat all public buildings free of cost; make the mayor ex-officio a member of the
association, and to pay the city all profits in excess of 8 1h per cent. dividend to the
stockholders.
The councilmen then voted and some explained their votes. Mr. Don said that he had "attended
the recent meeting of
the committee on streets and alleys to obtain some insight into this steam heating
business, and I must confess that it seemed to me Mr. Haslehurst and his associates
offered the only feasible plan, and if a franchise is to be granted to only one of the two,
I think Mr. Haslehurst entitled to it. The other parties did not present any definite plans.
Mr. Geer also attended the meeting, saying that "I must say
that I was somewhat disappointed. Mr. Haslehurst and his friends had caused the vice
president of the Holly company to come from Lockport, and I noticed that he brought
with him a log of wood with a hole in it. I do not know what fascination there was in
the log, but after looking through it some of the members changed their minds. I do not
wish to charge that there is any crookedness in this matter, but there are strange
circumstances surrounding it. It does not look well to see a city official who is paid a
good salary for minding his own business, and who, in fact, recently had an assistant
appointed to help him, lobbying in the halls and button-holing members in the interest
of Haslehurst and his associates.
Other councilmen noted with favor that Haslehurst did not insist on an exclusive franchise, and
the Hogan resolution passed 17 to 3.245
On 5 February a fuH description of the new steam system filled three full columns on the
front page of the Daily Times. This account includes the appearance of boilers located in "nests"
of three,

244Troy Daily Times, 3, 4 January 1879.
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167

so that in case of accident to any one the three disconnected from the damaged "nest"
would still be effective for service. These precautionary measures provide for absolute
and perpetual service as far as it is within the power of human foresight to make such
provision, and the supply is thus placed almost beyond the possibility of interference by
reason of accidents at the boiler house.
The steam meter is of a type not before mentioned and includes recording dials instead of paper
to record steam usage. The description corresponds to a steam meter patented by Carlos Holly
in early 1879 which will be discussed later.246
The district to be heated ran from Jacobs street on the north to Adams on the south, and
from the Hudson river east to Eighth street. The boiler house, which would initially contain 10
or 12 boilers, was to be located on the river as central as possible and would supply steam for
manufacturing as well as heating.

"Double mains will be laid through the manufacturing

districts" to ensure a supply "entirely independent of heating." The total expense of the works
was estimated not to exceed $125,000, at least $90,000 of which would be spent in Troy.
Radiators would be manufactured in Troy, which "will in itself form an industry of considerable
importance." A thorough inspection had been made of the Lockport and Auburn systems, details
of which have been mentioned earlier. W. I. Montague of Baltimore had also accompanied the
inspection team, "being interested in the proposed introduction of steam in his own city."
Although melting of snow had been asserted by some as a result of installing the steam pipes, "no
melting of snow was observed at either Lockport or Auburn" and in fact "no increase in
temperature of the ground could be detected at points under which the steam pipes passed." This
was important, "for if the pipes underground radiated sufficient heat to make any perceptible
difference at the surface the loss of steam would be so great as to result fatally to the
system. "247

By the spring of 1879 four commercial and one institutional Holly steam systems were
in successful operation and many communities were making arrangements to install them. In
spite of this experience, little attempt had been made to explain the scientific principles and

246Ibid., 5 February 1879.
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engineering fundamentals upon which the Holly system was based. Local investors, as we have
seen, were often willing to invest several thousand dollars in a local steam heating company,
while larger systems would obviously require the investment of millions of dollars and thus
require more sophisticated investors. Despite the apparent success of the Holly system, most
accounts of early systems emphasized its experimental nature, presenting a potentially serious
impairment for this investment of large capital and such investors required more information
about the system before_they opened their checkbooks. One group of New York City investors
(which of the several groups is not clear) hired an engineer to prepare a "professional
indorsement" of the Holly steam system. Although Charles E. Emery is often associated with
this report and may have prepared a separate one, the only known study was prepared by General
Herman Haupt in early 1879. His professional opinion of the system was required before they
committed themselves to the introduction of the Holly steam system in that city. Even through
we do not know which New York investors engaged General Haupt, "the report was so
exhaustive, and supplied so fully the information and the data required by all companies who
propose to introduce the Holly System," that Haupt extended the report at the request of the
company, which was published on 28 March 1879 .248
The company provided a short introduction for "our present and prospective patrons, and
to the public generally," explaining that
Applications for the right to use the Holly System are multiplying so rapidly, that
it has already become embarrassing for this company to undertake to furnish engineering
services in preparing plans and estimates, or skilled foremen to superintend the
construction of works. To meet these wants, General Haupt proposes to organize a corps
of assistants, consisting chiefly of graduates of the first engineering schools, and with
their aid make surveys, prepare plans and estimates, and when desired, superintend the
construction of works. Also to organize a construction company, prepared to make
contracts for doing the work, when parties prefer such an arrangement.
It will, of course, be optional with local organizations to adopt any plan for
constructing their works that may seem to them to be the most to their interest; they can
either employ a superintendent and hire hands, or let out the work by contract; but in all
cases this company must protect itself against the injury that would result from defective
construction by insisting on the right of supervision, with proper stipulations, in any
contract that may be hereafter made, for its enforcement.
The Company also reserve the right in all their contracts to supply the expansion
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boxes, regulators, metres, and traps, which are secured to them under the Holly patents,
so as to insure proper mechanical excellence in construction. These article~.flre furnished
at list prices, which average a very small ll\clrgin on cost of manufacture. 9
General Haupt considered the study to be, "with possibly a single exception, the most
difficult" that he had ever undertaken. "The few," he wrote, " who have written
on the transmission of elastic fluids through pipes have given rules and formula which
were found to be in their results inconsistent with each other and with facts proved by
direct experiment, and some of the experiments as reported have given results
incompatible with each other.
Haupt was a careful and thorough engineer, so it is not surprising that his report was very
comprehensive, even though his grasp of thermodynamic fundamentals is not always up to
contemporary standards. A close analysis of this report, although of some interest, will not be
attempted here. Significantly, but again not surprisingly, his oil pump engine connections to
Holly are not mentioned, probably for the simple reason that Haupt was engaged as a
disinterested professional engineer, and, after all, the Holly Manufacturing Company and the
Holly_Steam Combination Company were two distinct and separate entities.
In addition to his oil pipeline work and steam heating investigation, Haupt was also asked
to examine and report on Robert Hardie's new compressed-air motor for use to propel streetcars,
which he completed in February 1879, the same month he spent eight days in Lockport
examining the Holly works. One additional piece in Haupt's complicated puzzle was reported
in the Lockport Daily Union of 30 January 1879:
We learn that John L. Houpt, the contractor of the famous Hoosic Tunnel, recently
telegraphed one of the officers of the Holly Steam Company that he would be in
Lockport to-day, to look into its merits, with a view to purchasing the right of use for
Philadelphia.
The Hoosic Tunnel contractor was, of course, Herman Haupt of Philadelphia, and although a
steam supply company was formed in 1881 or 1882 in Philadelphia, Haupt's name is not
mentioned elsewhere in connection with it. His steam heating report appears to have been little
noticed, with the only mention of it, other than in James A. Ward's biography of Haupt, was a
brief notice in the 1927 ADSCO Advocate.250
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The Troy Steam Supply Company received its franchise and began construction in the
summer of 1879, after exhibiting "several meters, pressure regulators and expansion boxes" on
15 May 1879 at its office, 17 First Street. "A large quantity of pipe" arrived in mid-August and
the boilers arrived later that month, when over 300 customers had been signed up. The Troy

Daily Tzmes provides a street-by-street description of the steam company's progress and it worked
towards its anticipated 1 October start date. Delays due to "non-arrival of material" caused the
deadline to be missed by almost four weeks. The pipe trenches were left open until they could
be tested under operating steam pressure and the Daily Tzmes noted in mid-October that
It is about time some of the pavements torn up by the steam heating company were
replaced. Several of the streets have been left in a very dangerous condition.
A temporary connection to the boiler house was finally made and the system was operating by
the end of October and it was "anticipated that before winter sets in the Troy company will have
a greater number of consumers than any other company operating under Mr. Holly's steamheating patents. " 251
In September 1880 Engineering News reported that the Troy works had "warmed 100
buildings and supplied 13 engines of 65 horse-power" the previous winter, and that "200
buildings, with over 6,000,000 cubic feet of heating space, will be warmed, and power supplied
to 30 engines with 247 horse-power." Theodore Haslehurst, treasurer of the Troy Steam Supply
Company, wrote the following letter to the Lockport firm on 19 April 1880:
In answer to your inquiry, we are happy to state that your System of Steam Heating, in
operating the past winter, has given universal satisfaction, and the result to us as a
company has fully met our anticipations . We are constantly adding new consumers, and
have quite a number of contracts on hand to fit up new buildings. We have laid about
5 miles of pipe, the largest being 8 inches in diameter and smallest 3 inches. We have
6 boilers of about 700 horse-power which, through the means of our patent setting, hotblast and appliances, we have been enabled to run in an economical manner. Our
demands have not required but the use of 4 boilers at any time, and sometimes only 3.
We heated the past winter 4,000,000 cubic feet of space, including two of the largest
buildings in the city. We furnish power to run 21 engines, the largest of which is 16
horse. It is the universal opinion, in regard to this branch of our business, that the power
is better than can be furnished by consumers themselves, from the very fact that we
furnish a uniform pressure, and, furthermore, it is ready at all times. It is also
economical to the consumers, saving the expense of boiler and enabling many to use a
small engine when it would not pay them to go to the expense of boilers, engines, etc.
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It is also of advantage on the score of insurance, a reduction being made on the rate of
insurance by doing away with the boilers. We consider the system a success, not only
to the consumer, but also as a business enterprise on the part of the company. While we
cannot give data and figures in a letter to be used publicly, yet we are willing to furnish
to any interested parties in steam heating all the facts in our power, or to allow full
inspection of our works .252
As was the case in Detroit, a local engineer saw opportunity for improving on the Holly
design. Stephen E. Babcock, employed by the Troy company, filed for a patent on a junction
service box on 21 November 1879, three weeks after the Troy system started operating. This
device utilized a telescoping expansion joint and is otherwise functionally similar to the Holly
junction service box described earlier. In May 1880 Babcock applied for a patent on his mode
of securing certain parts of subterranean pipes, whose object was to "remedy certain serious
defects that have heretofore existing in the maintaining in a fixed position and in an unleaky
condition the elbows and other devices used for changing the course of underground mains for
steam and other hot fluids." The devices described include an elbow, T-connection, and fourway connection that incorporate an expansion joint. Babcock also patented a steam radiator,
smokestack, and steam boiler furnace. Various rights to Babcock's patents were assigned to
Theodore E. Haslehurst, D. Stewart Dennison, and Jesse B. Anthony, all of Troy .253
Four other Holly steam systems were installed to serve multiple-building facilities in New
York in 1879. Three of them, the Clifton Springs' Sanitarian, the Rochester House of Refuge,
and the Binghamton Insane Asylum, were similar in character to the National Home for Disabled
Volunteer Soldiers in Dayton and the Banstead Downs Lunatic Asylum mentioned earlier, each
consisting of numerous buildings owned and operated by a one entity. The Binghamton Asylum
also installed a Holly water system at the same time. Large industrial and commercial facilities
were also likely customers of Holly's system, with one installed at the Delaware, Lackawanna,
and Western Railroad complex in Syracuse, and although no specific information on this
particular installation is available, other railroads shortly installed Holly steam systems that
typically supplied steam to office and terminal buildings from an existing boiler, often in the
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maintenance shops. Another system was installed in Garden City, which had been developed in
the wilderness of Long Island by dry-goods magnate Alexander T. Stewart as a model planned
community. Stewart had installed a Holly water system in 1876 with three 37-horsepower boilers
providing steam for the pumping engines. These boilers may have also furnished steam for
heating purposes, although the extent of the heating system is not known. After Stewart's death
in April 1876, his widow endowed a large Cathedral Church and Episcopal Center in Garden
City as a memorial to her husband. The several buildings of this complex, not completed until
1885, were heated from a boiler in the basement of the cathedral, which Charles E . Emery
removed to a new separate boiler plant in 1896.254
Companies in four other cities began supplying steam in 1879. C. D. Nash, President
of the First National Bank of Milwaukee, and H. M. Smith, a Milwaukee businessman, visited
Lockport in early December 1878 to make "arrangements for the introduction of steam heating
in Milwaukee at an early date." The Milwaukee Sentinel reported the following March that a
steam heating system would be established and the Milwaukee Steam Supply Company was
formed early the following month, with William P. McLaren president, Henry H. Button vicepresident, Lucius A. Wheeler secretary-treasurer. McLaren, a 45-year-old native of Glasgow,
Scotland, owned a produce and grain company, Button was a partner in a wholesale drug, paint,
and oil firm, and Wheeler was a principal in a retail dry goods concern. A twenty-year franchise
was awarded by the Milwaukee Common Council later that month and installation began in midJuly. The Sentinel carried frequent progress reports on the underground installation and adding
new customers, which included the Federal and County courthouses. Birdsill Holly's son Edgar
was in general charge of the Milwaukee installation for the Holly company, and advised a
reporter in Dubuque, Iowa in late August that "it will be impossible to fill the orders received
by the company this season, having already hundreds of applications which they cannot reach,
although several miles of pipe is being laid each day." Additional boiler capacity was installed
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even before the plant (on Market between Oneida and Martin) was complete and on 8 October
1879 the Sentinel advised its readers that "the Steam Supply Company have turned on their all
caloric and all powerful vapor," which by December was being delivered to some 130
patrons.255
Wheeler wrote a letter to the Holly Steam Combination Company in early March 1880,
reporting that the concern had laid 15,561 feet of main pipe, over 6,900 feet of service pipe, and
were then heating 5 million cubic feet and supplying power to ten engines totaling "about sixty
horse-power (20 down to 2 each)." Furthermore,
We find the system working perfectly. Our consumers are more than pleased. They are
enthusiastic about it, and our applications for both power and heat are constantly
increasing. The indications are that we shall more than double our consumers next fall .
We now have eight boilers, average six in use. We expect to put in as many more this
season. We find the system is rapidly gaining popularity in the community. The
prejudice which existed in the minds of a majority before we commenced operations has
been removed, and all acknowledge it a great blessing. There is no injury to streets or
any obstruction, except when pipes are being laid, and that causes less trouble than gas
or water mains, as we do not put them as deep in the grounds. We fully believe the
system will be universally adopted in all large towns and cities very soon. I hear that in
some cities the municipal authorities are unwilling to grant a franchise. This seems to
me a very grave mistake, as the public will derive more real advantages from the system
than the corporation who introduce it. While every corporation excepts to reap some
profit as a matter of course, every city where it is introduced are certain of a gain in
health and comfort, and freedom from coal-gas, ashes and dust, worth ten times the
money paid and privileges granted.
The Milwaukee Steam Supply Company did install new boilers the following summers, having
a total of sixteen in place by early August 1880.256
Colonel F. I. Massey from Dubuque visited "Lockport, N. J." in early 1879 and "was
so favorably impressed with the system that he resolved to exert himself to secure its
establishment." The Dubuque Steam Supply Company was organized on 20 May 1879 with
George B. Burch president, Alonzo J. Van 'Duzee treasurer, A. Palmer secretary, and John N.
Manning plant superintendent. The company petitioned the Dubuque City Council for a franchise
permitting use of the various streets on 3 June 1879 and it was granted at the same meeting.
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Like its counterpart in Troy, the Dubuque Daily Herald reported progress of the pipe installation,
which was again overseen by Edgar P. Holly. Likewise, the press brought the steam company
to task on occasion, as on 20 September 1879:
The men who are engaged in laying the mains of the steam heating company, on Locust
street, should see that the dirt piles which are unavoidably left over night are lighted to
prevent accidents. They are dangerous after dark.
The company's plant was built on the corner of Sixth and Iowa streets and had "four large
boilers," which an author in 1880 thought "an unusually large number, and which furnish ample
steam to heat the entire city." The company was ready to supply steam in early October, but
very warm weather delayed the necessity for doing so. On 29 October, the boilers were fired
up and powered "the steam engine of Glover's overall factory." The Daily Herald reported on
21 November that the steam heating system was "just the ticket" during the current cold
snap.257
As was the case with other steam companies, investors in the Dubuque system were all
local residents. Burch was a partner in lumber merchants Burch, Babcock & Co., vice president
of the 2nd National Bank, and treasurer of the Key City Gas Company.

Van Duzee was clerk

of the United States District Court in Dubuque and Palmer was a bookseller.

Plant

superintendent Manning, 35 years old, came to Dubuque in August 1879 from Chicago, where
he had managed the steam heating department of the Crane Brothers Manufactory Company for
five years. One boiler operator, or fireman, for the company in 1883 was Eli Aaron, listed in
the 1880 Dubuque city directory as a "(colored) steam boatman."
The 1880 Dubuque history notes that
Indeed, this enterprise was started and pushed forward with so little commotion that onehalf of the citizens of Dubuque did not realize when the great city was heated by steam
from Dublin to Eagle Point, and from the river to West Dubuque.
The convenience, cleanliness, and safety of steam over other heating methods was mentioned,
so that not only have "the rates of insurance have been lowered," but "in case of fire, every
house has the means to extinguish it right at hand. Perforated pipes may be placed in the rooms

257[ChandlerG. Childs], History of Dubuque County, Iowa (Chicago: Western Historical Co., 1880), 6656; Dubuque Daily Herald on date noted, plus 20 May; 17 July; 23 August; 19-26 September; 8-9, 12, 19, 21,
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of the house, and when the flames break out the steam can be turned on, and the fire quenched."
The basic fundamental of district heating, however, was cited by the Daily Herald: "It resolves
itself into a question of economy ... if money can be saved by abandoning old methods they will
be abandoned. "258
The Cincinnati Board of Alderman was considering awarding a franchise for a Holly
system in late 1879 and, like his comrades in Auburn, Springfield, and Detroit, Massey (whose
precise relationship to the company is unclear) wrote in support of the Holly system:
We have the Holly system of steam-heating in successful operation in this city, and it
gives general satisfaction to all concerned. We have over 10,000 feet of main and 2,000
feet of laterals. When the project was first broached here, many of our citizens looked
upon it with suspicion, if not disfavor; but all prejudice is giving way before its practical
working, which is entirely satisfactory. The system is daily gaining friends, as well as
new consumers.
Jacob Brosius introduced district steam heating into Illinois in 1879, constructing a boiler
plant at his residence, Kronthal, to serve the city of Belleville, Illinois. Brosius, a 53-year-old
immigrant from Cronberg, Germany who had come to America in 1849, owned an oil mill,
invented the Water Clear Cold Pressed Castor Oil process, and his mill was the "only place in
the United States where pecan oil is manufactured," considered by many to be "much superior
to olive oil." Unlike every other steam heating company examined in this study, Brosius was
a sole proprietor for the works, which cost $45,000 to construct. His property also included
twenty acres of coal land, ample to "furnish a supply of coal sufficient for thirty years." Brosius
that same year also "placed an electric clock in the tower of his residence, with which connection
is made with striking apparatus in some of the school buildings and with the bell of the Methodist
Episcopal church," by which means "the city is furnished with correct time." He was clearly
a man who would never be content with a standard product, and he quickly came to the
conclusion that "air itself is the very best non-conductor of heat." Brosius therefore
constructed two boxes, placing the pipes in a box and enclosing the same in another,
leaving a space of one inch all around the inside box for the free circulation of the air.
By the use of two boxes, two air spaces are obtained; one between the pipe and the inner
box, and the other between the inner and outer box, the two air rooms thereby insulating
the heat as completely as possible. The insulating boxes are much cheaper, and save a
large amount of money usually expended for asbestos and other material used for packing
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the pipes to prevent them from freezing. His system of Insulating Boxes has attracted
much attention and called to the city a number of scientific men, who have made a
thorough examination of the system, and universally pronounce it a valuable invention,
and the best in use. It will no doubt go into general use wherever steam is used for
heating cities, or where it is to be conveyed in pipe for any great distance.259
Brosius purchased the rights to the Holly system in August 1879 and began supplying
steam in December 1879 with few customers, but the following year served fifty-five customers,
including the courthouse. He applied for a patent for his insulating box on 10 November 1879
and for an improved version on 9 February 1880.

Brosius also received a patent for an

"Atmospheric Radiator," which used the vacuum created by the condensing steam to remove
"foul air by means of suction, carrying it to the heater, where it is consumed." A Belleville
paper printed the following account of his system:
The city of Belleville does not now realize the extent of its indebtedness to the
enterprise of Mr. Brosius. From the time he first began his work of heating the city by
steam, there have been those who have been not only waiting to see what it would
amount to, but who have predicted failure. Some months ago it was announced that he
was running his oil mill engines with steam from his boilers a quarter of a mile away.
Then the Esler and Roplequet manufacturing engines were connected and all their
machinery run by steam made the same distance away. And then the mains were
extended up Main street and several other small engines attached, and several offices and
rooms heated by steam radiators; but still there were those who waited to see whether the
thing would work.
Meanwhile, Mr. Brosius kept digging up the hard macadamized street, gradually
brought his large street mains up towards the public square. On Monday night the
workmen had reached High street when a junction box was put in, as they are at every
street intersection, and yesterday the firemen brought out the steamer, but no fire was
made up in it. It was taken up to the Thomas House street cistern, and a rubber hose one
and a quarter inch diameter inside, was attached to safety valve of the steam works, and
steam was turned on. The boiler of the steamer at once filled; showing a pressure of 45
lbs., precisely the same as at the boiler three-fourths of a mile away. Steam was at once
let into the engine, and it began to work, drawing water from the cistern and forcing it
first in one stream, and then in two, above the top of the Thomas House, four stories,
the highest building in the city ....
There can be no question but all the houses in our city can be economically
heated by the sufficient extension of this system. Not only this but all the cooking,
washing, &c., can be done and done better; the heat being always ready and under
perfect control. It is not only the convenience that may be considered but the system will
bring to our homes a more even and a more healthy warmth. It will obviate dust, dirt
and smoke, and add innumerable ways to the comforts of life. Another winter will see
our people in a furore of anxiety to get within the steam district, or to have the steam
district extended to them. 260
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Another company, the London Steam Heating and Manufacturing Company, began
operating in London, Ontario in the winter of 1879-80 with "a capital stock of $80,000,
consisting of 4,000 shares of $20 each."

The London system was mentioned in an 1884

summary of early steam systems and the London City Steam Heating Company is listed as being
under the proprietorship of the London City Gas Company in the 1880-81 London City Directory,
but nothing else is known about this first Canadian system. 261
Table 10 - Holly steam systems operating in April 1880. Source: Holly Steam Combination Company,
Third Annual Announcement (Lockport: Journal Book and Job Printing House, 1880), 47.
1877

Holly Steam Combination Company, Lockport, New York

1878

Springfield Gas Light Company, Springfield, Massachusetts
Auburn Steam Supply Company, Auburn, New York
Detroit Steam Supply Company, Detroit, Michigan
National Home for Disabled Volunteer Soldiers Dayton, Ohio

1879

Troy Steam Supply Company , Troy, New York
Dubuque Steam Supply Company, Dubuque, Iowa
Jacob Brosius & Co., Belleville, Illinois
Milwaukee Steam Supply Company, Milwaukee, Wisconsin
London City Steam Heating Company, London, Ontario
Clifton Springs Sanitarium, Clifton Springs, New York
Western House of Refuge, Rochester, New York
Insane Asylum, Binghamton, New York
Delaware, Lackawanna, & Western Railroad, Syracuse, New York
A. T . Stewart, Garden City, New York

The third, and last, announcement of the Holly Steam Combination
Company, published
,
in April 1880, listed fifteen operating systems (Table 10) and another thirty-six (Table 11) that
"are under negotiation, thorough investigation having been made by committees, and in many
ordinances have already been obtained and companies formed, and in some work already
commenced."
Holly's steam system began to receive serious recognition in 1879 from the American
technical media. Robert Briggs, a prominent mechanical engineer, wrote several articles in the

Plumber and Sanitary Engineer on the Holly system, pointing out that the general concept was
hardly novel, having been advocated by Count Rumford and Robertson Buchanan at the beginning

261Engineering

News 7 (10 January 1880): 8; and 7 (14 August 1880): 274.
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Table 11 - Cities where Holly steam systems were being negotiated or constructed in April 1880. Source:
Holly Steam Combination Company, Third Annual Announcement, 48.
Colorado

Denver City
Leadville
Georgetown

Connecticut

New Haven
Hartford
Bridgeport

D. C.

Washington

Illinois

Rock Island
Chicago
Jacksonville
Springfield
Bloomington

Missouri

St. Louis
Kansas City

New Jersey

Newark
Jersey City

New York

New York City
Brooklyn
Albany
Buffalo
Rochester
Syracuse

Ohio

Cincinnati
Columbus
Cleveland
Toledo
Dayton

Iowa

Burlington
Des Moines

Kentucky

Louisville

Rhode Island

Providence

Maryland

Baltimore

Ontario

Toronto

Minnesota

Minneapolis
St. Paul

Quebec

Montreal

beginning of the nineteenth century. "When a building or group of buildings are extensive,"
Briggs wrote in May 1879, "a steam heating apparatus becomes a system," often warranting
centralizing larger boilers with skilled operators for labor and operating economies.
Nevertheless, he continued, "the absolute demands for heat are so large that no considerable gain
in fuel can be made over what would be consumed by several small boilers doing the same
work." In September, Briggs editorialized on some of the defects of steam:
By no possible means could a teapot be heated by steam with any economy three times
each day at a point 100 feet distant from a steam main. Steam at the boiler may cost
little enough; what it is worth delivered, in hot cakes, to the man or woman who wishes
to warm a room in winter or run a sewing machine in summer a mile from the boiler,
we leave for demonstration.262
Briggs had pointed out a fundamental weakness in Holly's scheme, and his analysis was
soon proven to be all too true. All of these early systems were intended to be operated the entire

262Robert Briggs, "The Holly System of Steam Heating," Plumber and Sanitary Engineer 2 (May 1879):
155; idem, "Rival Schemes of Heating," in ibid. 2 (September 1879): 314.
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year, but summer loads proved so small that expenses could not be covered. Turning steam off
in the summer obviated many of the features that Holly marketed, such as fire protection, power,
and cooking. In addition, steam companies then had to recover all of their costs during the
heating season, however long or short that might be. The problems pointed out by Briggs
became apparent to the companies operating in the summer of 1879 and during the next year
Holly worked to find a solution. Several systems were installed in 1880 that had been developed
prior to the summer problem becoming apparent.

The Hartford Steam Supply had been

incorporated on 25 March 1879, but installation did not take place until the following year, the
delay probably due to disagreement with the Holly firm over the franchise fees. Steam was
finally turned on in Hartford in October 1880, accompanied by a notice in the Hartford Daily
Tzmes that "The Holly Steam Combination Company give notice that they will prosecute any one

found violating their rights." Pipe leaks caused "both bad service and costly operation, and by
the spring of 1881 there was reason to believe than the $500,000 business venture had been a
failure." High pressure steam service for power was discontinued and only low pressure steam
was supplied. The steam company realized the potential of selling steam to the new electric
enterprises, and did so for many years until finally being bought out by the Hartford Electric
Light Company.263
Investors in Burlington, Iowa chartered the Burlington Steam Supply Company in January
1880 and started steam service the following October in a large portion of the downtown area.
In Denver, Colorado, John W. Smith and other pioneers incorporated the Denver City Steam
Heating Company in December 1879 and began commercial steam service on 5 November 1880.
Businessmen in Lynn, Massachusetts formed the Citizens Steam and Gas Company in 1879, but
objections from the Lynn Gas Light Company delayed getting a franchise for some time, and
when installation was finally begun in late summer of 1880 Holly used the opportunity to test his
latest idea, a duplex system that cogenerated heat and power using high pressure (70 psig) steam

263J. Hammond Trumbull, 171e Memorial Hist01y of Hartford County, Connecticut, 1633-1884 (Boston:
Edward L. Osgood, 1886), 462; Glenn Weaver, Hartford: An Illustrated Hist01y of Connecticut's Capital
(Hartford: Windsor, 1982), 103; Hartford Daily Times, 9 October 1880; Weaver, The Hartford Electric Light
Company (Hartford: Hartford Electric Light Co., 1969), 10, 14, 19, 45, 53, 54.
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from the plant to power engines on customer premises, and then distributing the low pressure
(±20 psig) exhaust steam through a second pipe to heating customers. The basic principle was
to have the power customers serve as a base load that would operate year round, while the
heating steam would become inexpensive enough to still maintain all of the services Holly had
promised. Although this particular application was not successful, the idea of distributing exhaust
steam (which Oliver Evans had done six decades earlier) was very sound and would become the
standard steam heating method by the end of the decade. 264
In June 1879, a new group of investors formed the New York Steam Heating and Power
Company in New York City, and rather than simply buy the rights to install the Holly system
in New York City they offered to buy Holly's steam system rights in general. A Dubuque
newspaper account in August 1879 reported that "A company has been formed in New York who
offered the inventor $1,000,000 for his patents and a certain amount of stock, but he refused,"
but on 27 Noveinber 1880 the American District Steam Company was organized and within a
matter of weeks had taken over tlie responsibilities of manufacturing and marketing Holly's steam
system, although the Holly Steam Combination Company itself was not formally dissolved until
March 1924. The American District Steam Company redirected steam system marketing efforts
to larger cities and devoted most of their effort to installing the new system in New York City.
Although the Holly Steam Combination Company did not leave many historical records, the
American District Steam Company left even less, despite being in business for a much longer
period. The new company, for instance, from 1880 to 1945, when it was sold, never publicized
the complete list of steam systems it had installed.

The formation of the new enterprise

represents a significant change in district heating and is rightfully the subject of additional
study. 265

264BurlingtonCity Directory (1880-81), 408; BurlingtonHawkeye, 25 January, 9, 16-17 October 1880; The
Daily News (Denver), 16 December 1879, 7, 28 January, 5, 6 February 1880; George A. Crofutt, Crofutt's
Grip-sack Guide of Colorado (Omaha: Overland Publishing Co., 1881), 1:32; Lynn Evening Item, 19 May, 2,
25 June, 1, 8, 22 October, 16, 19, 22 November 1880.
265Dubuque Daily Herald, 23 August 1879; Letter to author from New York State Bureau of Corporations,
2 March 1993.
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Miraculously, it worked ...

The Wall Street Joumal, 1973 266

Conclusion

Birdsill Holly's steam systems enjoyed mixed success.

Those systems installed in

institutions were very successful and only a handful of such systems have ever been abandoned,
usually because the institution itself moved to a new location, such as when Columbia University
moved to Morningside Heights in the 1880s or the Western House of Refuge moved out of
Rochester at the turn of the century. Institutional steam systems were often expanded and
modified to meet the changing needs of their owner and to adopt improved technology, but the
basic operating idea has remained intact. Commercial steam companies did not fare as well.
Increased pressure from competitive systems using natural gas or oil made it difficult to maintain
profitability.

Many systems eventually merged with electric utilities to take advantage of

cogeneration opportunities. The Lockport system ran into financial difficulty shortly after the
turn of the century and merged with the Economy Light and Power Company in 1906, which
later became New York State Electric and Gas . The Lockport system was abandoned in June
1969, but one of the former system's largest customers, the Harrison Radiator Division of
General Motors, has recently installed a large cogeneration plant to supply the steam and electric
needs of its new plant. Holly's house on Chestnut Street was razed in the 1970s to make way
for progress in the guise of a strip shopping center, while the original boiler plant became an
electric generating station and is now a New York State Electric and Gas storage and office
facility. The Auburn system merged with the Empire Gas and Electric Company and remained
in operation until May 1925. Auburn steam consumers tried to keep the system in operation, but
an investigation found that
for years the underground portion of the system has been allowed to fall into disrepair,
and nothing has been set aside as a reserve for depreciation or for replacement. The
consumers of the company number about 126 and comprise the principal business places
in the heart of the city. This committee has been of the opinion from the start that a
central heating system is a highly desirable thing, but only for the convenience to
individual consumers, but to reduce the fire hazard in the business section.

266Urban C.

Lehner, "Many steam-heat companies bemoan loss of customers, new air standards," The Wall
Street Journal, 10 January 1973.
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Empire refused to lease or sell the steam plant to the consumers, insisting that the property "is
now essential to the conduct of its electrical business." The heating committee considered this
"very doubtful." The City requested a year's respite and the steam was turned off in mid1925.267
The Detroit system did not provide adequate return on McMillan and Newbury's
investment and was abandoned in the summer of 1884. The Springfield Gas Light Company in
1899 considered that
the expense of maintenance and cost of production in the steam plant and the distribution
system had increased to such an extent that the Company circularized its steam customers
as to their willingness to accept an increase of 10% in their heating bills. This they
accepted, as the heat and convenience had proved very attractive to merchants and house
holders . However, with the continued criticism from the newspapers, horse owners and
others for conditions caused by the melting of the snow in the road ways and the digging
up of the streets, caused by the insufficiently insulated pipes and expansion pipes for
leaks which caused the snow to melt rapidly, leaving bare places on the pavement, the
directors on April 22, 1901, after 22 years of service, voted to discontinue it. Then there
was so much complain from the customers, they being forced to install their own heating
plants and hire firemen, in many cases, that on May 15 between 75 and 100 users signed
a petition requesting the company to continue supplying them; so that it was two years
before the steam was finally cut off on May 18, 1903.
The Springfield Company reintroduced district heating again in 1932, abandoning it once again
when the steam plant site was taken for the construction of Interstate 91 in 1966. The Troy
system went bankrupt in 1883 and was sold at auction to John L. Russell for $15,000 who
promised to keep it operating, but apparently did not do so for long. The Dubuque system may
have operated as late as 1917, while the Burlington system merged with the Burlington Electric
Company and was abandoned after the Keokuk Dam eliminated the need for boilers in
Burlington. Another system was installed in Davenport in 1881 and ran until 1941 or 1942.
Although the history of the first system in London, Ontario is sketchy, at least three other
systems followed, one of which continues to operate successfully. Steam service in Hartford was
discontinued in 1892 as the Hartford Electric Company chose to concentrate on high technology

267LockportDaily Journal, various dates in May and June 1969; Auburn, New York, Council Proceedings,
29 January 1924, 56-58.
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electric generation.268
Most, if not all, of the companies operating in the winter of 1880-81 were greatly
affected by a very severe winter, but none more so than the Milwaukee Steam Supply Company.
Dr. Orlando W. Wight, the county health commissioner, took the steam company management
to task for excessive smoke and in November 1880 felt it necessary to issue a health order "to
abate the nuisance of smoke" within thirty days. The Milwaukee company has been burning a
very cheap grade of coal although arguing that "Pittsburgh, the smokiest city in the Union, is also
the healthiest," and that "citizens would bear the disagreeable smoke to encourage manufactures,"
Dr. Wight would not compromise. The steam company had obviously expanded too fast and
connected too many customers to its pipes, so when the cold weather arrived a week after
Wight's order disaster came quickly.

Complaints of insufficient steam appeared in the

newspaper, the company was ordered to remove its pipes from the courthouse, and the stock
collapsed by the end of the year. Wight pointed out that he simply wanted them to burn clean
anthracite instead of slack bituminous and said he "does no~ believe in leniency until that change
is made." The cold weather affected rail deliveries of coal, and by 4 January 1881 rumors were
being printed about the steam company running out of coal. A fifty percent increase in rates was
made and the company limped along until early March, when a steam company workman let it
be known that the company had less than four days of coal on hand and with the railroads
blocked by snow the company could not hold out much longer.

On 4 March the company

admitted that it only had enough coal to last until 5 p .m. that day and the company collapsed.
Steam consumers formed a cooperative association to keep the plant operating through the winter
at whatever cost, but examination of the accounts showed the situation to be beyond recovery .
It was revealed that the steam company was being shorted nearly fifty percent on its coal, as it
had no means of weighing deliveries to the plant. The company had decided not to install steam
meters, and had no idea of what its expenses were. By the end of March even the cooperative
was about to collapse and tried to shut off non-paying customers, but Holly had placed the shut

2 68Silas Farmer, History of Detroit and Wayne County (New York: Munsell & Co., 1890), 471; "History
of Springfield Gas Light Co.," 10; Glenn Weaver, The Hartford Electric Light Company (Hartford, 1969), 54;
"Collapse of Steam Heating in Troy," Engineering News 10 (3 November 1883): 539.
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off valves inside the building where the steam company employees could not reach them without
the owner's permission. As a final act of desperation, "an attempt was made to dig down and
chop off the connection and plug it, but this failed ." Steam was shut off in early April, the
system was abandoned, and a series of lawsuits between the various parties ensued .269
Although the Milwaukee episode was not a very positive event in the history of district
heating, the explanation that the fault was due to local mismanagement appears to have been
accepted and nothing has been found to suggest that it was widely noticed, with, for instance, not
a word in the Milwaukee papers about the Holly Steam Company in Lockport, nor do the
Lockport papers mention the events in Milwaukee. In February 1884, William P . Shinn of the
New York Steam Company addressed the American Institute of Mining Engineers on urban steam
distribution and gave a short summary of these early systems. The Milwaukee system failed, he
said, "owing to faulty construction and still worse management." The Lynn system had similar
problems, though not as dramatic, and ceased operations in the summer of 1883 after a series of
pipe explosions. A second duplex steam system in New Haven, Connecticut operated for some
time, but no definite evidence has been found as to why or when it ceased operating.
The first years of district heating were marked by good ideas, ambitious investors, and
expensive experience. Although this study has wrapped these early systems into a neat package,
it is important to note that early systems worked reasonably well , considering the uneven quality
of local management. Holly's initial steam apparatus did not remain in the marketplace for long
after 1882, as numerous incremental improvements made the devices simpler and more reliable.

It is not difficult to conclude why institutions, such as schools, hospitals, and asylums, and
planned communities, such as those in Garden City and Pullman, adopted district heating early
and en masse while commercial heating companies as a whole had a much more difficult
situation. The most obvious reason was the difference in cost accounting methods used by these
two types of systems. Institutions and planned communities have a reasonably clear idea of what
their total cost of heating is, while steam companies had to struggle to sell heat for a price that

2 69Milwaukee Sentinel, 13-25 November, 25-31 December 1880, 4-6 January, 1-15, 25-31 March, 1-8 April,
6 August 1881, 28 January, 14 May, 13 October 1882, 17 October 1883, 25 May 1889.
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seemed very high when compared with the cost of purchased fuel, such as coal. As has been
shown, Birdsill Holly recognized this obstacle very early and as early as 1878 itemized the total
costs of owning and operating various types of heating systems. Holly's report never received
wide publicity as most newspapers were content to repeat a low price, usually quoted out of
context. Holly himself did not emphasize the importance of economic factors such as total
heating costs in his marketing efforts, perhaps because he was convinced it would be less
expensive.

Instead, he emphasized intangible factors such as comfort, convenience, and

cleanliness, rather than factors such as management, measuring, and accounting.270
The importance of good management in heating can be seen not only in the very elaborate
steam accounting systems that were in place by the turn of the century, but by the example of the
Denver City Steam Heating Company, the sole survivor of the commercial steam enterprises
examined in this study. The founder of the Denver company, John W. Smith, and his son-inlaw, Henry Miller Porter, who became president of the firm in the late 1880s, were without
question extremely competent businessmen. Smith had brought a mill engine across the prairie
to Denver during the 1859 Gold Rush, which made him the first of several fortunes. Porter had
interests in an enormous range of mining, railroad, and cattle companies throughout the West and
he kept a meticulous set of books, which are themselves worthy of detailed study. Unlike the
steam company in Milwaukee, which measured nothing, Porter measured and quantified
everything in his steam plant, sometimes on a daily basis. He was not particularly enthusiastic
about owning a steam company that produced what he considered inadequate returns, but he kept
it operating and usually profitable until he unloaded it onto Henry L. Doherty's Denver Gas and
Electric Company in 1909, where it has prospered and grown.
The early history of district heating was, more than anything else, marked by technology
that outpaced the tools of business management.

Steam meters were crude and unreliable,

making management very difficult and in many cases, impossible. Managers of institutional
systems were indifferent to these problems, as they had little reason to be concerned about how

270William P.

Shinn, "The Distribution of Steam in Cities," Transactions ofthe American Institute ofMining
Engineers 12 (February 1884): 632-38; James Herbert Bartlett, Dishict Steam Supply: Heating Buildings by
Steam from a Central Source (Montreal: John Lovell & Son, 1884).
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much steam flowed to any particular building. As meters were perfected, it became easier to
manage, and thus to sell. District heating systems have become very large in some cases, but
because of technical limitations on size never became a big business like gas or electricity,
although many systems manage to make a good living at it. Fame and fortune eluded district
heating pioneers, much as it eluded water supply system entrepreneurs, but to some extent they
both now have a history.
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Appendix A: Holly Water Supply Systems, 1875

Source: B. Holly's System ofWater Supply and Fire Protection for Cities and Villages (Lockport:
M . C. Richardson & Co., 1869, 1875), M . N . Baker, Manual of American Water-Works (New
York: Engineering News, 1889).
City
1. Lockport, New York
2. Auburn, New York
3. Gouveneur, New York
Minneapolis, Minnesota
Vergennes, Vermont
4. Ogdensburg, New York
5. Binghamton, New York
6. Peoria, Illinois
7. Batavia, New York
8. Canton, Ohio
9. Kalamazoo, Michigan
10. Marquette, Michigan
11. Connersville, Indiana
12. Ironton, Ohio
13. Dayton, Ohio
14. Covington, Kentucky
15. Columbus, Ohio
16. Indianapolis, Indiana
17. Jackson, Michigan
18. Norwalk, Ohio
19. Buffalo, New York
20. Saratoga, New York
21. Cumberland, Maryland
22. Evansville, Indiana
23. Laporte, Indiana
24. Columbus, Indiana
25. Schenectady, New York
26. Syracuse, New York
27. Portsmouth, Ohio
28. Denver, Colorado
29. Potsdam, New York
30. Allegan, Michigan
31 . Des Moines, Iowa
32. Big Rapids, Michigan
33. Youngstown, Ohio
34. Mansfield, Ohio
35. Dunkirk, New York
36. Sedalia, Missouri

Population
15,000
17,000
3,500
12,000
16,500
25,000
3,200
12,000
10,000
5,000
4,000
7,000
31,000
35,000
32,000
50,000
12,000
5,000
130,000
10,000
11,000
25,000
8,000
6,000
11,000
50,000
12,000
12,000
4,000
3,000
11,000
2,500
10,000
9,000
8,000
5,000

Year
1863
1865
1867
1868*
1869**
1869
1869
1869
1869
1869
1869
1869
1869
1870
1870
1870
1870
1870
1870
1870
1870
1870
1870
1870
1870
1871
1871
1871
1871
1871
1871
1871
1871
1871
1871
1871
1871
1871

*Minneapolis is not listed in 1875, as it had built a new pumping station in 1872 with pumps by another
manufacturer .
...,.The original Holly pumps were replaced by two Flanders piston pumps built by the Vergennes Machine
Company, which was then forced out of business by a Holly patent infringement suit.
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37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.

Memphis, Tennessee
Decatur, Illinois
Bay City, Michigan
Rock Island, Illinois
Saginaw City, Michigan
East Saginaw, Michigan
Danville, Pennsylvania
Titusville, Pennsylvania
Sacramento, California
Norfolk, Virginia
Rochester, New York
Martinsburg, West Virginia
Port Huron, Michigan
Sidney, Ohio
Long Island City, New York
Hyde Park, Illinois
Flushing, New York
Kansas City, Missouri
Litchfield, Illinois
Pueblo, Colorado
Atlanta, Georgia
Middletown, Ohio
Evanston, Illinois
Rockford, Illinois

50,000
9,000
11,000
9,000
9,000
11,000
12,000
10,000
25,000
20,000
85,000
7,000
10,000
4,000
12,000
10,000
8,000
50,000
4,000
6,000
30,000
6,000
8,000
12,000

1871
1871
1872
1872
1872
1873
1873
1873
1873
1873
1873
1873
1873
1873
1874
1874
1874
1874
1874
1874
1874
1873
1874
1874

